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Qutline:

* Introduction
»The COMPASS experiment & light meons spectroscopy

» PWA method: 3= final states (diffractive, charged, 2004 data)
 First results on diffractive production (2008 data):

= Neutral channels

» 3r final states neutral vs. charged mode (first PWA fits - main waves)
» Further ongoing analyses

= Kaonic channels
> (KKTE)_: KSKSTE_’ K*Kn™mass SpeCtra bmb-+f - Férderschwerpunkt

. =0
» Further ongoing analyses ? ... COMPASS

e Conclusions & outlook

* GroBgerate der physikalischen
Grundlagenforschung
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f@i The COMPASS experiment

COmmon Muon Proton Apparatus for Structure and Spectroscopy
(~270 physicists, 25 institutes, 12 countries) SR

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

SM2
E/HCAL ' '

3 E/HCAL

r &~

4

Target RN P Muehwall
ditterent i) R N b) Baryon & meson spectroscopy:
~ ’ 1l * Diffractive production

| 1IRY » Central production
e Primakoff
-> hadron beams (190 GeV/c n",K")

Beam %
(muon or hadrdn)

[hep-ex/0703049, NIM A 577, 455 (2007)]
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{ + The COMPASS experiment
N

COmmon Muon Proton Apparatus for Structure and Spectroscopy
(~270 physicists, 25 institutes, 12 countries) SR

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

SM2_,
E/HCAL ' '
’ NN 2 J

Target RN P Muehwall
(different Ko . &..,! LSS b) Baryon & meson spectroscopy:
Ny . Diffractive production (this talk)

| 1IRY » Central production
e Primakoff = see Talk, S.Grabmidiller (B4)

Hadron runs: - hadron beams (190 GeV/c n",K)

« 2004 pilot run (4 days n~on Pb target: ~BNL statistics)
« 2008/09 (10-100x world stats (LH,), n*, K *, p* beam, plus nuclear targets)
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f@% Mesons and Spin Exotic States
N %

Constituent quark model QCD: meson states beyond

* color neutral qq s.ystgmpsC . Glueballs:  gg, ggg —

* Quantum numbers I*J L =

P = (_1)L+1 C = (_l)L+S G = (_1)|+L+1 ¢ Hybrlds. qQ_g _

e JPC multiplets: 0** ,0~*, 1,1+, 1+ 2+ _, * Tetraquarks: (9a)(99) Q=Q O=O

* Forbidden: 0~ ~, 0% ,1~*,2* 3", ...
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f@% Mesons and Spin Exotic States
‘4

Constituent quark model QCD: meson states beyond

* color neutral qq s;ystgmpsC . Glueballs:  gg, ggg —

* Quantum numbers 1©J : 2 —r

P = (_1)L+1 C = (_l)L+S G = (_1)|+L+1 ¢ Hybrlds: qQ_g _

e JPC multiplets: 0™ , 0=+, 1=, 1+, 1+ 2+ .. | Tetraquarks: (qq)(qQ) Q=)

* Forbidden: 0~ ~, 0% ,1~*,2* 3", ...

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

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

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

e 1,(1600): E852, VES —> pr, n'm, f,, by « forwards kinematics, target stays intact
* 1,(2000): E852 —>f (1285) m, b,(1235)

.... Still controversal 2 COMPASS Abeam hy

!
htarget h

Frank Nerling COMPASS Hadron Spectroscopy -- Neutral & kaonic final states 14/06/2010



f@% Mesons and Spin Exotic States
‘4

Constituent quark model QCD: meson states beyond:

* color neutral qq s;ystgmpsC . Glueballs:  gg, ggg —

* Quantum numbers I*J o - —

eP= (-1l C=(-1)S G = (-1 * Hybrids: qag

e JPC multiplets: 0+ ,0-+,1-~, 1+, 1+ 2+ | ° Tetraquarks: (qq)(qq)

* Forbidden: 0~ ~, 0% ,1~*,2* 3", ...

Hybrid candidates (1.3 - 2.2 GeV/c?): Diffractive scattering
lightest hybrid predicted: exotic JP¢ =1+ e study of J°¢ exotic mesons
* ©,(1400): VES, E852, Crystal Barrel —> 11 » t-channel Reggeon exchange
e 1,(1600): E852, VES —> pr, n'm, f,, by « forwards kinematics, target stays intact
* 1,(2000): E852 —>f (1285) m, b,(1235)
.... still controversal 2> COMPASS Pbeam ~
X g+

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

T p—>nrntn p (charged mode)
e small momentum transfer

htarget hiarget
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domp o
+ PWA using isobar model
)

_ %7 Bachelor
7T [JFC M€] _ ) .
¢ — +: natural T X decay described using isobar model:
parity exchange — * Intermediate di-pion resonance (isobar)
L » Spin S and rel. orbital angular
£ = —: unnatural _
T 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)

* |sobars: (7x)g [broad f,(600)+f,(1370)], f5(980), p(770), f,(1270), p5(1690)
* Acceptance: corrections included (2004: ~60%, rather flat)

Step 1) Mass independent PWA: (40MeV/c2 bins, 41+1 partial waves)

N, 2
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@% 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)
* |sobars: (7x)g [broad f,(600)+f,(1370)], f5(980), p(770), f,(1270), p5(1690)

* Acceptance: corrections included (2004: ~60%, rather flat)

Step 1) Mass independent PWA: (40MeV/c2 bins, 41+1 partial waves)

Step 2) Mass dependent Xz fit: (to mass independent result)
* 6 main partial waves chosen, parameterised by Breit-Wigner
® Coherent background for some waves
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f@i Diffractive dissociation into 3x final states
\,/ (2004 data, Pb target) [PRL accepted]

= x10°
L 35p a,(1320) o
> - A I:l event distribution
= C
E 3 - background wave
= 250 a,(1260)
S
Z 2 1,(1670)
L5
0.5
O:' L A.hu,u..lA‘\A‘TA‘\“T“P‘nmu---uih.uuu.\u“. i
0 0.5 1 1.5 2 25 3

Mass of T System (GeV/c?)
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f@i Diffractive dissociation into 3x final states
\,/ (2004 data, Pb target) [PRL accepted]
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10°

X

Diffractive dissociation into 3x final states

(2004 data, Pb target)

b ]

Events / (5 MeV/¢™)
e
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h
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+ background wave
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b ]

Events / (5 MeV/¢™)

-

Intensity / (40 MeV/c™)

Diffractive dissociation into 3x final states

+
(2004 data, Pb target) [PRL accepted]
x10° .
3.5 RS H o
C a,(1320) I:l event distribution > b IRl (d)
3E = 7005
F +  background wave = -
250 a2 % 00
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@ Diffractive dissociation into 3= final states

+
N % (2004 data, Pb target) [PRL accepted]
= x10° .
bW 3.5F RS H
; - a,(1320) |:| event distribution > 800F I" I'prc P H (d)
L O -
E 32 background wave E 7005
Cast a2 % 00
S £ 500F
S m,(1670) £ F I
o F S 400
1.5 = -
B 3001
IE 2001~
e 1005 | ”
O: | | aaladdaal 1AA\A‘TA‘\‘ T“ll‘.umunuﬁhm.u.m1“ [ O; *‘nli\ | _’ - '\__-I;I}
0 0.5 1 1.5 2 2.5 3 0.6 08 1 12 14 l( 18 2 22 2.4
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. %10’ .
L 164 17+07pn:S | e sn |
S 14f See dedicated presentation
2 1o by B. Gr'ube —> poster session - No 14
HR i - T ———
5 8F - =
SIS 2300 | BW parameters for the x,(1600):
- - +0
id 3000 [ o M = (1660 + 1072, ) MeV//c2
- C . +
o 3507 | [ = (269 + 21___64)|\/|eV/c
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@ COMPASS spectrometer: Hadron setup 2008/09

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

+Upgraded trackers close to beam:
ColdSilicons, PixelGEMs

RICH-PID: K T,

ECAL2
(0.4°< 0, < 2°)

0.4m
liquid H, target

(2°< 0, <12°)

i, K~ :
P I Electromagnetic calorimeters
Rec_0|I detector (R.PD) (e.g. #z°x° nnfinal states)
CEDARS to trigger on reactions
Beam particle PID inside target
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f@i Diffractive dissociation into 3x final states
" (2008 data, LH, target)

Analysis of 2008 data
(liquid hydrogen target, beam: 94.7% n-, 4.6% K-, 0.7% p )

« Simultanous observation in neutral mode:
-> 31 example:
v 1~ p —>nrntr p (charged mode)
v 1 p —> 1w p (neutral mode)
- > independent measurement (same apparatus)

=> important cross checks
=> confirmation of any new state observed

- > First look intfo charged vs. neutral mode (main waves)
=> Isospin symmetry check (mass independent fit)
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Diffractive dissociation into 3x final states

neutral mode

(2008 data, LH, target)

charged mode

n
% 100 COMPASS 2008 el COMPASS 2008
2 = (10% of 2008 data) | 1O = I Th TR p
B TP — n'TPTPp u WO RCCEptance cormection
i no acceptan-:e correction L
3
10 = I u:n L. {21% of 2008 data)
108 n""T' r — \
= 10" &
L = H"‘*ﬂw_.ﬁ
= 10° = s
i 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 : -H-l_h.q‘-’l
0 14 _||||||||||||||||||||||||||||||||||_|||
momentum transfer t' [GeV/c]] 0 02 04 06 08 1 1.2 1.4 1.6 1.8 2

Momentum Transfer t'(GeV</c)
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f@i Diffractive dissociation into 3x final states
" (2008 data, LH, target)

Mass of outgoing r system -- neutral mode Mass of outgoing r system -- charged mode
w4000
5 - 3(1320) COMPASS 2008 Xl
% 35000 (10% of 2008 data) o 0.12— a,(1320) COMPASS 2008
py E aj12a0) ip— Tl:_T[!]TE]p ;é B Tp — AT p
- — no acceptance correction ) __ 0.1 GeV¥e <t < 1.0 Gev'ie®
E 3000; " ,L:—E 0.1 - a,(1260) WD acceptance correction
% 2500F 5 - {21% of 2008 data)
- 2 0.08—
2000 -
. n(1670) 0.06— m,(1670)
1500 N
1000[- ; 0.04—
500 J 0.02—
:I L1l L1 | | I | | I 111 | | | I 111 | | | 1 1_! -—!-gH-hﬁ:t :
% 05 1 15 2 25 3 35 4 45 b P | R v
inv. mass of 7% system [GeV/c] 0 1 z ] 4 3 6

Mass of T T T System {Ge‘-f’;’c:}
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N4 First comparison: Neutral vs. charged mode

a, (1320) — normalisation & a, (1260) —> pm

x102
®, 3000 |- COMPASS 2008 o
= N + CT T =
3 2500 - $ ( 21% of 2008 data) F
[ [ - 0.0 )
'E' - *TTT E
. £ mass Indep PWA
1500 I~ (42 waves)
[ +
R = no acceptance
1000 |~ correction
- -
i +
500 - -
- $ .
| - _
0 | L T =~ "SRR S ——
0.3 075 1 1.25 1.5 1.75 2 225 2.5

2

Isospin symmetry: neutral / charged mode
* [sobar decaying into f, 1t: 1/2 intensity expected
* isobar decaying into p : 1/1 intensity expected

x102
. Jr COMPASS 2008
3500 [ .|. e
- - + *TTT
000 —_ - {E"%ﬂ" 2008 data}
- -_0_0
- + i *sTT T
2%00 :_ - { 10°%: of 2008 data)
2000 :— i ¢ mass Indep PWA
- (42 waves)
1500 = { S no acceptance
E - t correctlon
1000 o } -i
2 ) %,
500 : ¢ i
n) : '—-l‘-.' | o 1 o | M
05 075 1 1.25 1.5 1.75 2 2.25 2.5

2
JFOMF =10 p770) S BVC
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\ &4 First comparison: Neutral vs. charged mode
T, (1670)—>,(1270) ®@ & 7w, (1670) —> p (770) =t

g - COMPASS 2008 o -
2 x10 | 930000 [- COMPASS 2008 |
U - — - U [ o
= 10000 - T = I T
3 [ (21% of auua data} - ¥ 25000 {219 of 2008 duata}
£ - o nn’ - = t o' +
L 8000 | 10% of 2008 data) 2 [( 109 of 2008 data)
w i - = W 20000 (-
6000 |- mass Indep PWA " mass Indep PWA
- (42 waVes) 15000 [~ (42 waves)

4000 :-2;:352:.3"“ - h”f -. o [ omoapimes H{ iHH
i LS ’{} * H

2000

. b ’n‘J‘Hr

0 R I T ﬂ-‘}'ﬂ# L 5 1 5 1 1.*?1:%."' 0 P T SR BT BT S B
0.3 075 1 1.25 1.3 1.75 2 2.25 2.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5

2
JPONE = 270* (1270) S SV JPCME = 20" p(770)r F - ©VC

!
g

o
(2

Isospin symmetry: neutral / charged mode
* [sobar decaying into f, 1t: 1/2 intensity expected
* isobar decaying into p : 1/1 intensity expected
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T

1 masses in 2 y channel:

16000

14000
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G000
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COMPASS
28% of 2008 DATA
Tp=T Ap

my, = Sd8.T £ 0.1 MeV
G=22.5+01 MeV

04

1N masses in 4 y channel:

L I L
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= 1600

1400
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1200
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COMPASS

42% of 2008 DATA
Tp—=T NP

m,, = 548.6 + 0.2 MeV
a=23.x0.2 MeV

:=._I|III|II

Further neutral channels (PwWA ongoing):
D—>TT NP &M P—=>T MNP

= . ;
B af1320)

2 10000 A1320) COMPASS
8 B 28% of 2008 DATA
£ soool— poETp
& C

5000
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2000—

_I IIIIIIIIIIIIIII 11 | IdIIIIIJJIIIIIIII
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350
g C w1800
= F 7, 1880)
E 200 - COMPASS
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P11
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1 masses in 2 y channel:

15505 COMPASS
28% of 2008 DATA
14000 TP p

my, = 5487 £ 0.1 MeV
a=223+01 MeV

12000

10000

8000

G000

4000

2000

L I L
04 0.45 05 0.55 06 0.65 [y 075
m, [GeV]

1N masses in 4 y channel:

E 1600 COMPASS

— 42% of 2008 DATA
E 1400 T p—=Tnmnp

E m, = 548.6 £ 0.2 MeV
S 1200 a=23.x0.2 MeV

1000

800

600
400
EDD:—I l | | | | | |
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120

Further neutral channels (PwWA ongoing):
T P—>T MNP &M P—=>T MNP

C aj1320) COMPASS
C 23% of 2008 DATA
__ Tp=TNp
_I IIIIIIIIIIIIIII 11 | IdIIIIIJJIIIIIIII
5 1 15 25 3 35 4 45 5§ 55
m,[GeV]
COMPASS
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2z
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f@i Further neutral channels (PWA ongoing):
< TP—=>7T MNP &MU P-—>T NNP

1 masses in 2 y channel: = —
COMPASS 2000 COMPASS
16000 — b = L
r 28% of 2008 DATA = L 28% of 2008 DATA
r ha 2y -] - - -
14000 tp;”' e v E 2000— Tp=np

Further ongoing analyses (involving neutrals)
et M, TNN & T T TN (n—>yy &n —>3n)

—> 1,(1400) —> ™,

—> lightest glueball candidate 0*" —> nn
e tnl , nn ot & T ntnln? RN SR S

=> accessible intermediate isobars: fl, b1 N, N, ® -> search for spin exotic states
n mg --> COMPASS: significantly more statistics w.r.t. previous experiments

JCOMPASS

After hardware upgrades introduced in 2008/09: 2%, o1 2008 T

* Optimisation of ECals reconstruction (under development) [Fe-2xmmp
* important for all final states involving neutrals
=> Will improve statistics outcome & resolutions

600

&
TTT III|III|I

400

IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 1 11
1 12 14 18 14 2 22 24 28 28 3 32 34
200 My [GeV]

'=._I|III|II |II

II 111 II 111 I L1 1] I L1 11 I 111 II 111 II 111 1 I Ll
A 045 05 055 0.6 065 0.7 0.75
Mass [Ge\/]
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RICH: Final state particle ID

SICE
._.-l E'.I.'. I,'

Major upgrade in 2006:
[NIM-A587:371-387, 2008], [NIM-A616:21-37, 2010]

CEDARs: Beam particle ID

-

Studies of final states with (hidden) strangeness
-- Kaonic channels

=
pheton _E'
el i —
_q
o
PETL
" wall
E
i
5.
el sl | | 1 A
[ 20 30 41 56 6l
P (Gelic)
Motivation:

« Search for J°¢ spin exotic mesons

decaying via KKn
» Study glueball candidates predicted

to decay into KK
* New insights on kaonic spectrum

in general

14/06/2010
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f@'l’ t  Studies of final states with (hidden) strangeness
N -- Kaonic channels

RICH: Final state particle ID | \
: 5"'5*'.-:: g
‘l __“_:E \ __.;-;'%fj:?lll;h "_i
'-"IE"." V @ o 4 fo e
- | SR pay. 1
. _IT_T . i I.I:-.l n_.'\."-" I I:\!{ f;- i
i -
2 5 :.
. | i
. . 20 1 | | 1 1
Major upgrade in 2006: AT O A
[NIM-A587:371-387, 2008], [NIM-A616:21-37, 2010] '
CEDARs: Beam particle ID
g % [9@ GDT[(_DO Ooo o Majority 6 of 8 PMTs l Motivati O n :
o - C Majority 8 of 8 PMTs . .
Si07- R - « Search for J°¢ spin exotic mesons
E F - P decaying via KK
S e ] © ,G?,CE,Q',D ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . .
B S  Study glueball candidates predicted
e e to decay into KK
= LI » New insights on kaonic spectrum
Setting for Kaon separation in 2008 in genera|
5 1 o6 o
- (I

1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
0.0344 0.0346 0.0348 0.035 0.0352 0.0354
pressure/temperature [bar/Kelvin]
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Kaonic channels |: Kaon diffraction
Kip—>K ntrntp

Main issues of selection:

* Beam kaon tagged by CEDARS

* Final state kaon identified by RICH

* ~600 k events on tape (2008 data only)
- to be compared with ~200 k events WA3

c-b-. I COMPASS 2008 negative hadron beLm
> 14000 KpoKn'n
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f@i Kaonic channels II: (KKr)"
\,/ Tp—>nmKKp vs. imp—->nKKp

Main issues of selection:
* Beam kaon anti-tagged by CEDARSs

* Final state kaon identified by VO vertex (K K.) or by RICH (K*K~)
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* Combinatorics in K.t~ case
* Resonances: K*(892), K,*(1430), K;*(1780), also probably K,*(2045)

Frank Nerling COMPASS Hadron Spectroscopy -- Neutral & kaonic final states 14/06/2010



f@i Kaonic channels II: (KKr)"
" rp-—>nKKp vs. mp-—>nKKp

Main issues of selection:
* Beam kaon anti-tagged by CEDARSs

* Final state kaon identified by VO vertex (K K.) or by RICH (K*K~)
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¢ Difference near threshold 2 momentum cut due to RICH
* known resonances seen as expected
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f@i Kaonic channels II: (KKr)"
\,/ Tp—>nmKKp vs. imp—->nKKp

Main issues of selection:
* Beam kaon anti-tagged by CEDARSs

* Final state kaon identified by VO vertex (K K.) or by RICH (K*K~)
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* Objects at 2.2 GeV, resonances decaying via K*s ?
®* more structure near 3-body threshold in neutral channel
(no momentum cut due to RICH)
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& Kaonic channels II: (KKn)~
- p —>nK'K-p vs. muon data
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\j Conclusions & outlook a)

« COMPASS: high potential for Hadron Spectroscopy

v/ 2004 data: Observed exotic J°¢ 2 1,(1600) (subm. Phys.Rev.Lett)
v/ 2008/09: Data taken with hadron beams on proton & nuclear targets
v Very high statistics (10-100x world statistics)

* COMPASS measures Neutral & Charged channels

 First results on 37t final state (diffr. dissociation) 2008 data
v" First comparision neutral vs. charged mode (PWA: isospin symmetry)
=> independent confirmation of new states within same experiment

* First results on ninn final states, 2008 data
v" First look promising (PWA underway)

=> Will benefit from ongoing optimisation of ECal reco
(for full usage of hardware upgrades)
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" Conclusions & outlook b)

 First results on kaonic final states (diffr. dissociation)
v (KKn)—: First comparison K. K.~ vs. K"K+t~ (PWA underway)
v'Kaon beam: First look into K=mttnt~ promising (2008 only: 3x WA32))

Outlook: Further ongoing & promising (KKn)°:
(KKn)? in KK+~~~ final states (PWA started, higher masses (> 2.2 GeV)
> PWA of {(1285)7 & f,(1420)7 (= never done before)

=> more results soon

Further final states currently analysed:

» 571t (charged & neutral),
» 4x (Central production, also lepto-production (2004/6/7 data)
» Baryon spectroscopy (charged & neutral),

Also: 3rn low t’ & Primakoff = Talk by S.Grabmuller
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COMPASS 2008/09:
=> 10-100 times ,world statistics" l
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