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Hadrons: colour neutral system of quarks
- Baryon (qqq)
- Meson (qq) ‘9 y

Spin-Parity selection rules for bound 4¢ 'system

* Quark spins couple to total intrinsic spin S
S =0 (singlet) or S=1 (triplet)
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Hadrons: colour neutral system of quarks
- Baryon (qqq) ;
- Meson (qq) & y

Spin-Parity selection rules for bound 4¢ 'system

* Quark spins couple to total intrinsic spin S
S =0 (singlet) or S=1 (triplet)

* Relative orbital angular momentum L couples with total spin Sto J
Meson spin: J =L + S

* Parity: P=(-D"
* Charge conjugation: C =(-1)"*
° G-panty G _ C'Bmlz _ (_1)]+L+S
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« Allowed JP¢€ combinations:
L =0 - pseudo-scalar 0-*, Vector 1~
=] - scalar 0**, axial-vector 1*-, 1** and tensor 2+*

 Forbidden JPF€ combinations: 0, 0+, 1+, 2+, 3* .....

« Same quantum numbers mix
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* Many missing/disputed
States in mass region
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Boundary of light mesons:

* Many missing/disputed
States in mass region

m ~ 2 GeV/c?

* |dentification heavier
states difficult

- Broad states
- Large number of states
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- QCD allows strong gluon-gluon coupling
- Self coupling in Meson spectrum visible ?

Hybrids

Resonances with excitations of gluon field
- Description of gluon excitation is model dependent
- E.qg. flux-tube Model:

,Flux-tube“: Gluon field between static colour charges

Transversal excitation: angular momentum of flux-tube couples with
(L,S) of mesons to J

Different from | gq ' > no restrictions to J°C
Lightest hybrid with J°¢ = 1+ with mass between 1.3-2.2 GeV/c?
forbidden J/€ for |gqq'>
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- QCD allows strong gluon-gluon coupling
- Self coupling in Meson spectrum visible ?

Hybrids

Resonances with excitations of gluon field
- Description of gluon excitation is model dependent
- E.qg. flux-tube Model:

,Flux-tube“: Gluon field between static colour charges

Transversal excitation: angular momentum of flux-tube couples with
(L,S) of mesons to J

Different from | gq ' > no restrictions to J°C
Lightest hybrid with J°¢ = 1+ with mass between 1.3-2.2 GeV/c?
forbidden J/€ for |gqq'>

Experimental status:

- w,(1400) , x,(1600), x,(2000) observed by VES, BNL E852, Crystal Barrel
- Resonance structure still disputed
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Glueballs

Bound system from gluons (without valence quarks)
- ,Ground state‘ expected as 0+*
- Strong mixing mit meson spectrum | gq'>

- ldentification via decay
. No inherent flavour - flavour-democratic decay (KK, nx)

. Observe characteristic final states (e.g. )
- Mixing: Interpretation only via coupled channel analysis
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Glueballs

Bound system from gluons (without valence quarks)
- ,Ground state‘ expected as 0+*
- Strong mixing mit meson spectrum | gq'>

- ldentification via decay
. No inherent flavour - flavour-democratic decay (KK, nx)

. Observe characteristic final states (e.g. )
- Mixing: Interpretation only via coupled channel analysis

Experimental status:

- f,(1500) observed in different experiments
- Interpretation still disputed

Freitag, 29. April 2011 7
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Quenched L-QCD prediction Lightest glueballs:

T T T : . 2 PC ++
Glueball Y.Chen etal, PRO7S, 014516 (2006) | M ~1.7GeV/e” (J77 =0"")
- | . 2 PC
Ot M ~2.4GeV/c (J = 2++)
OF m— ) —
2 mummm 14
1 |
3 — 3+ m—
O e— 17— 13 %
i 0]
0 e— ~
L 2++ \¥J 1o
=
1 2
| O++_
1
Reprinted with permission from Y. Chen et al, Phys. Rev. D73, 014516 (2006).
Copyright (2096) by the Amerlican Physical So‘ciety.

++ -+ +- -
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@f’ Predictions Lattice QCD

Lightest glueballs:

" M ~1.7GeV/c® (J7C =0")
M ~2.4GeV/c® (J7C =2")

Unquenched L-QCD prediction

C. A. Meyer and Y. Van Haarlem, Phys. Rev. C 82, 025208 (2010) (arXiv:1004.5516v2)

— Exotic Meson
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t@g How to Observe Exotic Mesons ?

. Centre of mass energy (E.,, > M,)

Reaction mechanism
- diffractive Production
- Excitation of Fock-states of projectile
- Photo-production
. Use y - p - ¢ coherence (VMD) and coupling of M, to p, ¢

- n
JU P <
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/ /
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Reaction mechanism
- diffractive Production
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- Photo-production
. Use y - p - ¢ coherence (VMD) and coupling of M, to p, ¢

- ,central® production
- Gluon-rich exchange particles (pomeron)
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Reaction mechanism
- diffractive Production
- Excitation of Fock-states of projectile
- Photo-production
. Use y - p - ¢ coherence (VMD) and coupling of M, to p, ¢

- ,central® production
- Gluon-rich exchange particles (pomeron)
- pp annihilation
- Gluon-rich intermediate state in annihilation
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Centre of mass energy (E.,, > M,)

Reaction mechanism
- diffractive Production
- Excitation of Fock-states of projectile
- Photo-production
. Use y - p - ¢ coherence (VMD) and coupling of M, to p, ¢

- ,central® production

- Gluon-rich exchange particles (pomeron)
- pp annihilation

- Gluon-rich intermediate state in annihilation
- Decays of heavy mesons (e.q. J/¥)

- Gluon rich final state Y

luons
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!
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COMPASS at CERN

e i

COmmon Muon and Proton App

- p / to 400 GeV
. Secondary hadrons (x, K, ...): 2-107/s
(po 107/s

4 g = 4
g, 29.




o) Spectrometer - 2008

/S
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Two stage spectrometer

- Large angular acceptance

- Wide kinematic regime

- ~250000 readout channels

- ca.l PB/year L~
ECAL 1 A

arget-Recaoill i

Beam /
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N

Two stage spectrometer

- Large angular acceptance

- Wide kinematic regime

- ~250000 readout channels

- ca.l PB/year L~
ECAL 1 Y

Freitag, 29. April 2011

~50m

B Dipole magnets

B Tracking detectors
RICH

BEl.-mag. calorimeter

W Hadron. calorimeter

g Muon identification
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onm: Spectrometer - 2008
N

Two stage spectrometer

- Large angular acceptance

- Wide kinematic regime

- ~250000 readout channels
- ca.l PB/year ) -

E AL'T'
-
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Data taking:
. 2002-2004: 160 GeV/c u*

. 2004: 2 weeks 190 GeV/c

. 2006-2007: 160 GeV/c u*
. 2008-2009: 190 GeV/c p,v
- 2010-2011: 160 GeV/c u*

11
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Analysis - Diffractive Production

Beam particle gets excited to state X - total cross section ist O(mb)

State X decays in n-Hadrons
Target takes up recoil, stays intact

Beam I
X h )
}1 n—1
R { (IP) I,
Target Recoil
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Beam particle gets excited to state X - total cross section ist O(mb)

State X decays in n-Hadrons
Target takes up recoil, stays intact

What can | say about X ?
Angular momentum production via
- Spin flip of target (not with pure Pomeron-exchange)
- Orbital angular momentum (pomeron-projectile) in reaction
- Projection of orbital angular momentum to X with m=0
- ,Pomeron‘ 0** exchange: no Quantum Numbers are exchanged
- 4-momentum transfer t determines mass spectrum

/Zl
X h

/Zn—l

R (P) hy

Beam

Target Recoil
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Example:| g~ 4+Pbo n " +Pb ) . n
I +

« 4t vertex in Pb target 7. > T

C T[_
* Exclusivity = target stays intact
 Momentum transfer
2 2
_tEQ =_(pa_pc) Pb

Freitag, 29. April 2011 14



ﬂ:@} Diffractive Reactions at COMPASS

Example:| 7~ 4 Pbo nnn* +Pb ] "

« 4t vertex in Pb target 7. T

* Exclusivity = target stays intact
 Momentum transfer

2 2
—-t=Q0"=-(p,-p.) Ph
Diffraction on Pb nuclei Diffraction on nucleons
g e \ COMPASS 2004 5 | COMPASS 2004
% s TPb — wTtPb % ©Pb — mwwtPb
5 5 100
el O C
E10F E
Z = Z B .
B - il
10°=
i 10°
2 Il\lll\Il\II\‘II\||I\II‘II\\lI\II‘\I\\lI\IIl\II\ _II\I|\|I\|!\II‘II\I|\II\|\\I\ll\ll‘ll\ll\ll\
10 0 0.010.020.030.04 0.050.06 0.07 0.08 0.09 0.1 0.1 02 03 04 05 06 0.7 08 09 1
Momentum Transfer t’ (GeVz/cz) Momentum Transfer t* (GeV%/c?)
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Example:| g~ 4+Pbo n " +Pb n

« 4t vertex in Pb target 7. T

* Exclusivity = target stays intact
 Momentum transfer

2 2
~t=0" =-(p,-p.) Pb
: - [ . .
3r invariant mass Diffraction on nucleons
U 3.50 z
% - a,(1320) COMPASS 2004 2 i COMPASS 2004
s 3 TPb — T tPb & Pb — T Ph
v - 0.1 <t < 1.0 GeVc? B X
~ 2.5- a,(1260) g 10°E
a4 - o C
S 2; § L
LE E TCZ( 1 670) Z. : "‘wm
L5 i :
lz— 102:_
0.5 -
C N T 0 I T T T A A AT BT
OO"' 0.5 "1""1‘.5""5""2.5' 3 0.1 02 03 04 05 06 07 08 09 1

s 2,2
Mass of T+ System (GeV /Cz) Momentum Transfer t” (GeV-/c?)
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N>

. Consider 3-body decay for fixed my:
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t@g Analysis Inelastic Final State Il

Consider 3-body decay for fixed my: Dalitzplot

X- - 7-C1_7t2_7c+ :\53‘5: jm,_-1.672] <0259 (GeV/c?) COMPASS 2008
@ p > TP
7t1 7ty are not distinguishable £t
bUiIt m 7'C1—7'C+ and m 7'C2_7t+ E)Z’E (21% of 2008 data)
Enhancements are sign for ® F
. . ;
decay into isobars IIlT”E
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t@g Analysis Inelastic Final State Il

Consider 3-body decay for fixed my:

X = mimomt
7T1 7o are not distinguishable
built m m ot and m T, Tt

Enhancements are sign for
decay into isobars

(5 MeVic )

Events

Massof ' x

Freitag, 29. April 2011
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t@g Analysis Inelastic Final State Il

Consider 3-body decay for fixed my:

X = nimem T
7T1 7o are not distinguishable
built m m ot and m T, Tt

Enhancements are sign for
decay into isobars Target

Analyze angular distributions
— full information about

all partial waves in decay J©'“M¢€[isobar|L
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Analysis Inelastic Final State Il

Consider 3-body decay for fixed my:

X = mimomt

-
7T1 7o are not distinguishable

built mnl—n+ and rn7t2—7t+

Enhancements are sign for

decay into isobars Target

Analyze angular distributions
— full information about

all partial waves in decay J©<M¢€[isobar|L

Proceed in 2-step process

- Analyze fixed mass bin: obtain production amplitudes T;
— spin densitiy Matrix

- Combine T; of all mass bins: obtain resonance parameters of
individual J¢
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Wave Set for the Fit

JPEME | L | Isobar w | Cut [GeV]
0—*tot S for 1.40
0~1t0" | S | (77)sm -
o-tot | P pT -
1—T1+* P P -
17roT | S o -
1ttot | P frm 1.20
110t | P | (7w)sm 0.84
1ttot | D P 1.30
1++1+ | s o _
1tr1t | P frm 1.40
1711t | P | (7m)sm 1.40
1t*t1t | D P 1.40
2—1t0* S fom 1.20
2-tot | P P 0.80
2=1t0t | D frm 1.50
2710t | D | (7wm)sw 0.80
2-tot | F P 1.20
2-T1t | S frm 1.20
2-T1t | P pr 0.80
2= *t1t | D frm 1.50
2=F1t | D | (7w)sm 1.20
2-t1t | F p 1.20

JPEMeE | L | lsobar m | Cut [GeV]
2t+1t | P form 1.50
2tT1t | D pT -
370t | S P37 1.50
3ttot | P for 1.20
3*+0*t | D P 1.50
3tT1t | S P37 1.50
3ttt | P fom 1.20
3t+1t | D om 1.50
410" | F P 1.20
4—+1t | F pTe 1.20
AT+1T | F for 1.60
41t | G o 1.64
1-t0~ | P P -
1-t1— | P P -
1Tt1— | S olus -
2-T1™ S fom 1.20
2t+0~ P fom 1.30
270~ | D P .
2T 1~ P fom 1.30
FLAT
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Nuclear Effect - m-n-m+ @
N "

« Compare intensities of a,(1260) and n,(1670) from Pb and H, targets

- Normalise to intensity of a,(1320) (JFCMe = 2++1+)

* Pb target: enhancement of spin projection M=1
suppression of spin projection M=0
» Total intensity (both spin projections) roughly the same
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Nuclear Effect

JU-TT-TT

« Compare intensities of a,(1260) and n,(1670) from Pb and H, targets

- Normalise to intensity of a,(1320) (JFCMe = 2++1+)

* Pb target: enhancement of spin projection M=1
suppression of spin projection M=0

» Total intensity (both spin projections) roughly the same
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Nuclear Effect - m-n-m+

« Compare intensities of a,(1260) and n,(1670) from Pb and H, targets

- Normalise to intensity of a,(1320) (JFCMe = 2++1+)

* Pb target: enhancement of spin projection M=1
suppression of spin projection M=0
» Total intensity (both spin projections) roughly the same
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e )

= 2N .
ﬂ@jo Data with Proton Beam

N>

« Beam: 190 GeV/c, 71.5% p, 25.5% =, 3.0% K

 CEDARSs tagging protons
* Trigger: Recoil proton
« ~10% of total 2008/2009 statistics
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= 2N .
ﬂ@jo Data with Proton Beam

N>

« Beam: 190 GeV/c, 71.5% p, 25.5% =, 3.0% K

 CEDARSs tagging protons
* Trigger: Recoil proton
« ~10% of total 2008/2009 statistics

* Baryon spectroscopy: m, K, p

pp —>pf:rc+n‘ps \Igm/\

pp —» p,K'K ™ p, /\
p
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Data with Proton Beam @

« Beam: 190 GeV/c, 71.5% p, 25.5% =, 3.0% K

 CEDARSs tagging protons
* Trigger: Recoil proton
« ~10% of total 2008/2009 statistics

* Baryon spectroscopy: T, K, p

pp —»prE+J'lS_pS \Igp)/\’

pp —» p,K'K ™ p, /\
p
* Central Production

h.o he,
pp—»prC+J'E_pS (n’I)aI()\/
pp - p,UR IR p, <

_ Ri(P)
p Psic
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Baryon Spectroscopy
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« final states containing charged and neutral particles

» Masses up to ~3 GeV/c? accessible
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P = BN

ﬂ@} Photo-Induced Reactions

DN

- Very small momentum transfer - t < 6:104 (GeV/c)?
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P = BN

T Photo-Induced Reactions
N

- Very small momentum transfer - t < 6:104 (GeV/c)?

- Primakoff reactions
g
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2 i
t@)@ Photo-Induced Reactions

- Very small momentum transfer - t < 6:104 (GeV/c)?
- Primakoff reactions

- Studies performed
- Chiral dynamics
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- Primakoff reactions

- Studies performed
- Chiral dynamics

.- Polarizabilities
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Very small momentum transfer - t < 6:104 (GeV/c)?

- Primakoff reactions

- Studies performed
- Chiral dynamics

- Polarizabilities
- Radiative widths

- Production of resonances

Events after statistical subtraction
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Photo-Induced Reactions

- Very small momentum transfer - t < 6:104 (GeV/c)?
- Primakoff reactions

- Studies performed
- Chiral dynamics

- Polarizabilities
- Radiative widths

- Production of resonances

- Nuclear-Coulomb interference
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T Primakoff 2004
N
5 COMPASS 2004
- TPb b
o
e
Q
Ha)
: ;
> }WA
a,(1260), a,(1320)
contributions
f | | slecor|1d stlep t| S|IC|eS
100 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
@ "Low t'”: 1073 (GeV/c)* < t' < 107%(GeV/c)*  ~ 2000000 events

@ "Primakoff region”:
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t@)@ Nuclear-Coulomb Interference

Consider production of 3z at smallest t < 0.001 on Pb
- Scattering in Coulomb field (Primakoff) (o ~ Z2)
- Photon exchange (JP€ =i1" :m==%1) t<6-10%(GeV/c)?
- Diffractive production (o ~ A2/3)
- Pompon exchange (JP€=0**; m=0) t<1-102(GeV/c)? (here)
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Consider production of 3z at smallest t < 0.001 on Pb
- Scattering in Coulomb field (Primakoff) (o ~ Z2)
- Photon exchange (JP€ =i1" :m==%1) t<6-10%(GeV/c)?
- Diffractive production (o ~ A2/3)
- Pompon exchange (JP€=0**; m=0) t<1-102(GeV/c)? (here)

Resonance production allows separation of processes
- a,(1285) : JF¢ = 1** (Al=1 only via P-exchange for m=0)
- a,(1320) : JFC€ = 2+ (Al=2 dominant via y-exchange via m 1)
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Consider production of 3z at smallest t < 0.001 on Pb
- Scattering in Coulomb field (Primakoff) (o ~ Z?)
- Photon exchange (JP€ =i1" :m==%1) t<6-10%(GeV/c)?
- Diffractive production (o ~ A2/3)
- Pompon exchange (JP€=0**; m=0) t<1-102(GeV/c)? (here)
Resonance production allows separation of processes
- a,(1285) : JF¢ = 1** (Al=1 only via P-exchange for m=0)
- a,(1320) : JFC€ = 2+ (Al=2 dominant via y-exchange via m 1)

. x10° = <10°
; 0-16:— 70" prS +, COMPASS 2004 ’_-; 45 2" on D COMPASS 2004
= 014 o 7t?b—>K"7I‘I~t’Pb | =8 mPb — P
; C + 0.0015 GeV¥/&* < ' = 0.01 GeV¥/c? 2 = 0.0015 GeV¥/c* =t < 0.01 GeV¥/c?
> 0.12F £ =0,0005 GeVF/c = 35F £ <0.0005 Get/c
T . 1
E) 0.1— + é
oonf- : H
- + <F
odf- . a,(1285) 3 |+ @y(1320)
004 I it 1B #
— —_ se= 0:‘_
0.02— + - I = i
C - ~ oF- e #:F:t#t-u—o-*‘
O;Lﬂt+lll ]IIIT—j—T'r*—*HF"'Ll"'lllI|4 i T T N T T T T T S T G T A T I O T N O T A
06 08 1 12 14 16 18 2 22 24 06 08 1 12.>14 16 18 2 22 24
Mass of T 1" ¥ System (GeV/c?) Mass of ' 1 &~ System (GeV/c?)
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Consider production of 3z at smallest t < 0.001 on Pb
- Scattering in Coulomb field (Primakoff) (o ~ Z2)
- Photon exchange (JP€ =i1" :m==%1) t<6-10%(GeV/c)?
- Diffractive production (o ~ A2/3)
- Pompon exchange (JP€=0**; m=0) t<1-102(GeV/c)? (here)

Resonance production allows separation of processes
- a,(1285) : JF¢ = 1** (Al=1 only via P-exchange for m=0)
- a,(1320) : JFC€ = 2+ (Al=2 dominant via y-exchange via m 1)

<210 X1
5 0160 707 pr s COMPASS 2004 - 2087 21" pn D COMPASS 2004
\:: 0.14£ T Pb — nwPb = 18; T Pb — n P
Z 0.12F € <002 Gev?/ie? 'z 16F t <0.02 GeV/e?
g Ulor 126 <m,, < 138 GeV/c? 5 14 126 <m, < 1.38 GeV/c}
E 01" . - ETE :
- . —— Diffraction 125, «—— Primakoff
0.08 10
0.06 E
R a,(1285) a,(1320)
0.04 Ad A s
0.02 —— 2F T
07\ ol b b Ly Pt X10_3 O:w ol Ly T ! ! ! ! X10_3
0 2 4 6 8 10 12 14 16 18 20 60 2 4 6 8 10 12 14 16 18 20
Momentum Transfer t’ (GeV%/c?) Momentum Transfer t” (GeV*/c?)
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Consider production of 3z at smallest t < 0.001 on Pb

- Scattering in Coulomb field (Primakoff) (o ~ Z2)
- Photon exchange (JP€ =i1" :m==%1) t<6-10%(GeV/c)?

- Diffractive production (o ~ A2/3)
- Pompon exchange (JP€=0**; m=0) t<1-102(GeV/c)? (here)

Resonance production allows separation of processes
- a,(1285) : JF¢ = 1** (Al=1 only via P-exchange for m=0)
- a,(1320) : JFC€ = 2+ (Al=2 dominant via y-exchange via m 1)

t~0:
- Ay (Coulomb/diffractive) ~ 909
- diffractive amplitude purely imaginary sk
for t: 0 — 102 Diffraction becomes dominant _s- -
- COMPASS 2004
Coulomb ~ ‘|/t2 -80F .+ 7 Pb — TP
Exchange processes well identifiable ~100 o< <15

- ADQ2"T"prnD - 170" pr S)

Phase (degrees)

1.26 <m,_ < 1.38 GeV/c’

T T T T I e L B
6 8 10 12 14 16 18 20
Momentum Transfer t’ (GeVz/c2)

-120

(e
o
~
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Consider production of 3z at smallest t < 0.001 on Pb
- Scattering in Coulomb field (Primakoff) (o ~ Z2)

- Photon exchange (JP¢ =il-
- Diffractive production (o ~ A2/3)

‘m==1) t<6-10%(GeV/c)?

- Pompon exchange (JP€=0**; m=0) t<1-102(GeV/c)? (here)

Resonance production allows separation of processes

- a,(1285) : JF¢ = 1** (Al=1 only via P-exchange for m=0)
- a,(1320) : JFC€ = 2+ (Al=2 dominant via y-exchange via m 1)

phase [deg]

Freitag, 29. April 2011

150

100

W
(=]

-50

-100

-150

-_ VAL

-

------- Coulomb + strong TA
— — —- strong TA interaction
difference

0.0062 2.009 0.012
q” [GeV’]

0.015

Phase (degrees)

0 - ADQ2"T"prnD - 170" pr S)
+
=20
——
—40F
60
COMPASS 2004
-80[~ o 7 Pb —» P
- ' <0.02 GeV/c?
-100+ 126 <m,, < 1.38 GeV/c’
—120+_,‘HmH\HmH‘\H‘\H‘\Hm‘”m”m”
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T, Chiral Dynamics

t* < 103 (GeV/c)%: photo production in M=1 waves
- Low masses: no resonances, just pion scattering
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t* < 103 (GeV/c)%: photo production in M=1 waves
- Low masses: no resonances, just pion scattering
— tree diagrams from ChPT predictions
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;Q:! Chiral Dynamics @

t* < 103 (GeV/c)%: photo production in M=1 waves
- Low masses: no resonances, just pion scattering
— tree diagrams from ChPT predictions
— loop diagrams

<

+ —
i = e 0 o
“*‘(/’A‘ ~ T \‘"\:_.,\”' T
-z ~b_ o g \k’r
915 \ ~
T \ / S
2 M SR T S - ~ T
) g

‘N. Kaiser, Nucl. Phys. A 848 (2010) 198

Pb Pb
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Chiral Dynamics

t* < 103 (GeV/c)%: photo production in M=1 waves
- Low masses: no resonances, just pion scattering
— tree diagrams from ChPT predictions
— loop diagrams

ChPT Amplitude introduced as single partial wave
- Not orthogonal to waves in isobar model

- Replaces (up to 6) (7r)sw. And pmt waves by single amplitude

ChPT valid (at least) 0.5 GeV/c? < m3x < 0.7 GeV/c?
Higher masses: Isobaric decays T

L . _ v ]
6 total cross section: TY-->T T T —

Glul [Hb]

o — o w IS o
T T
|
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T, Chiral Dynamics

N
% [ COMPASS 2004
> 1 wPb—nTnPb
S GE <000 GeV/e? e
S ~  ChPT Intensity Rl
% 5 - ChPT Prediction A
2 F
B A N.**
g ¥
B 3 :_ . 4 s ’
o) r '¢'
2F ?
C P e - Full Systematic Error
1= *‘ T Luminosity Uncertainty
: 1 1 1 E=E=E—F——4——t—t—t—1— L1 1 i 11 1 i 1 1 ﬁ 11 1
8.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7
Mass of T T " System (GeV/c?)
- Fits nicely.....
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Determine properties of pion i

E
/3~ B

D =
M =
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Determine properties of pion i

E
/3~ B

:D::
M=
AV ~ 10 MV
NNV \V— @
2 [

Charges oscillate ~ 0.1% 7t
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T Polarisabilities
0
Determine properties of pion D= . F
M= 5. B
§ . AV ~ 10 MV

NNV \VV— @
Y T

Charges oscillate ~ 0.1%
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Determine properties of pion P - 4. F
M = BTC B
dory _ o*(°Zi+mp22)  am}(s—mi)®
dQem  S(szy +m2z_)2  48%(sz, +m2z.)
where
2 2\2
S 2 (S_ mw)
P:ZEQW_/BTF +—Z aﬂ'—l_ﬁﬂ'_
Ze =1+ ¢0S bom ( ) n; ol ) 24s

Freitag, 29. April 2011
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G Polarisabilities
A
Determine properties of pion P - 4. F
M = BTC B
dory _ o*(°Zi+mp22)  am}(s—mi)®
dQem  S(szy +m2z_)2  48%(sz, +m2z.)
where
32 0 (S_m2)2 3
P =2 (ar — Br) + —Z5(r + Br) — 77 (a —
Z:|:Z1:|:C0390m ( 6 ) mf; +( 5 ) 245 ( 2 ﬁz)

@ leading (non-pointlike) order: (o — Sx)

— suppression of large E£#°

@ next (“s-dependent”) order: (o, + 5x) and (cg — B2)
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G Polarisabilities
N
Determine properties of pion D= . F
M = BTC B
dory 042(32232r + m;tzi) o« m3 (s — m727)2
dQem  S(szy +m2z_)2  48%(sz, +m2z.)
where
2 22
S 2 (S — mw) 3
P:ZECKW—ﬁﬁ—F—Z ax + PBr) — Z" (oo — f8
2t =14 C0S O ( ) m ( ) ohs (o2 — f2)
3 _ ECALA1 ECAL2
silicon stations SM1 SM2
CEDARs 2009 RPD DD \ /
S | | S==ci TS B S B e | [
C/Ni/W targets D D
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Where to look kinematically ?

- Quality cross check possible within Compass
- Compare 7 and u

- Accuracies possible:
- 2009 data: 30%

- 2012 data: 5-10% (including separation of «- and [3-)

Freitag, 29. April 2011
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Polarisabilities Il

b
P

Where to look kinematically ?

©
>

o
w
W
a

do /dQ,, [ub]
w

o
N
#(RD)/#(MC)

N
(2]

002|||||||||||||||||||||||||||||||||||||||
-~ -08 -06 -04 -02 O 02 04 06 08 1 -0.5

cos 0, 06 065 07 075 08 08 09 095

- Quality cross check possible within Compass
- Compare 7 and u

- Accuracies possible:
- 2009 data: 30%

- 2012 data: 5-10% (including separation of «- and [3-)
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Polarisabilities Il

Where to look kinematically ?

E so-
L [
< a0
° B Leledev
L PA:HF{A+
30— YPpYN®W
| Serpukhov
- Sigma Filkov et al.
20? nZ-onZy Babusci et al. MAMI TY—nr
L I PLUTO, DM1 ypaynn*l
B ] DM2, MARK Il a
10— l Yy->ntw I
WPT eV
07\ I Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il I
1980 1985 1990 1995 2000 2005 2010

year of publication

- Quality cross check possible within Compass
- Compare 7 and u

- Accuracies possible:
- 2009 data: 30%

- 2012 data: 5-10% (including separation of «- and [3-)
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Conclusions

COMPASS has active spectroscopy program
- PWA Tools developed

More refined PWA underway: larger wave set, Deck effect
High statistics (partly > 200 times previous work) in many channels

Results:

Observe consistent signal on exotic x,(1600) in diffraction (3x)

Nuclear dependence of production characteristics (also seen in 2009)
Neutral channels show consistent signals mm%x°

5m analysis ongoing (complex analysis)

Central production analysis in 47 and kaonic channels underway

Baryon spectroscopy may be add on

Primakoff physics reveals many aspects (also new)
Coulomb-nuclear interference

Analysis future: adress high mass region, chiral dynamics,
polarisability (run 2012)
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From Quarks to Hadrons
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04@54 From Quarks to Hadrons

N>

Hadron: colour neutral system of quarks
- Baryon (qqq)

- Meson (qQ) w g

Freitag, 29. April 2011
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04@54 From Quarks to Hadrons

N>

Hadron: colour neutral system of quarks
- Baryon (qqq)

- Meson (qQ) w g

At small energy scales
- QCD not analytically solvable

Freitag, 29. April 2011
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t@g From Quarks to Hadrons

Hadron: colour neutral system of quarks  -effective qq potential
- Baryon (qqq)

- Meson (qQ) w g sl e /(ﬁ}/i“
At small energy scales - x“/x’

- QCD not analytically solvable 05 f o

- Effective degrees of freedom: constituent quarks ™

Coupling quarks with gluon field (99% of p-mass)
m,=my= 310 MeV/c?; m = 485 MeV/c?
Use effective potential
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t@g From Quarks to Hadrons

Hadron: colour neutral system of quarks  -effective qq potential
- Baryon (qqq)

- Meson (qQ) @ g |

At small energy scales
- QCD not analytically solvable

Vy(r)/GeV

1 1 I L L 1 1
02 04 06 038 1 12 14 18

- Effective degrees of freedom: constituent quarks
Coupling quarks with gluon field (99% of p-mass)
= = R — 7. u
m,=my= 310 MeV/c?; m = 485 MeV/c «‘:“ 50
Use effective potential i
O O
- Use symmetries flavour, spin,colour @O ®©
build ,Periodic table‘ of hadrons
@ 00
09 Q)
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o=y
t@g From Quarks to Hadrons

Hadron: colour neutral system of quarks  -effective qq potential

- Baryon (qqq) e

- Meson (qQ) w g sl e /(ﬁ}/i“
At small energy scales - x“/x’

- QCD not analytically solvable 05 f o

- Effective degrees of freedom: constituent quarks ™

Coupling quarks with gluon field (99% of p-mass)
m,=my= 310 MeV/c?; m = 485 MeV/c?
Use effective potential

- Use symmetries flavour, spin,colour
build ,Periodic table‘ of hadrons

- Classify into multiplets

C
Y
Hadron masses are sum of quark masses ‘{
’ |

- Use hyperfine-interaction (spin-spin interaction)
mass spectrum surprisingly well described
Freitag, 29. April 2011 31
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-+ Isospin partner to i-p — mm+-p

- Consistency check
- Different isobars in decay chain
- Isospin information

a,(1320)

,(1670)

COMPASS 2008

Tp =TT D

0.1 GeV¥e? < t' < 1.0 Gev¥?
w/0 acceptance correction

{21% of 2008 data)

4000 x10°
= - 3,(1320) COMPASS 2008 0.12—
4 - (10% of 2008 data) B
= 35000 e -
o . ip = innp o1
-; 3000,:_ no acceptance correction : : al ( |2()0)
@ -
o — L
S 2500 0.08—
2000 0.06—
- 1,(1670) -
1500 C
- 0.04—
1000 1’ i
500 - 0.02—
% 05 1 15 2 25 3 35 4 45 b 0 I

inv. mass of 77 system [GeV/c]
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-+ Isospin partner to i-p — mm+-p

- Consistency check

- Different isobars in decay chain
- Isospin information

L 14000
E - P CO(MPAfSS 2;)03)
I 10% of 2008 data
12000
= B Tp—EtRp
-; B no acceptance correction
£ 10000
Q@ L
3 B
80001
6000
4000 )/
o / \\
_llIIIIIIIIIlllllIII'|I||-|I I"'
9095 1 15 2 25 3 35

inv. mass of both 77 system [GeV/c]
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3x Final State: «-p - wt—n0nop

inv. mass of7 system [GeV/c]

oy 4000
3 ok
f 35005— a{1260)
~ 3000
£ :
$ 2500
@ -
2000
15003—
10002— lf
5003_
(h_ 05 1
?b —
! COMPASS 2008
% IS (10% of 2008 data)
= 25001 1fp—)1f7runup
.:; : no acceptance corvection
e x
@ 2000 (980)
&=k
15001
C 11270)
1000
500:_ \\\
_llIIIIIII|IIII|IIII|IIII|1 ]“‘
R e 10 2. DB

2,(1320) COMPASS 2008
(10% of 2008 data)
ip - invp

no acceptance correction

,(1670)

15 2 25 3 35 4 45 b
inv. mass of 7 system [GeV/c]]
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-+ Isospin partner to i-p — mm+-p

- Consistency check

- Different isobars in decay chain

- Isospin information

— use a, : normalization
- Example: a,

X 10

3000

2500

2000

Events/40 MeV/c?

1500
1000
500

0

Freitag, 29. April 2011
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..._ @ -+ (charged mode)
L - o ' (neutral mode)
C t
T i
3 a, — pI
C 3
: %
. .
[ +
L . T
- -
- = .
P N 1 L PM - ‘l—=
0.5 0.75 1 1.25 1.5 1.75 2 2.25 22.5
GeVic

JPOME =271 p(770) T D

Events/40 MeV/c?

3x Final State: «-p - wt—n0nop

events / 10 MeV/¢

2000
1500
1000

500
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4000
3500
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2500
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05

2,(1320) COMPASS 2008
(10% of 2008 data)
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no acceptance correction
m,(1670)

15 2 25 3 35 4 45 b
inv. mass of 7 system [GeV/c]]

3500
3000 [

2500 [~

1500 [
1000 [

500 [
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I~
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t
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Y
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3x Final State: «-p - wt—n0nop

-+ Isospin partner to i-p — mm+-p

- Consistency check

- Different isobars in decay chain

- Isospin information

— use a, : normalization
- Example: a,
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@ -+ (charged mode)
o ' (neutral mode)
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ST T
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@’g Conclusions

COMPASS has active spectroscopy program

- PWA Tools developed
- More refined PWA underway: larger wave set, Deck effect
- High statistics (partly > 200 times previous work) in many channels
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- More refined PWA underway: larger wave set, Deck effect

- High statistics (partly > 200 times previous work) in many channels

Results:

Observe consistent signal on exotic x,(1600) in diffraction (3x)

Nuclear dependence of production characteristics (also seen in 2009)
Neutral channels show consistent signals mm%x°

5m analysis ongoing (complex analysis)

Central production analysis in 47 and kaonic channels underway
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COMPASS has active spectroscopy program
- PWA Tools developed

- More refined PWA underway: larger wave set, Deck effect
- High statistics (partly > 200 times previous work) in many channels

Results:
- Observe consistent signal on exotic x,(1600) in diffraction (3mx)

- Nuclear dependence of production characteristics (also seen in 2009)
- Neutral channels show consistent signals & m%x°

- 5manalysis ongoing (complex analysis)

- Central production analysis in 4@ and kaonic channels underway

- Baryon spectroscopy may be add on

- Primakoff physics reveals many aspects (also new)
- Coulomb-nuclear interference
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Conclusions

COMPASS has active spectroscopy program
- PWA Tools developed

More refined PWA underway: larger wave set, Deck effect
High statistics (partly > 200 times previous work) in many channels

Results:

Observe consistent signal on exotic x,(1600) in diffraction (3x)

Nuclear dependence of production characteristics (also seen in 2009)
Neutral channels show consistent signals mm%x°

5m analysis ongoing (complex analysis)

Central production analysis in 47 and kaonic channels underway

Baryon spectroscopy may be add on

Primakoff physics reveals many aspects (also new)
Coulomb-nuclear interference

Analysis future: adress high mass region, chiral dynamics,
polarisability
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Constituent Quark Model Il

Spectrum light mesons:

b v=n+L-1

k
= e
@v
i [

7(1300) p(1450)
(1) ©(1420)
350=0""  35;=1 "
P o(770)
0 . K*(892)
n ®(782)
n $(1020)
1 -+ 3q _q—-

IR = IR TR &
1P2—2 1P1 =] 25+n1L _ PC
a»(1320) a1(1260) J
K-*(1430) ||K1a

f5(1270) f1(1285)

f>'(1525) f1 (1420)

a((1450) b1 (1235)

K o*(1430) K1p

f(1370) h1(1170)

f3(1710) h1(1380)

3 ++ 1 +-

L

2

Freitag, 29. April 2011

.

C. Amsler et al., Phys. Rept. 389, 61 (2004)
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P Meson-Spectroscopy @

A

N

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

O=() (99),
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t@g Meson-Spectroscopy @

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

OO o QCD: different colour neutral combinations
(99)0 with equal quantum numbers =>mixing
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A

N

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

OO o QCD: different colour neutral combinations
(99)0 with equal quantum numbers =>mixing

+
O=0 O=0O (99)(99)

Freitag, 29. April 2011
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A

N

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

OO o QCD: different colour neutral combinations
(99)0 with equal quantum numbers =>mixing

+
O=0 O=O (99)(qq)
+
ONO (99)s8

Hybrids

Freitag, 29. April 2011
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A

N

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

OO o QCD: different colour neutral combinations
(99)0 with equal quantum numbers =>mixing

+
O=0O O=0O (499)(q9)
+
AN\O (99): 8
+ Hybrids
— gg

Glueballs
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N

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

OO o QCD: different colour neutral combinations
(99)0 with equal quantum numbers =>mixing

+
O=0O O=0O (499)(q9)
+
AN\O (99): 8
+ Hybrids
— gg

Glueballs
+ ... dynamics

Freitag, 29. April 2011
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Meson-Spectrosco @
0. P PY _

Quark model: bound states of qq
® Quantum numbers: I (JF€)

P=(-1)*1, C=(-1)*s, G=(-1)+I+s

OO o QCD: different colour neutral combinations
(99)0 with equal quantum numbers =>mixing

+
O=C0 O=C (4g9)4q9)

+
OO (99 )58 Decoupling only possible for

+ Hybrids - narrow states
— gg - No leading gg term

Clueballs = spin-exotic J’¢: 077,077,177,27,...

+ ... dynamics

Freitag, 29. April 2011 35



t@g Analysis Inelastic Final State IV

Decay amplitudes 1 i(t, m) calculable

- 3 variables for each 2-body vertexm,,,...(6,¢) in mother r.f.
- 3m decay: m,{6,, 4y, 1y, OByt =7

- contain angular distributions and isobar parameterizations

7~ (beam) 7 ~(bachelor)

€ = +: natural

parity exchange

€ = —: unnatural
parity exchange

target recoil

Freitag, 29. April 2011
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Hybrids

Sector light mesons : exotic J7¢=1-";
. ,(1400) (VES, E852, Crystal Barrel)
. 1,(1600) (E852, VES)
. 7;,(2000)

still disputed...

Freitag, 29. April 2011

37



A

E AN
ﬂ@ﬁ Hybrids

N

Sector light mesons : exotic J7¢=1-";
. ,(1400) (VES, E852, Crystal Barrel)
. 1,(1600) (E852, VES)

. 11,(2000)

still disputed...
17 [pIP I

[
wn
&
—

1000 *
ﬁ

500} | +++}~ H+

1.0 15 2.0
M(3r) (GeV/c?)

Events / 0.04 GeV/c?

[S.U. Chung et al., PRD 65, 072001 (2002)]
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Hybrids

Sector light mesons : exotic J7¢=1-";

R
. 7;(1400) (VES, E852, Crystal Barrel) WBB
. t,;(1600) (E852, VES)
. 1t,;(2000)
still disputed... 17H1% P-wave
17 [pIP 1 . . !
U A highwav 35 waves
v, 1500} b) S 154 A Iowwaver;) waves [
ST 8
= 1000} |/ ‘H \’ N 10 i
: sl +l ++*} iﬁﬂﬂ@kﬁ}
: _t..+| | H+++++n+ % H}I%éé ﬂ
1.0 15 2.0 0 +

M(3n) (GeV/c?) N M[37t] GeV/c

+
P
1
il [l
L
==

[S.U. Chung et al., PRD 65, 072001 (2002)]

[A.R. Dzierba et al., PRD 73, 072001 (2006)]
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Hybrids

Sector light mesons : exotic J7¢=1-";

R
. 7;(1400) (VES, E852, Crystal Barrel) WBB
. t,;(1600) (E852, VES)
. 1t,;(2000)
still disputed... 17H1% P-wave
17 [pIP 1 . . !
U A highwav 35 waves
v, 1500 b) S 154 A Iowwaver;) waves [
RN
s 1000} i H \ S 10- { 2
3 | i H s ﬂ{J
£ A E@-‘}% H}
a _tu+ 1 1 “MH|+++++++¢‘+ 7 : #
1.0 15 2.0 0 ‘Féﬂ

M(3n) (GeV/c?) N M[37t] GeV/c

+
P
1
il [l
L
==

[S.U. Chung et al., PRD 65, 072001 (2002)]

[A.R. Dzierba et al., PRD 73, 072001 (2006)]

= COMPASS

Freitag, 29. April 2011
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u@@ Analyse Inelastic Final State Il

Mass-Independent PWA

@ Fit angular distributions + isobar systems
in independent mass bins

777 ) Wi(r,m)

@ Production amplitude

® t'-dependence (helicity “flip”)
® Decay amplitude (Helicity formalism, reflectivity basis)

Freitag, 29. April 2011
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oM Analyse Inelastic Final State Il

1
N

Mass-Independent PWA

@ Fit angular distributions + isobar systems
in independent mass bins

N,
o(r,m)= > > |> [ Tielm) f(t) ¥i(r.m)

@ Production amplitude

® t'-dependence (helicity “flip”)
® Decay amplitude (Helicity formalism, reflectivity basis)

Example:

Freitag, 29. April 2011 38



oMy  Analyse Inelastic Final State Il

N

Mass-Independent PWA

@ Fit angular distributions + isobar systems
in independent mass bins

2
€= ﬂ:1 r= 1
@ Production amplltude
@ t'-dependence (helicity “flip”)
® Decay amplitude (Helicity formalism, reflectivity basis)
Example: e
Obtain info about:

X2 ) > £1275)n £,(275) > nn

Im(T,), Re(T)), |T,|
Ti (E) o Ti (mx)

Make hypothesis about all i — fit
Vary hypothesis

Freitag, 29. April 2011 38



t@'@ Analyse Inelastic Final State Ill

Mass-Independent PWA

@ Fit angular distributions + isobar systems
in independent mass bins

Ny
0(7_7 m) — y: y: y: Tli(m) fie(t/) W(T» m)

@ Production amplitude

® t'-dependence (helicity “flip”)
® Decay amplitude (Helicity formalism, reflectivity basis)

Mass-Dependent 2 fit — Extract Resonance Parameters

® Parameterization of spin-density matrix elements » ~ T; T5*(my)
r
@ Takes into account interference terms

@ Coherent background for some waves

Freitag, 29. April 2011 38
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Zukinftige Arbeiten

n'® an ® myy
n'® ann ® anaan’ ® oy
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P
1
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o) Zukunftige Arbeiten
N

COMPASS allows study of multiple final states
- Photons:e.g. 1n'® i ® myy

n'® ann ® anaan’ ® oy
- Allows search for glue-rich states

- Kaons: e.g.

m(n*n ) withn -> 2 hmpipieta

| ( ln) i i Entries 678002
Mean 1.899
RMS 0.6787

GeV
~l (o]
(=] (=)
o o
o o

6000

entries/0.006

N
(=1
(=4
o

4000

3000

2000

1000

/f
f
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Zukinftige Arbeiten
N

COMPASS allows study of multiple final states
- Photons:e.g. 1n'® i ® myy

n'® ann ® anaan’ ® oy
- Allows search for glue-rich states

- Kaons: e.g. a, ® K k#
O® KK~
K ® K'm

Freitag, 29. April 2011
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Zukinftige Arbeiten
N

COMPASS allows study of multiple final states
- Photons:e.g. 1n'® i ® myy

n'® ann ® anaan’ ® oy
- Allows search for glue-rich states

- Kaons: e.g. a, ® K k#
O® KK~
K ® K'm
Reaction: p p —ps X p.

- central production of X°
- diffractive production of N*

Freitag, 29. April 2011
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LA

ﬁ@fﬁ Gluebille in zentraler Produktion

Leichteste Glueballe:
- M ~1.7GeV/c* (J =0")
"M ~2.4GeVic® (J7C =2%)

Freitag, 29. April 2011
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N
ﬁ@fﬁ Gluebille in zentraler Produktion
Leichteste Glueballe:

- M ~1.7GeV/e* (J™ =0")

"M ~24GeV/c* (JC =2")

Experimentelle Kandidaten

. f,(1500) (Crystal Barrel, WA102)

JPC=0" = Mischung mit isoskalaren
Mesonen

Freitag, 29. April 2011
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t»@@ Glueballe in zentraler Produktion

Leichteste Glueballe:

- M ~1.7GeV/c* (J =0")
"M ~24GeV/c® (J7C =2")
Experimentelle Kandidaten

. f,(1500) (Crystal Barrel, WA102)

JPC=0" = Mischung mit isoskalaren

Mesonen
4 [WA102, Phys. Lett. B479, 59 (2000)

Events / 0.08 GeV

1.25 1.5 1.75 2 2.25 2.5
M(nm) (GeV)
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Le

- M ~1.7GeV/e* (J™ =0")
"M ~24GeV/c* (JC =2")

ichteste Glueballe:

Experimentelle Kandidaten
. f,(1500) (Crystal Barrel, WA102)

JPC=0" = Mischung mit isoskalaren

N N -+~
O O O
O O O

Events / 0.08 GeV

()
()

Mesonen

1[WA102, Phys. Lett. B479, 59 (2000)

SS

1.25 1.5 1.75 2 2.25

M(nm) (GeV)

Freitag, 29. April 2011

@f’ Glueballe in zentraler Produktion @

| all KsKs: mass of KK system |

hmKK

Entries 3295

2140 :_ EM? 0?5333
%1202— ﬁH }[ KSKS
Z100F H
Wy o
o 1y
a0l | bt 'ﬁ
- f
205 + HHJrthj-ertfﬁtj+JrJfJf+++JDf++JG,+’r++++++++++++++ LA
LS S S oo
z F COMPASS 2008
3 ﬁ # Hh
200;— J( ﬂ J[ Hﬂ
of b
100§— i J&
- 4
N E_ ++++H++++H My

Invariant Mass KK System (Gc\")-

~ 10% der Statistik
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Coupling to Strangeness
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Coupling to Strangeness

(99),
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0»1@54 Coupling to Strangeness

N>

Quantum numbers and flavour content of a state is relevant

(99),

Freitag, 29. April 2011
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o™ Coupling to Strangeness

1
N~

Quantum numbers and flavour content of a state is relevant
Classification into multiplet: identification of a state

(99),

Freitag, 29. April 2011

+
P
1
il [l
L

==

41



gy -
t@g Coupling to Strangeness

Quantum numbers and flavour content of a state is relevant
Classification into multiplet: identification of a state
Structure: hybrid, molecule, simple (gq),

Freitag, 29. April 2011
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t@g Coupling to Strangeness @

Quantum numbers and flavour content of a state is relevant
Classification into multiplet: identification of a state
Structure: hybrid, molecule, simple (gq),

Decay-scheme (e.g. coupling to strange-quarks)
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t@g Coupling to Strangeness

Quantum numbers and flavour content of a state is relevant
Classification into multiplet: identification of a state
Structure: hybrid, molecule, simple (gq),

Decay-scheme (e.g. coupling to strange-quarks)
Consider diffractive production

T p® IZK:rm‘p_ i
Endzustand: K°K*nn~ und K K’

Physics Letters B 323 (1994) 227-232

e North-Holland
sy 600f ~
> f,(1285) / m Lo b
= 500 1295) ? |
= (1299) S20f  BNL W+
. 2 B AR
2400: f,(1420) / n, o200 F + + +
° (1405) ? P’ t M
300 <160}
| Q
B l:’120 H
200
B 80 F
100
[ 40 F
q-llll IllIlIIIIIIIlIIllIIIIIl[IIlII
A 12 13 14 15 16 1.7 1.8 01 I S B E I S I

inv. mass of (K‘I?’)-:f, a0 region system [GeV/d]] (0) K KO moss(GeV/cz)
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B : '
Diffractive Baryon Production (pm+m-)!

Baryon spectroscopy in

- ntiN scattering P
- yN polarized scattering (Bn, Mz)
Limitations:

- Coupling to photons

- Mass M < 2.5 GeV

Freitag, 29. April 2011
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t@g Diffractive Baryon Production (pnm—)@

Baryon spectroscopy in

- niN scattering

- yN polarized scattering (Bn, Mz)
Limitations:

- Coupling to photons

- Mass M < 2.5 GeV

Eindrucke einer

Analyse COMPASS can create high masses

—— Ca. 15% of statistics

PWA formalism being developed

M(pmm*)

—IlllllllllllllllllllllllllllllllllIlllIIllllllIll
I L1 12 13 14 15 16 1.7 18 19 2

M(p)
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t@g Diffractive Baryon Production (pnm—)@

Baryon spectroscopy in

- niN scattering

- yN polarized scattering (Bn, Mz)
Limitations:

- Coupling to photons

- Mass M < 2.5 GeV

x10° x10’
2 40 ) COMPASS 2008 = 18 A°(1520) COMPASS 2008
C %1232 . 2 - AdIe -
§ = A'(1232) PP PP, f L6 pp—)prKpS
S 35 N(1440) not acceptance comrected i’:. ’ — not acceptance corrected
v - w3 |
5. r 5 14
2 30 2 F .
g 12f- Mit Strangeness !
250 N(1650) -
E 11—
- A(1700 -
20F ( ) -
- 08 A/Z(1677)
B 0.6 l A(187)
10:— 04:_ M
— — ‘s
SE 02— wdﬂ;%
0:||1|||1||11||1|||||||||1||||1||||1| 0_|||||||||||||||||||||||||||||||||||||||
1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 1 1.2 14 1.6 1.8 2 22 24 26 2.8 3

Invariant Mass of p T System (GeV /'cz)~ Invariant Mass of pr‘ System (GeV/c?)
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COMPASS in 2008

3
= sm2

= =

& -
£33 =2 B
SM1 ME 2

RICH-1 2 3

g
=2
mn -
Upstream vetoes [ m ‘g
=

Pixel GEM

o

cell 4L

CEDARS ‘ ﬂ

|
|
1

Beam killer

=

\ J
beam identification ﬂ

Silicons
|T1rget

Beam trigger ¢+

—
J @]
Silicond| ™ .
—F=__ Pixel GEM
I s FECALL
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COMPASS in 2008

E
T sM2 e~
S35 2 Es
£3 5 2 8 F
SM1 Eé = 3
RICH-1 9 3
FE
g
e n
Upstream vetoes TOF 2 ] [ 1 m z
l X el I "\
CED ARS ﬂ _é I | Pixel GEM et
" [ w "l"k e b
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20 S 20 =
= = |ET =
= @ |f == n g
g ! A
&
Liquid Hydrogen
target system Sandwich Veto
|||*
T C >
Upstream Veto = - / J"
TOF scintillators
4 == \ - =
i S [
| | | ‘ _ lf___lﬂ | |] | . Acceptance
4 I /
p —4—"7 +/— 180 mrad
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o
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CEDARS

beam identification ﬂ

COMPASS in 2008
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EEE—
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Beam trigger ¢+

=
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o
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|I
==
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Upstream Veto

Silicon Microstrip
Detectors

Im

<«
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I RPD Geposted energy in B vs beta for A & and S 16

RPD_beinbagb16

Entries 1492
gxoc [ Mean x ©.4a89
uE_. o Meany Sa3.7
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COMPASS in 2008
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oMMy PWA Technique @

7t~ (bachelor)

- - high s: t-channel Reggeon exchange
- Reflectivity basis in G-J frame
. ¢ =1 of Regge trajectory

€= +: natural
parity exchange

€= —: unnatural
parity exchange

.- Isobar model

target recoil
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LA

. PWA Technique &

N

1t ~(bachelor)

- - high s: t-channel Reggeon exchange
- Reflectivity basis in G-J frame
. ¢ =1 of Regge trajectory

7t~ (beam)

€= +: natural
parity exchange

€= —: unnatural
parity exchange

.- Isobar model

target recoil

1. Mass-independent PWA of angular distributions in 40 MeV mass bins
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P = BN

(. PWA Technique &

N

7~ (beam)

7t~ (bachelor)
- - high s: t-channel Reggeon exchange

- Reflectivity basis in G-J frame
. ¢ =1 of Regge trajectory
- Isobar model

€= +: natural
parity exchange

€= —:unnatural

parity exchange

target recoil

1. Mass-independent PWA of angular distributions in 40 MeV mass bins

Oindep(r) = 212 EZN): (T )/\/ﬂlpf (T')

- T,# production amplitudes - determined by fit

2

2 /
dar

.42 partial waves i = JFCEMe[...]L
[...] = isobar: (un), [,(980), p(770), [5(1270), p5(1690)
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P = BN

() PWA Technique &

N

7~ (beam)

1t ~(bachelor)

- - high s: t-channel Reggeon exchange
- Reflectivity basis in G-J frame

. ¢ =1 of Regge trajectory

- Isobar model

€= +: natural
parity exchange

€= —: unnatural
parity exchange

target recoil

1. Mass-independent PWA of angular distributions in 40 MeV mass bins

2. Mass-dependent 2 fit to results of step 1
- 6 waves
. Parameterized by BW (incl. barrier factors and I'(m) )
- Coherent background for some waves
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T -retre- in 2008 @

N

- 190 GeV/c hadron beam
- Target: 40cm liquid hydrogen t-p (¥ Tttt P
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g n-m+- in 2008 @

A\ A

N

- 190 GeV/c hadron beam

- Target: 40cm liquid hydrogen t-p (¥ Tttt P

. Diffractive dissociation: 96% =, 3.5% K-, 0.5% p
. vp > m(1600) p, =;(1600) > 3x: 200000 events expy”
- >200 times statistics of 2004 data
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LA

. - in 2008

A\

N

- 190 GeV/c hadron beam

- Target: 40cm liquid hydrogen t-p (¥ Tttt P

. Diffractive dissociation: 96% =, 3.5% K-, 0.5% p
. vp > m(1600) p, =;(1600) > 3x: 200000 events expy”
- >200 times statistics of 2004 data

_ x10°
“'-3 0.12 a,( 1320) COMPASS 2008
> Tp—=TARp
= l 0.1 GeV3/c <t < 1.0 Gev¥/c?
% 0 a l( I 2()0) w0 acceptance correction
§ (21% of 2008 data)
Z 0.08

IIIIIIIIIIIIIIIIIIIIIIII

0.06 T, 1670)
0.04 Very Preliminary
0.02
0 L 1 PR TN T TN [N T T TN T (N TN S T Lo : SS——
0 1 2 3 - 5 6

Mass of 7 7 t* System (GeV/c’) see talk by S. Neubert
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n-mrre- in 2008

- 190 GeV/c hadron beam

- Target: 40cm liquid hydrogen t-p (¥

-7+ P

. Diffractive dissociation: 96% =, 3.5% K-, 0.5% p

. tp > w,;(1600) p,
- >200 times statistics of 2004 data

Freitag, 29. April 2011

Squared Mass ( mi_x ) of the A" System (GeVich)

35
u . . COMPASS 2008
m__- 1.672] < 0,130 (GeVic®) . et
[ £ Tp 2> AT P
3—
0.1 GeVi/e? < 1 < 1.0 Gevlic?

w/o acceptance corection

(21% of 2008 data)

preli .

O.III 1 11 11 I IIIIII
0 0.5 1 lﬁ 2 "* 3 ?5

Squared Mass (m®_ ) of the x' =’ System (GeV/c)

Dalitz plot around m,(1670)

7,(1600) > 3m: 200000 events expy”

see talk by S. Neubert
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- 190 GeV/c hadron beam
- Target: 40cm liquid hydrogen t-p (¥ Tttt P
. Diffractive dissociation: 96% =, 3.5% K-, 0.5% p
. vp > m(1600) p, =;(1600) > 3x: 200000 events expy”

- >200 times statistics of 2004 data
- PWA has started
-1 High statistics requires perfect understanding of physics
-Deck effect (under study)
-Up to date parametrization of mx scattering

see talk by S. Neubert
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. - in 2008

A\

N

- 190 GeV/c hadron beam
- Target: 40cm liquid hydrogen t-p (¥ Tttt P
. Diffractive dissociation: 96% =, 3.5% K-, 0.5% p
. vp > m(1600) p, =;(1600) > 3x: 200000 events expy”

- >200 times statistics of 2004 data
- PWA has started
-1 High statistics requires perfect understanding of physics
-Deck effect (under study)
-Up to date parametrization of mx scattering

- First result: compare production on proton and lead
- m-population is different: Pb prefers higher m values

see talk by S. Neubert
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(Central) production wt-p

Search for exotics - e.g. w(1400) {¥] nn
- Seen by E852 exp. in 1997 nt-p ] nm pat 18 GeV/c
- Confirmed by CBAR exp. in 1998 in pd = aN7P,0c1a10r-
W] n'n n at18GeV/c

- Questioned by Dzierba et al.in 2003in t-p
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(Central) production wt-p

Search for exotics - e.g. 7(1400)
- Seen by E852 exp. in 1997 nt-p ] nm pat 18 GeV/c

- Confirmed by CBAR exp. in 1998 in pd = aN7P,0c1a10r-
- Questioned by Dzierba et al.in 2003in 7i-p [¥] nn n at18GeV/c

Diffractive production:

N
a
o

Entries/40 [MeV]

200
150
100

50

Freitag,

7,(1800)
7(1880)

COMPASS
42% of 2008 DATA

TPp—=TNMpP

29. April 2011

Entries/40 [MeV]
(4]
o
o

¥] T

a;(980)

a;(1320)

COMPASS
42% of 2008 DATA
TPp—=TnNnp
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(Central) production t-p |

. Search for glueballs - e.g. f,(1500)

- So far:
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(Central) production wt-p

Search for glueballs - e.g. f,(1500)

- So far:n [¥

1Y

Central Production assumed:
- Structure consistent with f,(1500) observed

- > 10 times statistics of WA102

\ WA102
.;.200 - cz’ﬁmmon n-decays

(D} |

E <}'|
o 190 | '+
> Tl

2 100 —HH}H ﬂ

LE =N _"" I"\#

0 _“; 1 M
1 2

Freitag, 29. April 2011

W

nm

f (1500)

COMPASS
42% of 2008 DATA

TpPp—=nTnNmp

llIIIIII llllll
1 12 14 16 138

2 2

IIIIIIIIIIIIIIII
24 26 28 3

32 34
m,,, [GeV]
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oM Multi x final states np
N

Access my > 2 GeV/c?

U

COMPASS 2008
PN _TRATT P

(13% of 2008 data)
not acceptance corrected

Events/l0MeV/c?

llllIlllllllllllllllIllllllIllllllllllllllllllll?_(.

oo

1 2 3 4 5 6 7 8
Invariant Mass of 5t System (GeV/c?)

see talk by S. Neubert
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oW Multi = final states n-p [¥
N

Access my > 2 GeV/c?
Understand mass range m,[¥] [1.6-2] GeV/c?

- Start with existing observations
- Study =, (1600)

- Study =(1800)

COMPASS 2008
TpoOm RN
nm(l} of 2008 data)

Events/l0MeV/c?
= N w Fa
TTTTTTTTITTTITITTITITTITTITTITT llllllll

—
TTTTTT

0.5F

0 1 2 3 4 5 6 7 8
Invariant Mass of 5t System (GeV/c?)

see talk by S. Neubert
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o) Multi & final states m-p |
N

Access my > 2 GeV/c?
Understand mass range m,

W

- Start with existing observations

- Study =, (1600)
- Study =(1800)

Freitag, 29. April 2011

[1.6-2] GeV/c?

Cut 47 spectrum:

Number of Entries

oo — o w S w (=)} ~ [e5] O

—
o
[

COMPASS 2004

nPb—onrnnnm Pb
Several Entries per Event

Bins in t’ (GeV*/c?)

[ o<+ <0.005

1 15 2 25 3
Invariant Mass of Tt Subsystem (GeV/cz)

W IIIIIIIIIllIIIlIIIIlIIII]IIIIlIIIIIIIIIIIIIIIIII X

see talk by S. Neubert
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. Access my > 2 GeV/c?
Understand mass range m,

W

- Start with existing observations

- Study x, (1600)
- Study =(1800)

Use high mass isobars
- by, f;, M7, p(1450).....

Freitag, 29. April 2011

[1.6-2] GeV/c?

see talk by S. Neubert
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oM Multi x final states np
N

. Access my > 2 GeV/c?
Understand mass range m,

W

- Start with existing observations

- Study x, (1600)
- Study =(1800)

Use high mass isobars
- by, f;, M7, p(1450).....

Combinatorics is huge
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[1.6-2] GeV/c?

see talk by S. Neubert
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oM Multi x final states np
N

. Access my > 2 GeV/c?

Understand mass range m,[¥] [1.6-2] GeV/c?

- Start with existing observations
- Study x, (1600)

- Study =(1800)

Use high mass isobars
- by, f;, M7, p(1450).....

Combinatorics is huge
Model dependence to be
investigated

see talk by S. Neubert
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A8 -
oM Multi x final states np
N

. Access my > 2 GeV/c?

Understand mass range m,[¥] [1.6-2] GeV/c?

- Start with existing observations
- Study x, (1600)

- Study =(1800)

Use high mass isobars
- by, f;, M7, p(1450).....

Combinatorics is huge

Model dependence to be
investigated

PWA being started - high statistics

see talk by S. Neubert
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Search for scalar and tensor glueballs (f, and f, family)
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Search for scalar and tensor glueballs (f, and f, family)
. WA102: f,(1370), f,(1500), f,(2000) and f,(1950)
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entral production n-p [¥] n-rn-ntn-p &

Search for scalar and tensor glueballs (f, and f, family)
. WA102: f,(1370), f,(1500), f,(2000) and f,(1950)

Complete exclusive kinematics selected

Freitag, 29. April 2011

50



entral production n-p [¥] n-rn-ntn-p &

Search for scalar and tensor glueballs (f, and f, family)
. WA102: f,(1370), f,(1500), f,(2000) and f,(1950)

Complete exclusive kinematics selected

Select (), THA—TT+7T— (Pgi00 )
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03@5( entral production n-p ¥ n—nm—ﬂ:m—p@

Search for scalar and tensor glueballs (f, and f, family)
WA102: f,(1370), f, (1500), f,(2000) and f,(1950)

. . . Pk GOMPASS 2008
Complete exclusive kinematics selected s« f e
<E ast -

Select (), THA—TT+7T— (Pgi00 )

Compass has ~100 times stastistics of WA “
- WAT02: pp collisions only _ j

wrSTETS PETETEN APETETEN SUETEN SPUTETE ATUAT { JATATN A
-1 L8 06 -04 -02 0 0.2 04 06 08
%, 0f

- COMPASS : mp and pp collisions

1
.

.!.10'
§ F COMPASS 2008
& 30— TP — M, U TP
E mt;a;;;r:m.i
st central -+
20
15E /

10
5=
C %X,
0 1 | 1 Pl Pl T

EFETENE ITRTEE BEETAE B 'l P N
-1 08 06 04 02 0 02 04 06 08 1
%, of the 4x Subsystem

see talk by J. Bernhard
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o"sCentral production n-p [¥] n-wt-mn-p 8

Search for scalar and tensor glueballs (f, and f, family)
WA102: f,(1370), f, (1500), f,(2000) and f,(1950)

Complete exclusive kinematics selected

Select (m-)ryq, THT—TT+7T— (P00 )

Compass has ~100 times stastistics of WA102

x10°

% - WATOZ: pp collisions only COMPASS 2008
® ollisions’
N 5 ~10% of np data

& -

s g
\ ;_

N C

-+ L -

= I I I I I E

(I>) O | | | | | 00 0.5 1 L5 225 3 ISISI = IAIII = l4.I5I - I)S
L[_] O ‘ 5 I 1 ‘ 5 2 2 ‘ 5 3 5 ‘ 5 Invariant Mass of the 41 Subsystem (GeV/c™)

see talk by J. Bernhard
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Search for scalar and tensor glueballs (f, and f, family)
WA102: f,(1370), f,(1500), f,(2000) and f,(1950)

Complete exclusive kinematics selected

Select (), THA—TT+7T— (Pgi00 )

Compass has ~100 times stastistics of WA102
- WA102: pp collisions only

COMPASS 2008
Tp —>wrr£a§|‘7rh*n'7t“r:' P

- COMPASS : zip and pp collisions S s S,

2 2.5 3 35 4 4.5 5
Invariant Mass of the 47 Subsystem (GeV/c?)

see talk by J. Bernhard
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trangeness in final states ntp

Search for hidden strangeness
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trangeness in final states =p [¥

Search for hidden strangeness

» Neutral and charged kaon channels

Freitag, 29. April 2011

=)
S
T

8, (mrad)

n

10 20 30 40 50 60
p (GeV/ic)
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COMPASS 2008 hadron data

=)
A

8, (mrad)

n

Search for hidden strangeness

» Neutral and charged kaon channels
» High mass isobars observed cleanly
* Glueball search decaying into KK

20 f 1 o l I |

« Hybrids decaying into KKn o 0 vy
* Information on nature of states > AT
: , O r AR
— branching fraction ~ ¥F K*Kr.vs K*K-
00
— decay chain £ 3
2.55—
s
1.53— pre
L, | | PR | | 0
1 1.5 2 2.5 3
M-/ GeV

see talk by T. Schitter
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trangeness in final states xp [¥ nKK@

Search for hidden strangeness

» Neutral and charged kaon channels
» High mass isobars observed cleanly
* Glueball search decaying into KK
« Hybrids decaying into KKn
* Information on nature of states

— branching fraction

— decay chain

Freitag, 29. April 2011

M. [GeV/c?]

COMPASS 2008 hadron data

=)
A

9( , (mrad)

n

20 v 1 o l l |
10 20 30 40 50 60
p (GeVic)

. {\}
p{e\\ﬂ‘\ ;10

CONMIPASS 2008
21% of 2008 Data 20

lllllIIIIl

R B Y-S
M., [GeVic?]
see talk by T. Schluter
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trangeness in final states =p [¥

=)
A

9( , (mrad)

n

Search for hidden strangeness
40
» Neutral and charged kaon channels '
* High mass isobars observed cleanly 50"
* Glueball search decaying into KK X

« Hybrids decaying into KKn S TR TR T f:”(GeV/j”

 Information on nature of states
— branching fraction

— decay chain

 PWA being prepared

see talk by T. Schitter
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Central Production (KK)
N

=

Central production used to search for glue-rich states
- WAT102 was successful studying f, mixing scheme

Study central production with mesons and protons
- In ideal world: production very similar (except for spin effects)

- At COMPASS: Pomeron-Pomeron (DPE) not clearly separable
from simple Reggeon exchange

- Mixture of diffraction and central production

Kaons are promising selective final states

state allowed .J©'¢
]\—‘-;)']\'(f-’. O++ ‘2++ 4++
KTK—-|0otT 1—— 9t+ 33— g4t++
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Central Production (KK)

> = > F
[} - () C
Z6000— COMPASS 2008 =250 COMPASS 2008
S f bl T f KoK
g [ not acceptance corrected n ~ not acceptance corrected
‘£5000(—  21% of data t 200— 21% of data
I.E - - [AD] > 2.9, 186 GeV < p < 196 GeV KO KO E : n is fastest particle
4000— =
- S S 150—
3000— -
- 100
2000— C
1000— 50—
s T -
0045 046 047 048 049 05 051 052 053 0, o~ ; 5 5 D 3
GeV) m(KK)/GeV
< < E
<1400 2200 £,(1500) / * (1525)
s COMPASS 2008 = S oooF ' COMPASS 2008
£1200 T p oK Ksp [<b) E 21% of 2008 Data
@ not agéeptance corrected E 1800 ~ e
5 of data (an] — pt — pK K'n
1000 fastest particle : 1600 :—
E 1400
800 S 12005
> =
600 7000 -
800
400 600
400
200 200F
r O : 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
0 1 1.5 2 2.5 3

rapidity

M, [GeV/c?]
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X0
2 5oF a,(1320) COMPASS 2004 <
S 3 wPb — T Ph © 8000
) - 0.1 <t <1.0GeV%c? T~
~ 250 a,(1260) -
- ©
R 7,(1670) =
- LO
1.5? g
: == 4000
1= w
: =
0.5 D
- -
L | 1 ‘ | | 1 1 ‘ | | 1 1 ‘ | | 1 1 1 m
b 0.5 1 1.5 2 2.5 3 0
Mass of Tt System (GeV/c?)
g I
2 ) - COMPASS 2004 MC Pb — TTPh
= gz; gl«ilj.to’g:tvz/& 8 0.3 [
- c
e - 0.2}
05" 8 *
045
= U
0.3 (@) JdF
0.2- < 0.1 CI)
0.1=
00608 1 12 14 16 18 2 22 24

Mass of Tt System (GeV/cd)
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g Summary of Waves @
N g
2 3
1.9 l
1.8 i

Particle Mass (GeV/cZ)

=  COMPASS 2004
* PDG 2006

o W A~ W N

I|‘|||I‘|III|IIII|IIII|III|‘||||‘|III|IIII|II

-
——

a,(1260)  a,(1320)  7,(1600) m,(1670)  m(1800)  a,(2040)
Publication submitted to CERN (preprint)and to PRL
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Analysis of 5x

- Need to extend study to high masses
- Decay of heavy resonances into high mass isobars
- Multi pion final states
- Complex analysis (106 waves)

, SR (s
510° COMPASS 2004 o F COMPASS 2004
a TP AT AT Pb C 33 = TPb— mm AT Pb
E No Acceptance Correction -(r. C No Acceptance Correction
_‘§ 104 No Backzround Subtraction : 3 :—
Z g 25
22 91 Mmass
o
10° 15 :— Binsint’ (GeV7/c?)
E [Jo<t<0.005
10 E [Jooos<r<o1
0):— I:lo'I‘: t <2
! n “MJ‘J“[ E PRI BT
4 s % 1 2 3 4 5 6
Squared Momentum Transfer t (GeV-/c”) s Mass of St Svstem (GeV/c?)
x10°
- - 2 r COMPASS 2004
47 Isobars (G = +1) 3w Isobars (G = —1) :E 10l T Pb — TR Pb
Name Mass (MeV /c?) IG(JFC) Name Mass (MeV/c?) [9(JFC) ; N 3 Entries per Event
To 1370 / 1700 0F(0FF) £ o
o 1403 0+ (0~H) a 1270 1= (1+) Zr 47t submass
s 1450 1t(177) Qo 1320 1-(21) s—
by 1235 / 1800 1t(1+) 7 1300 17(071) -
fi 1285 / 1450 0t(1++) o 1670 17(2771) 4
15 1645 0t(27T) ™ 1600 1=(1771) -
f 1565 0t (2+t) 2
03 1690 1+(37) N
m 1600 ot(1=t) B_ L N P B here
o 90« A4— G4— 5 1 1.5 2 25 3 35
More Exotics 77 1+ (U+ )‘1+(2+ ) Invariant Mass of - Subsystem (GeV/c?)
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"o COMPASS 2008 5

7% of 2008 Data
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Events/(10MeV/c?)
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:_ 80
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LA

ﬂ‘@& Wave Set Included into Fit

A

Notation of Partial Waves: JFCM<[...]L

e Spin J, parity P, C-parity C, spin projection M, reflectivity e,
decay particles [...| and their relative orbital angular momentum L

e E g: mo(l670): 2=i1ibnlS, 20:pxlE:  25(1320): 2iklil|on|D

@ Intensity is a coherent and incoherent (e = +1, flat) sum of partial waves
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Wave Set Included into Fit

JPEME | L | Isobar w | Cut [GeV]
0—*tot S for 1.40
0~1t0" | S | (77)sm -
o-tot | P pT -
1—T1+* P P -
17roT | S o -
1ttot | P frm 1.20
110t | P | (7w)sm 0.84
1ttot | D P 1.30
1++1+ | s o _
1tr1t | P frm 1.40
1711t | P | (7m)sm 1.40
1t*t1t | D P 1.40
2—1t0* S fom 1.20
2-tot | P P 0.80
2=1t0t | D frm 1.50
2710t | D | (7wm)sw 0.80
2-tot | F P 1.20
2-T1t | S frm 1.20
2-T1t | P pr 0.80
2= *t1t | D frm 1.50
2=F1t | D | (7w)sm 1.20
2-t1t | F p 1.20

JPEMeE | L | lsobar m | Cut [GeV]
2t+1t | P form 1.50
2tT1t | D pT -
370t | S P37 1.50
3ttot | P for 1.20
3*+0*t | D P 1.50
3tT1t | S P37 1.50
3ttt | P fom 1.20
3t+1t | D om 1.50
410" | F P 1.20
4—+1t | F pTe 1.20
AT+1T | F for 1.60
41t | G o 1.64
1-t0~ | P P -
1-t1— | P P -
1Tt1— | S olus -
2-T1™ S fom 1.20
2t+0~ P fom 1.30
270~ | D P .
2T 1~ P fom 1.30
FLAT
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PWA Method

2

o(r){ET,w,-@:)

v =kinetische variable (fiir jedes Ereignis gemessen)

. (v) =Zerfallsamplitude : parametrisiertimlsobarmodell
T, =Produktionsamplitude (aus Fit)

i =Liste aller Zerfallswege imMassenbin M,
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=28

W PWA Method

Use mass independent fit to angular distributions and sub-
mass

2

o(r){E_T,w,-@:)

v =kinetische variable (fiir jedes Ereignis gemessen)

. (v) =Zerfallsamplitude : parametrisiertimlsobarmodell
T, =Produktionsamplitude (aus Fit)

i =Liste aller Zerfallswege imMassenbin M,
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W PWA Method

Use mass independent fit to angular distributions and sub-
mass

2

o(r){E_T,w,-@:)

v =kinetische variable (fiir jedes Ereignis gemessen)

. (v) =Zerfallsamplitude : parametrisiertimlsobarmodell
T, =Produktionsamplitude (aus Fit)

i =Liste aller Zerfallswege imMassenbin M,
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W PWA Method

Use mass independent fit to angular distributions and sub-
mass

2

o(r){E_T,w,-@:)

v =kinetische variable (fiir jedes Ereignis gemessen)

. (v) =Zerfallsamplitude : parametrisiertimlsobarmodell
T, =Produktionsamplitude (aus Fit)

i =Liste aller Zerfallswege imMassenbin M,
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0 ¢ PWA Method

Use mass independent fit to angular distributions and sub-

Mass

Differential Cross“géﬁi@fﬁdmass independent, 40 MeV bins)

T = klnetlschevarl bIe(furJedesErelgnls gemessen)

UindePl(T 'g)?;' d'é%a Fez / \/ frrls@t)%vﬂg%ell,

S i= LlsteallerZerfaIIswege|mMassenb|nM
e: reflectivity,  r: rank of density matrix, /. different partial waves

T': complex production amplitudes (fit parameters!)
i»: complex decay amplitudes (coded inside program)

7: phase space coordinates (5 parameters for 3-body decay)

+
P
1
il [l
L

==
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-9 PWA Method @

Use mass independent fit to angular distributions and sub-
mass

0@ SN T @ .
Use mass depené%ﬁpt fit using results form step 1

v =kinetische variable (fiir jedes Ereignis gemessen)

. (v) =Zerfallsamplitude : parametrisiertimlsobarmodell
T, =Produktionsamplitude (aus Fit)

i =Liste aller Zerfallswege imMassenbin M,

Mass-Dependent Fit using Breit-Wigners (simplified!, precise — note)

TE(Msy) = ML% ; Ct i BWii(M, Mo i, To k:)\/f [f (') |2d7’
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The Goal

Understand hadrons from the dynamics
of quarks and gluons
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T The Goal
N
Understand hadrons from the dynamics
of quarks and gluons
1.4 7 L e e B [ S L L
Og [ 3
1.2 B perturbative QCD strong QCD -
.
0.6 2 =
0.4 [ E -
0.2 -
10-18 107 10-16 1015

distance [m]|

Freitag, 29. April 2011 60



N

=l
A=A
=28

Jm, The Goal @
N "

Understand hadrons from the dynamics
of quarks and gluons

1.4 T LIPS0 AT L B ) P ol S P L LS | PR
o, -
s F ol - - -
, 5 [ Perturbative QCD ~_songQdd 1+ non-perturbative regime of QCD
N . 1 - Models: QM, bag, flux tube, ...
ooF /& 1 . Effective theories: xPT, ...
B ~/ 5 1 - Lattice-QCD
i - =
0.4 Bl %
0.2 -
PLLY vy : hokars | i
1018 1017 10-16 1015

distance [m]|
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Backup - m-mt0n0

PWA using isobar model

- Bachel -
[JPeme]) L — T";C 97 | X decay described using isobar model:
— ]

L] « Intermediate di-pion resonance (isobar)
) « Spin S and rel. orbital angular
momentum L w.r.t bachelor 7~
« L+S couple to J
- Partial waves: JFC Mz [isobar] L

¢ = +: natural
parity exchange

£ = —:unnatural R (]P)

parity exchange

3N

Target Recoil

PWA:

* program: lllinois/Protvino/Munich (D.Ryabchikov) software (IHEP/VES, TUM/COMPASS)
* Isobars: (77)g [broad fy(600)+fy(1370)], f5(980), p(770), f5(1270), p3(1690)

* No acceptance correction yet (assumed flat)

Assumptions:

* factorisation of beam & target vertex, no final state interactions

* /G conserved at beam vertex (mbeam: 1= 1)

* Scattering on nucleons: helicity flip & non-flip amps at target vertex (rank2)

* Using reflectivity basis in Gottfried Jackson frame (at high CM energies: reflectivity &= naturality of R)

Isospin symmetry: neutral / charge mode
* isobar decaying into f2 7t: 1/2 intensity expected
* isobar decaying into p 7: 1/1 intensity expected
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Pt = NN
T Pion Polarizabilities
N

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV ~ 10 MV

- magnetic polarizability =8 H VWV — @
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Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’
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{ . . . .
Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’

Experiments: pion Compton scattering =«
YRy
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{ . . . .
Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’

PLUTO
DMI1
DM?2
Mark Il
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{ . . . .
Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’

PLUTO Lebedev
DM1 Mami A2
DM?2

Mark I
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{ . . . .
Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’

PLUTO Lebedev Serpukhov
DMI Mami A2

DM2

Mark Il
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{ . . . .
Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’

Experiments: pion Compton scattering =« I
% PT prediction
WEIGHTED AVERAGE
a1k (5.9%1.1)- 10 fm’
4~ Mami A2
PLUTO Lebedev Markl —e— i1
DM1 Mami A2 | - DM2
DM2 1 0
Mark Il s DM1
. PLUTO
~ Lebedev
Serpukhov Serpui_k_iggv
L1l I | . | | | i \ | | | 1 | I I |

10 -5 0 5 10 15 20 25 30 35 40
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{ . . . .
Pion Polarizabilities

Describe response to external e.m. fields = stiffness of system
. electric polarizability d=a E AV~ 10 MV

: il o NN \—
- magnetic polarizability =8 H ®

¥PT (2-loop): &, =(2.9+0.5)X07*fm’> B =(-2.820.5)x07* fm’

Experiments: pion Compton scattering =« I
% PT prediction
WEIGHTED AVERAGE
b (5.9+1.1)- 10" fm?
4~ Mami A2
PLUTO Lebedev Markl —e— i1
DM1 Mami A2 A DM2
DM?2 vl .
Mark Il N ¥
o PLUTO
A Lebedev
Serpukhov Serpuﬂ‘ﬂ"
IIIIIIIIIlIIlIi :lllllllllllII|IIIlIIIIIIIlII|lIII
COMPASS 10 5 0 5 10 15 20 25 30 35 40
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T Cross Section Ratio
N
N d Prim 3 2 . .
R)= = e 1,30 O (@ 4f, -0)
Nye(@)  do™™ =72 o 1-q
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oM Cross Section Ratio

V@) B S 0 e
Nyc(@) do™™ 2 a l-o

512

ol cpoint—like pi

2: 0,=5x10 4 fm’
3: 0, =8x1074fm’

0.6 ETIRTTTIT LI

0.4 [

III|III|III|III|III

v v v by v by v s by oy by ey by g by
0.3 04 0.5 0.6 0.7 0.8 0.9

R(w) for different values
of a_ (B,)
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Cross Section Ratio

Prim
N, () - do,,

NMC ( W ) - d o ;lj“thomson

—_

3
+_

2

3 2
m. o

B, (a, +B,

o 1l-mw

2: 0,=5x10 4 fm’
3: 0, =8x1074fm’

0.2 PR 1

LI | LI | T T I LI I LI

v v v by v by v s by oy by ey by g by
0.3 04 0.5 0.6 0.7

R(w) for different values
of a_(B,)

Freitag, 29. April 2011

COMPASS 2004 - data

0.8

0.6

04

0.2

preliminary
! : ¢ ¥ § ¥ ¢ : ) i

(. -4 ¢ 3
B=(-0.2+0.5__ )x10* fm
x2/ndf =12.2/14 = 0.9

muon beam

RC included

—\|I|I||||II|||||III|J|||I

|
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[ Ll
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o1l
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m.—
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~NE
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®

Cross check with uw beam
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oMy  O? Distributions from Pilot Run @
3 > A2 2
dio _aZ xQ -0 %F (Q2 12 xdowc (@,9)
dO’dwdcosd, 7w o) “ dcos0
COMPASS 2004 n data
t 2+1 mm Pb target §104§ 2+1 mm Pb
10° % B 3.55mm Cu
E B 235mmC
- 10° 5
102 ?
i 10°E
10E -
B - Preliminary
106005 001 0015 602 00z 00 0" 000s 601001 602 00 003
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72 Dependence of Cross Section

3 ; (@,9)
2
dio _aZ Q Qmm% (Qj do,, (@,0
dO’dw dcosf  mw dcosf
COMPASS 2004 1 data COMPASS 2004 n data
£ W10%E
> 1T 1 c A 241 mm Pb
v L Preliminary ~ S F
B 1 E ............ P.b % B 3.55mm Cu
E _____________ B 23.5mmC
I o 10° o
107 = -~ Cu o
107 & 10°E
W fe -
- Prel iminarj,r
10‘3 'I : I = | : | = I I l = | : | - l : L ' ' L l 1 1 L L ' ' L 1 l 1 L L ' L 1L 1 1 L 1 1 1
0 10 20 30 40 50 60 70 80 0 0005 001 001s 002 002 003
0’ (GeV/c) ?
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gy :
2009 Primakoff Measurement

Major improvements:

. Detector performance: ECAL, ulD

- Optimized target: >8Ni

- Radiative corrections

- Beyond Weizsacker-Williams approach

- Interference with diffractive amplitudes
. Suppression of n-n® background

- MC description of setup
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gy :
2009 Primakoff Measurement

Major improvements: Prospects (4 weeks):

. Detector performance: ECAL, ulD ¢ Og2i~0.33:-104 fm3

- Optimized target: >SNi + 04ys~0.16-10* fm?3

- Radiative corrections . independent extaction of o, {
- Beyond Weizsacker-Williams approach with o,,,~0.5-104 fm3

- Interference with diffractive amplitude§ e

. Suppression of n-n® background

. MC description of setup . first measurement of oy
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e )

o .
ﬂ@} 2009 Primakoff Measurement

N>

Major improvements: Prospects (4 weeks):

. Detector performance: ECAL, ulD ¢ Og2i~0.33:-104 fm3

- Optimized target: *8Ni . Ogy~0.16-10% fm3

- Radiative corrections . independent extaction of o, |

- Beyond Weizsacker-Williams approach
- Interference with diffractive amplitudes
. . a(s)
. Suppression of n-n® background g
B . firet meaciiramant nf ~..
- MC description of setup w12

with o,~0.5:10% fm3

0,=2.8x10"*fm’

,=0.6x107*fm’

IIIIIII|III|IIIIIIIIII

0.4 0.5 0.6 0.7 0.8
®
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Primakoff Reactions with Neutral

Primakoff = production

T e --Pp== T
B Y
8 70 ﬁ;
oy
Z
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Primakoff Reactions with Neutral @

Primakoff n° production Chiral Perturbation Theory
S Ll I !
. .-g\\ i VamnE ] <.
Y 70 ﬁ;
Y ]
U ©) /.. =(130.7£0.4)MeV

Jra f2

T
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o) Primakoff Reactions with Neutral @

N "

Primakoff i production Chiral Perturbation Theory
e T T, f[: !
TR i v

K F™(0)
4 F(0) = . =(130.7+0.4)MeV
() \/afzi fn- ( )

T

- Prediction:
F37(0)=9.7+0.1 GeV-3

- Experiment (Serpukhov):
F37(0)=12.9+0.9+0.5 GeV-3
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Primakoff Reactions with Neutral

===

Primakoff n° production Chiral Perturbation Theory
_——— T Y

g ] e
75 PR T
U ©) /.. =(130.7£0.4)MeV

Jmo £

- Prediction:
F37(0)=9.7+0.1 GeV-3

- Experiment (Serpukhov):
F37(0)=12.9+0.9+0.5 GeV-3

COMPASS 2004
hadron data

counts
~l
8
|

8203 04 05 06 07 08 09 1 1.1
m_... [GeV]
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o) Primakoff Reactions with Neutral @
N "
Primakoff «0 production Chiral Perturbation Theory
e T o f[:”
TR e v
Y ]
z e N f.. =(130.7+0.4)MeV

Jra 2

T

- Prediction:
F37(0)=9.7+0.1 GeV-3

- Experiment (Serpukhov):
F37(0)=12.9+0.9+0.5 GeV-3

. Further reactions channels studied in COMPASS: it~ Z® it~ Z '’
nZ®n Zn
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