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Motivation m

The strong interaction

@ The strong interaction, which describes the dynamics of quarks and
gluons, gives rise to a rich spectrum of hadrons

@ In principle this spectrum should be described by the Lagrangian of
quantum chromodynamics (QCD):

Lacp = Z 7/)/ m/&/)d’/ 4 Gzy Ga

i,jéquarks

@ Due to confinement, quarks and gluons do not exist as free particles, but
typically form baryons (|gqq)) and mesons (|qQq)).

@ Usual perturbation theory (as e.g. in QED) is not applicable anymore

@ This talk will only be about the light meson sector
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Motivation

Mesons in the constituent quark model

@ In the constituent quark model,
mesons are described as bound
states of a quark and an
anti-quark

@ The quark spin couples to a total
spin S=0,1

@ The total spin and the orbital
angular momentum L of the
quarks couples to a total spin
J=L[+8

@ The quantum numbers of a meson
are given by J”C with Parity
P = (—=1)t+" and generalized
charge conjugation C = (—1)t+S
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Motivation

Mesons in the constituent quark model

@ In the constituent quark model,
mesons are described as bound — 2 —
states of a quark and an Sl L 52
anti-quark

@ The quark spin couples to a total
spin S=0,1

@ The total spin and the orbital
angular momentum L of the
quarks couples to a total spin
J=L[+8

@ The quantum numbers of a meson
are given by J”C with Parity
P = (—=1)t+" and generalized
charge conjugation C = (—1)t+S

@ Forbidden J™C (e.g.
0~—,0"—,1=*+ 27— ..)indicate
states beyond the constituent
quark model
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Motivation

States beyond the constituent quark model

@ Beyond bound quark-anti-quark states,
other exotic states of QCD could be
possible

@ Possible exotic states are:

» Hybrids: |qgg)

» Glueballs: |gg)
» Multi-quark states:

* Tetra-quarks: |qqqQq)

q9)
_|_

oo
e [99%)
_|_
O

_|_

* Mulecules: [(99)(qQ))
* L.
g8)
@ A physical state may be any superposition ’
of these basic states o—0 0—©O 2= >
@ Forbidden quantum numbers can’t be q q
explained as qq pairs, they must be +

something else
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The COMPASS experiment
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The CoMPASS Experiment

Basic information

@ Multi-purpose fixed-target experiment at CERN

@ (Secondary) hadron and (tertiary) muon beams supplied by CERN'’s
Super Proton Synchrotron (SPS)

@ Broad physics program:
» Spin-structure of the nucleon (using ¢+ and hadron beams)
See talk:"The New Spin Physics Program of the COMPASS Experiment” by
Luis Silva on Saturday
» Hadron structure and spectroscopy (using mainly hadron beams)
@ For the analysis presented:

» 190 GeV/c secondary hadron beam (97% =7 ~)
» 40 cm H» target
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The CoMPASS Experiment

COMPASS hadron setup

RPD + Target

/Beam | iﬁ
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The Partial-Wave Analysis Method

bian Krinner (TUM E18) Hadron Physics at the CompAss Experiment Jul 301 - Aug 6P 2014 10/28



Partial-Wave Analysis

Basic situation

@ Incoming 7~ gets excited ~ Example: 7=p — 771 p

by interaction via . Theam s X _—TT,
Pomeron-exchange with T
T
the target and forms an
intermediate state X~ P
ptarget Precoil
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Partial-Wave Analysis

Basic situation

@ Incoming 7~ gets excited
by interaction via
Pomeron-exchange with
the target and forms an
intermediate state X~

@ Many different
intermediate states X~
decay into the same final
state

Example: 7=p — n~ntn—p

Toam e X T

ptarget Precoil
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Partial-Wave Analysis

Basic situation

@ Incoming 7~ gets excited ~ Example: 77p — 7wt 7 p
by interaction via . Theam s X _—TT,
Pomeron-exchange with \E\ 7T
the target and forms an
intermediate state X~ P

@ Many different
intermediate states X~ Ptarget Precoil
decay into the same final
state

@ Different X~ may interfere with each other

Main goal:

@ Use Partial-Wave Analysis to do this
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Partial-Wave Analysis

The isobar model

@ Dalitz plots at different my show
a correlation between the
spectrum of the 27-subsystem
and the three-pion mass

x10° A p = a a*a_p (COMPASS 2008)

1,(1320)

Number of Events / (5 MeV/c?)

@ Horizontal and vertical band (1670)

structures are visible oab

06 0.8 1 12 14 16 18 2 22 24
Mass of 7”7~ System (GeV/c?)

18 mp ~ e p(COMPASS 2008)
[in,,, - 1318 MeV/c? [ 100 MeV/c”

Ptarget Precoil

C | | | | 1 1 1 1
02 04 06 08 1 12 14 16 18
. of 717 Subsystem (GeV?/c?)
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Partial-Wave Analysis

The isobar model

@ Dalitz plots at different my show
a correlation between the
spectrum of the 27-subsystem
and the three-pion mass

x10° A p = a a*a_p (COMPASS 2008)

1,(1320)

Number of Events / (5 MeV/c?)

@ Horizontal and vertical band (1670)

structures are visible oab

06 0.8 1 12 14 16 18 2 22 24
Mass of 7”7~ System (GeV/c?)

3 mp ~ e p(COMPASS 2008)
& [in,,, - 1672 MeV/c? [ 100 MeV/c”
3
— — e
Theam ~—~a____ X e g+ §
\\ T g
P £
5
o
Ptarget Precoil

|
05 1 2 25 3
. of 717 Subsystem (GeV?/c?)
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rtial-Wave Analysis m

The isobar model

@ Dalitz plots at different my show
a correlation between the
spectrum of the 27-subsystem
and the three-pion mass

x10° A p = a a*a_p (COMPASS 2008)

1,(1320)

Number of Events / (5 MeV/c?)

@ Horizontal and vertical band (1670)

structures are visible oab
— describe process as oo
subsequent two-particle decays: IO RN REN Y
isobar model o
Bachelor % ¥ m”—1672”&;V7;’;f0%M3:/2?)
nl;eam X~ Cn_e ° ié "
+ g
P Isobar 7T_ s,
7T 5
&
pta:get Precoil

T |
05 1 15 25 3
. of 717 Subsystem (GeV?/c?)
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Partial-Wave Analysis

The amplitude

- B Bachelor
nbeam X T
+
P Isobar T
P
ptarget Precoil

@ The process is described by a complex amplitude, which takes the form:
A= Z Twave(mX)wwave(T)

waves
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Partial-Wave Analysis

The amplitude

- B Bachelor
nbeam X T
+
P Isobar T
P
ptarget Precoil

@ The process is described by a complex amplitude, which takes the form:
A= Z Twave(mX)wwave(T)

waves

@ The ¥y.ve describe the decay and are known functions of the
phase-space variables 7
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Partial-Wave Analysis

The amplitude

- B Bachelor
nbeam X T
+
P Isobar T
P
ptarget Precoil

@ The process is described by a complex amplitude, which takes the form:
A= Z Twave(mX)wwave(T)

waves

@ The ¥y.ve describe the decay and are known functions of the
phase-space variables 7

@ The complex production amplitudes T... are independently fitted in bins
of the mass of the intermediate state my

Fabian Krinner (TUM E18) Hadron Physics at the CompAss Experiment Jul 30D - Aug 6P 2014 1328



Partial-Wave Analysis

The amplitude

(=

Im(T)

0.8

06 06 B

0.4 ]
0.4

0.2 ]
0.2

ok 4

0 el b e b e by 0 Il Il Il L L L L L L L
4 16 18 08 1 12 14 16 18 -06 -04 -02 0 02 04 06
m [GeV/cY] m [GeV/c?] Re(T)

@ The process is described by a complex amplitude, which takes the form:
A= Z Twave(mX)wwave(T)

waves

@ The ¥y.ve describe the decay and are known functions of the
phase-space variables 7

@ The complex production amplitudes T... are independently fitted in bins
of the mass of the intermediate state my

@ Resonances show through the intensity and a phase shift of the Ty .y
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Three-Pion Final States
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Three-Pion Final States

The final states

@ For this analysis, COMPASS
2008 data are used

@ 190 GeV secondary hadron
beam (97% =) on hydrogen
target

@ Two final states: 7~ 7%7° and
rateT
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Three-Pion Final States LT

The final states

o 02 COMPASS 2008

§ ; (1320) Ttp TP

' . E 70? 2(1260) 01<t <10Gev?c?

@ For this analysis, COMPASS 3 ®F Preliminary
2008 data are used Z sk
3 £
@ 190 GeV secondary hadron or
beam (97% =~) on hydrogen o
target i
10—

@ Two final states: 7~ 7%7° and oband i s
—_ 0t — 0 05 1 15 2 25 3 35 4 45 5
Tt m oo (GeVIC?)

@ ~ 3.5 million events in the
7~ 7970 channel
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Three-Pion Final States LT

The final states

< 80?103 COMPASS 2008
3 b e oottty
. . 2 TE a1260) 0.1<t'<1.0Gev?c
@ For this analysis, COMPASS 3 ®F Preliminary
2008 data are used Z sk
3 £
@ 190 GeV secondary hadron or
beam (97% =~) on hydrogen o
target 3
10—
@ Two final states: 7~ 7%7° and oband i s
_ = 0O 05 1 15 2 25 3 35 4 45 5
T T Mo (GEVIC)
o . x10° 7p — ' p (COMPASS 2008)
@ ~ 3.5 million events in the I ) :
7~ w970 channel s 0%0
o . % 03F
@ ~ 50 million events in the [
7~ ntn~ channel, which is at § N
s 0.2
the moment the world’s et
Z 015
largest 37+ data set o
0.1~
0.05%
P TSI (T T TR I D P T
06 08 1 12 14 16 18 2 22 24

Massof 77 7 System (GeV/c?)
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Three-Pion Final States LT

The final states

< 80&103 COMPASS 2008
§ 70é (1320) Ttp TP
. . E E a(1260) 0.1<t<10Gevc?
@ For this analysis, COMPASS 3 ®F Preliminary
2008 data are used Z sk
3 £
@ 190 GeV secondary hadron or
beam (97% =~) on hydrogen o
target 3
10—
@ Two final states: 7~ 7%7° and oband i s
_ = 0O 05 1 15 2 25 3 35 4 45 5
T T Mo (GEVIC)
. . x10° 7p ~ T p (COMPASS 2008)
@ ~ 3.5 million events in the I ’ )
7~ 77 channel s 0%0
- . 3 03—
@ ~ 50 million events in the [
7~ w7~ channel, which is at 5 f
3 .2
the moment the world’s g
Z . —
largest 37+ data set o
0.1
@ Different systematics in both "
channels T
0 06 08 1 12 14 16 18 2 22 24

Massof 77 7 System (GeV/c?)
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Three-Pion Final States LT

1++0*p(770) = S wave

— x10° COMPASS 2008 (1rp-— (31)'p)
@ Spin-1 axial vector meson S 3F e (e
decaying into p(770) 7~ = " 0100 <t <1000 GevZ/c?
i:; 2-5; o= (incc_Jher_ent sum)
@ Biggest wave in the analysis s 2 g Preliminary
with ~ 33% of the intensity in 2 N
the 7~ n*x~ channel £ 15/ =
@ The a;(1260) resonance is 1; ) .
clearly visible (It also shows 050 : -
through a phase motion which r —
is not depicted here) o T

06 08 1 12 14 16 18 2 22 24
Mgy (GEV/C)
@ Good agreement between

both channels 7 ntr and 77970 scaled to the

integrals
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Three pion final states LM

2+T1+p(770) = D wave

@ Spin-2 meson decaying into

_ x108 COMPASS 2008 (1rp - (3r) p)
p(770) T L 271 p(770) 1D
3 L TerPre, TrTrTe (scal ed)
. . = r 0.100 < t' < 1.000 GeV%/c?
@ Also a dominant wave with g - (incoherent sum)
~ 8% of the intensity in the 8 151 Preliminary
7~ w7~ channel z |
@ The ax(1320) resonance is i -
clearly visible i
051~ o
@ Good agreement between r o
both channels i - -
e b b b b b b b b
. 06 08 1 12 14 16 18 2 22 24
@ The ap(1320) is the most My (GEVI’)
beautiful resonance seen in
the analysis with nearly no 7~ rt7~ and 7~ 7%7° scaled to the
background integrals
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Three-Pion Final States LT

2-+1+£(1270) = S wave

@ State with quantum numbers <a0° COMPASS 2008 (1rp-- (31 p)
of a pion with spin 2 decaying - frrgrézﬂlrzrz%?;aled)
into £(1270) =~

o
w

0.100 < t' < 1.000 Gevzlc2+
(incoherent sum)

E Preliminary & °

@ The £(1270) is a well-known
state with quantum numbers

intensity (per 40 MeV/c?)
o
I )
N [

JPC = 2++ 0_15} .
o . S 0.1F . H
@ Takes ~ 7% of the intensity in g - :
the 7—7*7~ channel 005 B T,
. e .%__s,; |
@ The 7m2(1670) resonance is O e b L L L L
clearly visible 06 08 1 12 14 16 18 2 22 24

Mgy (GEV/C)

@ Also good agreement

—rTr~ and 7~ 7970 scaled to the
between both channels rrn Tn

integrals
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Three-Pion Final States

With these three waves, the gross features of the mass spectrum of the two

channels can be described

intensity (per 40 Mev/c?)

w

I}
2

Ny

=
@

-

=]
@

x10° p . W p(COMPASS 2008)
o ® x10° <
E COMPASSZOO8 2
3 3(1520) ntertp Boss;
s o1<t <T0CVAE °
3 ,(1260) 2 ek
S 3 O
g Preliminary i
2 i 0250
5 5
8 & o2
£
5
2 0asf-
01t
005
0: o T NN N N N N e e
06 08 1 12 14 16 18 2 22 24
0 05 1 15 2 25 35 4 45 5 o U
Mo (GevIc) Massof 77 7 System (GeV/c?)
x10° COMPASS 2008 (rp x10° COMPA§2008(Trp @D COMPASS 2008 (tp - (31) )
E Toprons| T L0 2T p77) D] G 03— 2"0‘( J(1270) S
s TOrOre, TeTeTe (scaled) | B - OO, TOTCTC (scdled)|  F T p OO, OO (scaled)
T 0100<t'<1000Gev¥c?| = < 0100<t'<1000GeVic?| = [ 0100<t <1oooeev2/c2+
- * (incoherentsum)| 9 - (incoherent sum)|  R0.25| (incoherent sum)
.- Preliminary| & 1sp Preliminary| & [ Preliminary s
n . = > 202 .
< 5 - 8 P
B = £ qf . Eoasf -
- - E < t
E - - - 01fF - 3
: - 05 Lol L + -
E - E - 005 - T,

- - £ < .
S [ =~ A e
L L L L L L L L L 0 L L L L L 0* L L L L L L L L L
06 08 1 12 14 16 18 2 22 24 0608 1 1214 16 18 2 2524 06 08 1 12 14 16 18 2 22 24

Mgy (GEVIC?) Mgy (GeVIS) Mgy (GEVIE?)
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Three-Pion Final States LT

4T+1+p(770) = G wave

10° COMPASS 2008 (1rp— (31 p)
471 p(770) G

TerPr®, Tt (scaled)

0.100 < t' < 0.116 GeV?/c?

0.100 < t' < 0.113 GeV?/c?

Preliminary + ﬁ

X

@ Spin-4 meson decaying into
p(770)

35

@ Only 0.76% of the intensity in 25

the 7—#+7~ channel

intensity (per 40 MeV/c?)
w

15
@ The a,(2040) resonance is w* ﬂh 4
clearly visible ! | #ﬁ + HM
05 i 1
@ PWA also allows to clearly obes Hﬂ%@&fﬂﬁﬁ%ﬂhr

extract waves on sub-percent 06 08 1 12 14 16 18 2 22 24
level M- (GEV/C?)

7~ rtr~ and 7~ 7970 scaled to the
integrals
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Three-Pion Final States LT

1++0+£,(980) 7 P wave

|
@ Intermediate state with same NEW RESONANCE!

quantum numbers as the first . ,,x10° COMPASS 2008 (1 D(gég)n); )
wave (JPC = 17), but 3 2F | TererS, e (scdled)
decaying into /(980) 7 gr 200 H1oo<rgnlc.oor?gr S‘Eﬁﬁ
18- onere
@ The £,(980) has the quantum % 16E * Preliminary
numbers JC = 0*++ - |
g +
£ 120
@ Only 0.25% of the intensity in b 1 ‘t
the 7~ 7~ channel oF { |
@ This a;(1420) was never seen °F + *J% '
. 4+ Jrjf 1 +
before due to its small o LA BUTRNS
intensity, but here it appears in oblenliil, AETRTA e
both Channels 06 08 1 12 14 16 18 mim,%Gze\/z/éz)
@ Only visible because of the
large COMPASS data set 7 ntr~ and 7~ 7070 scaled to the
integrals
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Three-Pion Final States LT

1++0+£,(980) 7 P wave

NEW RESONANCE!

@ Intermediate state with same i o
0.100 < t' <0.113 GeV¥/¢c? =« p — wx'n p (COMPASS 2008)

quantum numbers as the first § [ Phase[(T1701,(980) xP)- (110" p(?m% 79)]
wave (JPC = 1), but g 10 o N
decaying into /(980) 7 £ o [ /] ‘:’H
e * NiIRA|
@ The £,(980) has the quantum 3 “f‘ ‘ H‘ “% W
numbers J7¢ = 0+ °F / HH |
r ff
@ Only 0.25% of the intensity in '50? [ |
the =77~ channel 00 I&
o This a;(1420) was never seen s, }
before due to its small B +
intensity, but here it appears in 2001~ J f u
TR N |
08 1.0

P I S T T
12 14 16 18 20 22 24
Mass of x w*n~ System (GeV/c?)

both channels

ofF

@ Only visible because of the
large COMPASS data set
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Three-Pion Final States LT

1++0+£,(980) 7 P wave

|
@ Intermediate state with same NEW RESONANCE!

quantum numbers as the first . ,,x10° COMPASS 2008 (1 D(gég)n); )
wave (JPC = 17), but 3 2F | TererS, e (scdled)
decaying into /(980) 7 gr 200 H1oo<rgnlc.oor?gr S‘Eﬁﬁ
18- onere
@ The £,(980) has the quantum % 16E * Preliminary
numbers JC = 0*++ - |
g +
£ 120
@ Only 0.25% of the intensity in b 1 ‘t
the 7~ 7~ channel oF { |
@ This a;(1420) was never seen °F + *J% '
. 4+ Jrjf 1 +
before due to its small o LA BUTRNS
intensity, but here it appears in oblenliil, AETRTA e
both Channels 06 08 1 12 14 16 18 mim,%Gze\/z/éz)
@ Only visible because of the
large COMPASS data set 7 ntr~ and 7~ 7070 scaled to the
integrals
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Three-Pion Final States LT

Summary and conclusion

Summary

@ This data set is the largest for the 7= 7~ channel with ~ 50 000 000
events, which allows for a very detailed Partial-Wave Analysis

@ This analysis allows to extract waves on the sub-percent level

@ Very precise description of the accessible light hadron spectrum
(1%=17)

@ A new resonance, the a;(1420), was seen

» Was not expected at all at this mass
» The decay into ,(980) is peculiar
» Lies at the KK™* threshold

@ Intensity in the spin-exotic wave with quantum numbers J*¢ = 1-+ was
also seen

Outlook
@ Publication in progress
@ Extraction of resonance parameters (work in progress)
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The spin-exotic wave
1=+ p(770) 7P
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Spin-exotic wave m

1=+1+p(770) =P

@ Inthe 1~ T1%p(770) =P wave,

. . x10° COMPASS 2008 (n-p—(3m) p)
a signal was seen in the < _F 1% p(770) 7 P
analysis > Sop %t’norco et (scaled)
Q
= [ ' + 100 < t' < 1.000 GeV?/c?
Thi . . . . S 40 L + + Jr (incoherent sum)
) |s, wave Is s.p|n-exot|c, i.e. it R + h Wm Pleliminary
can’t be explained by the > W i
constituent quark model 2 30 H 1 ;
g F I u
- T it :
@ Interpretation in terms of 20 K
r N
resonances not clear at the r {; 4
moment 10 " 4
i + X
@ Shape changes with 0 P ey
four-momentumtransfer Bl b b b b b b b b b
06 08 1 12 14 16 18 2 22 24
m - (GeVich)
@ Compare to models for
non-resonant contributions m~rtr~ and 7~ 7%7° scaled to the inte-
(Deck-model) grals
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Spin-exotic wave m

1=+1+p(770) =P

@ Inthe 1~ T1%p(770) =P wave,

—
(=3
T

X np — ww'p (COMPASS 2008)
a signal was seen in the ”g ST 0.66% I™*1* p(770) 7 P
analysis z + 0.100 <t < 0.113 GeV¥c?
8 4
@ This wave is spin-exotic, i.e. it 2 | *
can't be explained by the s L
constituent quark model 5
E b
@ Interpretation in terms of zZ 2F HHM# v
resonances not clear at the i W” R
moment : th 4
' t ’%%
@ Shape changes with i ﬁ' ' *’» ]
four-momentum transfer T TR R AR Y S s A
Mass of the twnt System (GeV/c?)
@ Compare to models for
non-resonant contributions Result of the PWA and Deck-model scaled
(Deck-model) to integrated intensity
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Spin-exotic wave m

1=+1+p(770) =P

@ Inthe 1 | +p(770) TP wave, x10° T(p - TTTCP (COMPASS 2008)

a signal was seen in the 0.78% 171" p(770) P
analysis 0.127 <t <0144 Gev2/c?

~
2

IN

@ This wave is spin-exotic, i.e. it
can’t be explained by the
constituent quark model

Number of Events/(20 MeV/c?)
w
w Ul

N
a1
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
—
—_—
e
e

o I {
@ Interpretation in terms of 2 w b W‘%
)
resonances not clear at the 15 * !
moment A ‘ H
i R
@ Shape changes with 05 by i
STV OTERITS. e A AT NN NN AU AU (0 WV08 . 000 s A 2 13
four-momentum transfer 00508 1 12 14 16 18 2 52 52

Mass of the TrTrTT System (GeV/c?)
@ Compare to models for
non-resonant contributions
(Deck-model)

Fabian Krinner (TUM E18) Hadron Physics at the CompAss Experiment Jul 3061 - Aug 6P 2014 2428



Spin-exotic wave m

1=+1+p(770) =P

@ Inthe 1~ T1%p(770) =P wave,

X
b

TTp ~ TTTCp (COMPASS 2008)

X
a signal was seen in the © F oo 171" p(770) P
analysis g 3 + 0.326 <t < 0.449 Gev/c?
. N T P
@ This wave is spin-exotic, i.e. it % 2.5 H+ ﬂw
can’t be explained by the o I | t *
constituent quark model 5 2 AL
g r n # #
. . % 15K } H ’m H
@ Interpretation in terms of z2 L " 8
resonances not clear at the i R w H,
moment g ' I *ﬁ
05 ;+ LW g,
@ Shape changes with ¥ ’ﬂf ot M"
7\LL\.L?JN\\\‘\\\‘\\\‘\\\‘\\\‘\\\"L?,L\‘\
four-momentum transfer 006708 1 1214 16 18 2 22 24
Mass of the TrTrTT System (GeV/c?)

@ Compare to models for
non-resonant contributions
(Deck-model)
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Spin-exotic wave m

1=+1+p(770) =P

] In the 1_+1 +p(770) 7TP WaVe, 7p — wn'p (COMPASS 2008)
a signal was seen in the 0.96% I™*1* p(770) 7 P
analysis 0.7T =1'= 1.000 GeV?/c?

900
800

@ This wave is spin-exotic, i.e. it
can’t be explained by the
constituent quark model

700
600
500

Number of Events/(20 MeV/c?)

@ Interpretation in terms of 400 * ’
resonances not clear at the 300 ﬂ ﬁ + H
moment 200 * w HH H +

t

@ Shape changes with 100 N jj #H bogh J i “iﬁiﬁ Hﬂ j

four-momentum transfer 0“33“ dals "f‘“”ﬁ;“ VTS ‘1‘8‘ Lo ‘212‘ ‘*‘2#4

Mass of the twnt System (GeV/c?)
@ Compare to models for
non-resonant contributions
(Deck-model)
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Extraction of the isobar structure
(De-isobarred PWA)
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Partial-Wave-Analysis

De-isobarring

@ In usual PWA, fixed Intensity
shapes are assumed for s

the isobars, that have to :
be put into the analysis

s o o

14 16 18 2 22
Mass of the 71T System (GeVic?)

Intensity

Tntensity
Enfries 1998
Mean 09367
RMS 03162

Intensity

04 06 08 1 12 14 16 18 . 2 22
Mass of the Tt System (GeVic?)
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tial-Wave-Analysis

De-isobarring

@ In usual PWA, fixed Intensity _
shapes are assumed for it R o

the isobars, that have to
be put into the analysis

@ Theseadd upto a
complex shape

L
14 16 18 2 22
Mass of the 7T T System (GeVic?)
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tial-Wave-Analysis

De-isobarring

@ In usual PWA, fixed Intensity
shapes are assumed for :
the isobars, that have to
be put into the analysis

@ Theseadd upto a
complex shape

@ This shape is replaced by
a series of piecewise
constant functions

Intensity
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Partial-Wave-Analysis

De-isobarring

@ In usual PWA, fixed
shapes are assumed for
the isobars, that have to
be put into the analysis

@ Theseadd upto a
complex shape

@ This shape is replaced by
a series of piecewise
constant functions

@ With these, the (binned)
shape of the isobars can
be determined in the fit

Fabian Krinner (TUM E18)

Intensity

Hadron Physics at the Compass Experiment

Intensity

L L
04 06 08 1 12 14 16 18 2 22
Mass of the 7T T System (GeVic?)
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Partial-Wave-Analysis

De-isobarring

@ In usual PWA, fixed
shapes are assumed for
the isobars, that have to
be put into the analysis

@ Theseadd upto a
complex shape

@ This shape is replaced by
a series of piecewise
constant functions

@ With these, the (binned)
Shape of the isobars Can 11 12 183 14 15 16 17 18 19 2
be determined in the fit sl rr e

@ Since this analysis can
also be done in bins of o )
my, a two dimensional This is not a Dalitz plot
picture is obtained

# p x'x p COMPASS 2008

8Co 0 ) S
0.20<1'<1.00 (GeV/c)

Mass of 777" (GeV/c?)
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The five-pion final state
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Five-pion final state

@ Process is similar to the
Three-Pion channels

@ The state X~ decays into
five pions

A

COMPASS 2004

T T [T T [T [ T[T

Events / (15 MeV)
w = n

S

1 5 6
Mass of 57 System (GeV/e?)
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Five-pion final state

@ Process is similar to the
Three-Pion channels

@ The state X~ decays into
five pions

@ Again, the isobar-model is
applied, but there are now
different topologies

A

Events / (15 MeV)
S w = n
T T [T T [T [ T[T

1 5 6
Mass of 57 System (GeV/e?)
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Five-pion final state

@ Process is similar to the
Three-Pion channels

@ The state X~ decays into
five pions

@ Again, the isobar-model is
applied, but there are now
different topologies

A

COMPASS 2004

Events / (15 MeV)
S w = n >
T T [T T [T [ T[T

1 5 6
Mass of 57 System (GeV/e?)

Fabian Krinner (TUM E18) Hadron Physics at the CompAss Experiment Jul 301 - Aug 6P 2014  28/28




Five-pion final state

@ Process is similar to the
Three-Pion channels

@ The state X~ decays into
five pions

@ Again, the isobar-model is
applied, but there are now
different topologies

10°

COMPASS 2004

Events / (15 MeV)
S w = n >
T T [T T [T [ T[T

1 5 6
Mass of 57 System (GeV/e?)
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Five-pion final state

@ Process is similar to the
Three-Pion channels

@ The state X~ decays into
five pions

@ Again, the isobar-model is
applied, but there are now
different topologies

@ This results in ~ 1700
waves and ~ 10'%
possible wave-sets

@ Use a genetic algorithm to
find the right wave-set

A

COMPASS 2004

S
2
=
H
&

=

S

| | |

1 5 6
Mass of 57 System (GeV/e?)
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