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@ Motivation: Search for Spin Exotic States

Hybrid candidates (1.3 - 2.2 GeV/c?): Diffractive scattering

lightest hybrid predicted: exotic JP¢ =1 e study of J°¢ exotic mesons

* 1,(1400): VES, E852, Crystal Barrel —> 11 » t-channel Reggeon exchange

e 1,(1600): E852, VES —> pr, n'm, f,, by « forward kinematics, target stays intact

e ,(2000): E852 —>f,(1285) 7, b,(1235) =
.... still controversal = COMPASS

Diffractive pion dissociation
 incoming 1t excited to resonance X

« X~ decays into final state, e.g. (31)-
* small momentum transfer

htarget h!
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f@i Spin Exotic Search -- two decay modes of pn
N decay channel: Neutral Mode

Hvybrid candidates (1.3 -2.2 GeV/c?):

Diffractive scattering

lightest hybrid predicted: exotic JP¢ =1

« study of J°C exotic mesons
* t-channel Reggeon exchange

* 1,(1400): VES.ES8 rystal Barrel —> 17
. n1(1600):‘n, f,, bym « forward kinematics, target stays intact
e 1,(2000): E852 =T (1285) 7, b,(1235) =

.... still controversal = COMPASS

hbeam

S
4 A

Diffractive pion dissociation
 incoming 7t-excited to resonance X R| (P)
« X~ decays into final state, e.g. (31)~:

- p —> ©non? p (neutral mode)
« small momentum transfer

!
htarget h

target
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f@i Spin Exotic Search -- two decay modes of pn
N decay channel: Charged Mode

Hvybrid candidates (1.3 -2.2 GeV/c?):

Diffractive scattering

lightest hybrid predicted: exotic JP¢ =1

* 1,(1400): VES.ES8 rystal Barrel —> 17
o n1(1600):‘n, fim, bym
* 1,(2000): E852 —T(1285) m, b,(1235)

.... still controversal = COMPASS

Diffractive pion dissociation
 incoming 1t excited to resonance X
« X~ decays into final state, e.g. (31)~:

- p—>nntn p (charged mode)
« small momentum transfer

- cf. previous, talk by F. Haas

« study of J°C exotic mesons
* t-channel Reggeon exchange
« forward kinematics, target stays intact

hbeam _
X T,
7T
T
Rf(P)
htarget h; arget
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@% The COMPASS experiment

\’j COmmon Muon Proton Apparatus for Structure and Spectroscopy
(~250 physicists, 25 institutes, 10 countries)

a) Nucleon spin structure:
-> polarised muon beam (160 GeV/c u*)
polarised solid targets (°LiD, NH,)

- see Talks, E. Kabuf3, N.Makke, C.HOppner

b) Baryon & meson spectroscopy:
* Diffractive production (this talk)

e Central production

* Primakoff

-> hadron beams (190 GeV/c n",K")

Beam
(muon or hadron)

Hadron runs:
« 2004 pilot run (4 days non Pb target: ~BNL statistics)
« 2008/09 (large statistics (LH,), n*, K %, p* beam, plus nuclear targets)
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@ COMPASS spectrometer: Hadron setup 2008/09

all COMPASS trackers:
SciFi, Si, MM, GEM, DC, Straw, MWPC

+Upgraded trackers close to beam: ..o | 4
ColdSilicons, PixelGEMs ..ot

0.4m
liquid H, target

ECAL2
(0.4°< 6, < 2°)

’(muon or hadron)

ECAL1
(2°< 6, <12°)

Recoil detector (RPD)
to trigger on reactions
inside target

| Electromagnetic calorimeters |

(final states involving neutrals,
e.g. 7% n,o0rmn)
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@ COMPASS spectrometer: Hadron setup 2008/09

After final cuts on A® and exclusivity:
all COMF
SciFi, Si, MM, G & *V} COMPASS 2008
- N (38% of 2008 data)
+Upgraded track| £ 016 TP - 7AEp
|dS|||ConS P ’;_% - nho acceptance correction
CO ! §0.15__
0.14F
0.4m A....oooo. 0.13;_
liquid H, target o1zl
= o 2 | ECAL2
Beam __ -k 04T e o o e o vae o 0 |\ (0.4°<6,<2°)
=" M(y,y,) [GeV/c]

’(muon or hadron)

/ ECAL1
(2°< 6, < 12°)

Recoil detector (RPD)
to trigger on reactions
inside target

| Electromagnetic calorimeters |

(final states involving neutrals,
e.g. 7% n,o0rmn)
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f@% Diffractive dissociation into 3rx final states
\/ (2008 data, LH, target)

Mass of outgoing 3w system — neutral
mode: T p —> w00 p

16000—
X - a1320) COMPASS 2008
= 14000 ip — 5ddp
= B (38% of 2008 data)
: 12000 = 3 1260) nn acceptance correction
"g' B 0.1 Gevit < ' < 1.0 Gewre
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ol alieeo)
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B .,

inv. mass of oy’ system [GeV/c]]

PWA: ~ 1M events

Events/(5 MeV/c")

Mass of outgoing 3rn system — charged
mode: T p—>T TP

x10°
0.12— g sl 13200 COMPASS 2008
% :I Tp—= AN p
| 0.1 GeV3iet < t' < 1.0 Geviie®
0.1 3|': I liaﬂ'} }Il'l |l w/0 ACCEpIance cormection
0,08 [ \ 38% of 2008 data
n.ﬂ{;l__ I \I ;‘[1{1{1?0}
B ’ Uﬁn
I "\
0.04 ! \
J \
0.02 i \
I j H"""-'-u.-.______\_-‘_
n = [ "IN (]S P ol [ O S | _‘I_‘_I-_-I_.-n-_ B e, _Lv— L
)] ] 2 3 4 5 i)

Mass of T T & System {Gc‘v’-c"]

PWA: ~ 24M events (acceptance corr.)
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f@i PWA using isobar model

_ 3{_ _ Bachelor
7T [JFC M€] : L
7° X decay described using isobar model:

£ = +: natural

parity exchange - * Intermediate di-pion resonance (isobar)
¢ — — unnatural ? » Spin S and rel. orbital angular
momentum L w.r.t bachelor 7z~

parity exchange
* L+S couple to J

 Partial waves (reflectivity basis): J°¢ M¢ [isobar] L

Target Recoil

Partial wave analysis:
® program: lllinois/Protvino/Munich (D.Ryabchikov) software (IHEP/VES, TUM/COMPASS)

* Isobars: (77)s [broad f,(600)+f,(1370)], f5(980), p(770), f,(1270), p5(1690)
* Acceptance: corrections included (2004: ~60%, rather flat, 2008: similar for charged, neutral not yet)

Step 1) Mass independent PWA: (40MeV/c? bins, 52+1 partial waves)

. ;";,,',, : 5
Tindenl(T, m, €)= T35 |0 TEFE(E i, m)/\/ [ |os(', m)|” dr
e=xt1lr=11 |

e Production amplitudes 75 — extended maximum likelihood fit

o Decay amplitudes ¢¢(7, m) (Zemach tensors, D functions)
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f@i PWA using isobar model

X" _ Bachelor

T X decay described using isobar model:

* Intermediate di-pion resonance (isobar)
» Spin S and rel. orbital angular
T momentum L w.r.t bachelor z—
* L+S couple to J
 Partial waves (reflectivity basis): J°¢ M¢ [isobar] L

£ = +: natural

parity exchange

£ = —: unnatural
parity exchange

Target Recoil

Partial wave analysis:

® program: lllinois/Protvino/Munich (D.Ryabchikov) software (IHEP/VES, TUM/COMPASS)
* Isobars: (77)s [broad f,(600)+f,(1370)], f5(980), p(770), f,(1270), p5(1690)

* Acceptance: corrections included (2004: ~60%, rather flat, 2008: similar for charged )

Step 1) Mass independent PWA: (40MeV/c? bins, 52+1 partial waves)

Step 2) Mass dependent Xz fit: (to mass independent result)
* Main partial waves chosen, parameterised by Breit-Wigner
® Coherent background for some waves
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domp PWA using i
{ + using isobar model
e

_ %7 _ Bachelor
7T [JFC M€] _ : .
e — ++ natural T X decay described using isobar model:
parity exchange — * Intermediate di-pion resonance (isobar)

» Spin S and rel. orbital angular
T momentum L w.r.t bachelor 7z~
* L+S couple to J
 Partial waves (reflectivity basis): J°¢ M¢ [isobar] L

£ = —: unnatural
parity exchange

Target Recoil

Partial wave analysis:
® program: lllinois/Protvino/Munich (D.Ryabchikov) software (IHEP/VES, TUM/COMPASS)

* Isobars: (77)s [broad f,(600)+f,(1370)], f5(980), p(770), f,(1270), p5(1690)
* Acceptance: corrections included (2004: ~60%, rather flat, 2008: similar for charged )

Step 1) Mass independent PWA: (40MeV/c? bins, 52+1 partial waves) | = following results
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First comparison: Neutral vs. charged mode
Mass independent PWA results

-- normalisation --

A0 ICJFC MF = 1-(2++)1+ tho pi D
G 22 ey COMPASS 2008
& o _—ggfuagf:ggt[.]afrlnggtgunecmd T p—}'JfTI!]TI!] P
= : . . mass indep. PWA (53 waves)
E 13:—334:\,-“ u" zuuﬂ data llﬂt ﬂ.CCEptanCE COFI’ECtEd
— " acceptance corrected = 1
th __
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@€ L
g 140
120 a,(1320) —> pr
10 .
g +
6 -
4= -
2F IR
u:||||lllﬂ-l-llllllll-m
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Mass (GeV/&)
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f@% First comparison: Neutral vs. charged mode
N

simple isospin symmetry check

0 I€JFC M= 1-(2++)1+ tho pi D
fg 22 o COMPASS 2008
[ 20__23{"3&[;3,']]1%?.33?0“919“ 3 P_’“T'!]TP P
= F (. . mass indep. PWA (53 waves)
E. 1838 of 2008 data not acceptance corrected
= E acceptance corrected =
W gl
£ 16¢ +
Q _
& 14c
120
10 .
5 -
a,(1320) —> pn
6 :
a- -
2 : £
L _"_" -
G_||||----—J-l'r'|||||||||ﬁ"—-r"J P E—— P
06 08 1 12 14 16 18 2 22 24
Mass (GeV/&)
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simple isospin symmetry check

f@% First comparison: Neutral vs. charged mode
N

A0 I€JFC M= 1-(2++)1+ tho pi D 0 I€JPC M"=1-(1++)0+ rho pi S
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simple isospin symmetry check

f@% First comparison: Neutral vs. charged mode
N

A0 I€JFC M= 1-(2++)1+ tho pi D 0 I€JPC M"=1-(1++)0+ rho pi S
CEEr COMPASS 2008 O COMPASS 2008
[ _—ggfoagtf:g[?tgﬁlggtcaunecwd 3 P_’“T'!]TP P @ T p_mﬂ!]ﬂ!] P
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simple isospin symmetry check

f@% First comparison: Neutral vs. charged mode
N

Isospin symmetry: neutral / charged mode
* X~ decaying into p t: 1/1 intensity expected
* X~ decaying into f, m: 1/2 intensity expected
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simple isospin symmetry check

f@% First comparison: Neutral vs. charged mode
N

Isospin symmetry: neutral / charged mode
* X~ decaying into p t: 1/1 intensity expected
* X~ decaying into f, m: 1/2 intensity expected

General: Branching not entirely determined by Clebsch-Gordon coeff.,
but also Bose-Symmetrisation with the bachelor .
=> no effect for resonances decaying into pzr (same effect)
=> BR might differ for resonances going to f; , 7
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simple isospin symmetry check

f@% First comparison: Neutral vs. charged mode
N

Isospin symmetry: neutral / charged mode
* X~ decaying into p t: 1/1 intensity expected
* X~ decaying into f, m: 1/2 intensity expected

General: Branching not entirely determined by Clebsch-Gordon coeff.,
but also Bose-Symmetrisation with the bachelor .
=> no effect for resonances decaying into pzr (same effect)
=> BR might differ for resonances going to f; , 7

Checked by calculation:

BR = N(r—n'n" )/N(r~7~wt ) — calculated from isobar model amplitudes
BR( 0~ f,(980)7 S) = 0.44 (at 1.8 GeV)
= ) (at 1.3 GeV)

o ——
=
)
—
Il
—
(-
[ |
e ] ]

50 (at 1.67 GeV)
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@P

i }

& Selected partial waves

isospin symmetry check ctd.

m(1800) —> pr a,(1260) —> (nx), © m,(1670) > f, &
" 10 1€JPC MF = 1-(0-+)0+ f0(980) pi S < 10 1€J%C M® = 1-(1++)0+ (pipi)s pi P 7 6 JPC ME = 1-(2-4)0+ 2 pi S
L [ COMPASS 2008 Yt COMPASS2008) &' | COMPASS 2008
& el =00 M 2 T ponn® p A R
2 [ Tpowmnp = F -I- ) @ 70 5 pondd p
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E [ endd o - . H osirl 2 o
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- ety . - } o T Foen's .
- o, 2.5[ 1 % T -
R L * : ROy mammen, | fEmes A
i ' ! 2- | ¢ . g +
I c - § A4 3 :
0.4 w ! 1.5 S C 4 .
L "I' 1 C 1 2 N X .
- ..' + [} 11— e s b - _-..-'--.-.- B Lok -
0.2 oa ‘ . . e - : o
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BR = N(r— 7z )/N(z—7n~n" ) — calculated from isobar model amplitudes
BR( []_"'f.;. (980)7 S) = 0.44 (at 1.8 GeV)
BR( 1T+ (rm)sm P) = 0.80 (at 1.3 GeV) In fair agreement

BR( 2=+ f,(1270)7 S) = 0.50 (at 1.67 GeV) with our data
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@P

U Two sets of partial wave totals
3rn diffractive -- Neutral vs. Charged mode: 53 waves

Spin totals show isospin symmetry:

10° Spin totals: p(770)n waves 10° Spin totals: £,(1270)n waves
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- =k -'_.-_ - * == -- -r-
: . ,-:_ 2_ l'--l- - .
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@P

Selected partial waves

isospin symmetry check ctd.

a,(2040) —> p=

1€ JPC M° = 1-(4++)1+ rho pi G

a,(2040) > f, ©

ICIPC ME=1-(d++)1+ 2 pi F

900 F
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2 800F 7 p—nrd p A p—ntR p |
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@P

i }

& Selected partial waves

isospin symmetry check ctd.
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oM Selected partial waves & phases

i }

\J 3rn diffractive -- Neutral vs. Charged mode: 53 waves

G [PC b= . _
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2
\ 4 Summary & conclusions

« COMPASS: high potential for spin-exotic search
v/ 2008/09: Data taken with hadron beams on proton & nuclear targets
v Very high statistics (1-2 orders of magnitude x world statistics)

« COMPASS measures Neutral & Charged channels
v First results on 3= final states 2008 data (diffr. dissociation)

v Comparison T n? vs. Tt~ final states quite promising:
- Mass-independent PWA: isospin symmetry
- main & small waves consistently seen - intensities & phases
- also angular distributions (GFJ: cosé, @)

=> Independent confirmation of new states within same experiment!
(competing statstics with BNL, E852 re-analysis [Dzierba et al., 2006] )

Outlook:

» Acceptance corrections for neutral mode (before showing any signal in exotic 1+ wave)
» Dedicated leakage & background studies

» Further development of PWA model

» Mass-dependent PWA
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