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Outline:

* Introduction
» Physics adressed by COMPASS
» The COMPASS experiment

* First results using hadron beams
» Spectroscopy — Search for spin-exotic mesons
* Partial-wave analysis-method (using published results, 2004 data)
¢ Status of search for spin-exotic mesons (diffractive production, 2008 data
® Search for scalar glueballs (central production)
» Further measurements (Primakoff, photo-production, OZI violation ...)

* Summary & outlook
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The qgoal:

COMPASS - The facility to study QCD

Physics with Muon & Hadron beams

Study non-pertubative regime of QCD & probe structure and dynamics of hadrons,
complementary methods:

Large Q3

Nucleon structure:

* Helicitiy, transversity PDFs
* Generalised PDFs (future)

Low QZ:

Spectroscopy
* Mass spectrum of hadrons
* Gluonic excitations (spin-exotics)
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Very low QZz:

* Pion, Kaon polarisibilities
* Chiral Anomaly F,_ (future)
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Physics with Muon & Hadron beams

/M}s COMPASS - The facility to study QCD
\ &4

The goal:
Study non-pertubative regime of QCD & probe structure and dynamics of hadrons,
complementary methods:

Large Q3 Low Q% Very low Q3
Nucleon structure: Spectroscopy
* Helicitiy, transversity PDFs * Mass spectrum of hadrons * Pion, Kaon polarisibilities
* Generalised PDFs (future) * Gluonic excitations (spin-exotics) * Chiral Anomaly F,_ (future)
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Production Main focus in this talk
R ® Hadron physics, first results
_— from diffractive production
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COmmon Muon and Proton Apparatus for Structure and Spectroscopy
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f@% COMPASS spectrometer: Muon setup
" (2002-07, 2010/11)

a) Nucleon spin structure:
- polarised muon beam (160/200 GeV/c p*)
polarised solid targets (°LiD, NH,) ECAL2

ECAL1 SM2
HCAL1

RICH

\
SM1 \
Polarized \

Target

Muon-filter

Veto

b) Spectroscopy: Hadron runs:
« 2004 pilot run (4 days 190 GeV/c n~, Pb target: ~BNL stats.)

« 2008/09 (large statistics, 190 GeV/c LH, target, n*, K *, p* beam,
and some data on nuclear targets)
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f@ COMPASS spectrometer: Hadron setup

(2008/09) -- main changes w.r.t. muon setup

All COMPASS trackers (upgraded close to beam):
SciFi, Si, MM, GEM, DC, Straw, MWPC ... | 4

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 |

PID using (final states involving neutrals,
RICH & CEDARSs e.g. n’,mn,0rn’)
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@ Mesons and Spin Exotic States

K
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: 04+, 0-+, -, 1+, 1++, 2++, ... | " Tetraquarks: (qq)(qq) O=0

* Forbidden: 0-~, 0"~ ,1-*,27-,3"7, ...
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@ Mesons and Spin Exotic States
L

Constituent quark model QCD: meson states beyond

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

* Quantum numbers 1©J : 2 —r
eP=(1) C= (1S G = (1)L *Hybrids:  qqg

e JPC multiplets: 04+, 0-+, -, 1+, 1++, 2++, ... | " Tetraquarks: (qq)(qq)

* Forbidden: 0-~, 0"~ ,1-*,27-,3"7, ...

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, ', f,, by « forward kinematics, target stays intact
* 1,(2000): E852 —> f,(1285) 7, b,(1235) = * small momentum transfer

.... still controversial 2 COMPASS Rbeam

!
htarget ht arget
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f@i Mesons and Spin Exotic States
N 4

Constituent quark model

* color neutral gq systems

e Quantum numbers I© JPC

P = (_1)L+1 C = (_l)L+S G = (_1)I+L+1

e JPC multiplets: 0** ,0-7*,1-—, 1+, 1%*,2%*, ...
* Forbidden: 0-~, 0"~ ,1-*,27-,3"7, ...

QCD: meson states beyond
» Glueballs: gg, ggg —
» Hybrids: gdg ONO
» Tetraquarks: (qg)(dq)

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

lightest hybrid predicted: exotic JP¢ =1+

* 11,(1400): VES, E852, Crystal Barrel —> 17
. n1(1600):‘n, f., by
* 1,(2000): E85Z—>T11285) 7, b,(1235) =t

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

. . h
.... still controversial = COMPASS beam X T
4 ?_I,:_I_

. ™
COMPASS (2004 pilot run)
* 190 GeV ©~ beam (Pb target) R (P)
» studied prt decay channel via

w Pb—> trn'n~ Pb
htarget h;arget
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f@ The r,(1600) in the 1-+ partial-wave

controversy -- some history
n1(1600):‘n, fim, bym
.... still controversial 2 COMPASS

BNL/E852:
* 250k events (charged), 18 GeV/c, 21 waves

1500Hb) (191
1000} HH H
i
i/
500 | ’I |
LL|| | H“HJH*M* }
1.0 L5 2.0

[G.S. Adams et al., E852, PRL 81, 5760 (1998)]
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f@ The r,(1600) in the 1-+ partial-wave

controversy -- some history

7,(1600): (E852, VES —> pnt ) 7, fm, bm E852-1U re-analysis:
____still controversial = COMPASS * higher statistics: 3M & 2.6M (neutral & charged)

* extended wave-set (35 waves) => 1-* object vanished
2 | | | 5 | | |

s |@ }E HAn I e AW B |
¢ | e v R |
BNL/E852: S . # % : El By |
* 250k events (charged), 18 GeV/c, 21 waves = o
1500 _(b) (1+) | L%' ;@&Hﬁﬁ# 07 AD(2t+- 1) :_
’ m ’ T e T30 12 | 1e | 2b
1000}k M H ’ M(mrn?) (GeV) M(m %) (GeV)
| | | 5 ] ] | .
- A high wave (a) (b) ?
S00F / ’m ’M E =4 A low wave %: a | ,g - %l -
LN L RIS 1L+
|u|| | “HHJHNJL} § . {% ﬁ }ﬁ i -"3 i ‘gx&kﬁi%ﬂ% s L
1.0 1.5 2.0 < %\%ﬁ { Z g a e |
M(t*r) (GeV) 2 ity i i ird
g { I{ké 0 AD2T =171 IS
. 0 g I I | ﬁ_ I I
1.2 1.6 20 12 16 2.0

validated to be leakage from a,(1320) M) (GeV) M) (GeV)

[G.S. Adams et al., E852, PRL 81, 5760 (1998)] [A.R. Dzierba et al., E852-1U, PRD 73, 072001 (2006)]
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The 7,;(1600) in the 1-* partial-wave

controversy -- some history

E852-IU re-analysis:
* higher statistics: 3M & 2.6M (neutral & charged)
* extended wave-set (35 waves) => 1-* object vanished

2
"4
7,(1600):

.... still controversia COMPASS

2 | l = > |'I Wi \nle |
s |w B AR w]
¢ | g v[E |
BNL/E852: g | ] A% |
* 250k events (charged), 18 GeV/c, 21 waves = ﬁ o %:E
= i } % _a‘:m_ % L
1500 _(b) ( 1+) | wﬁﬁigﬁéﬁk 0 AD(2t+- 1) :_
’ m ’ _ 16 20 12 16 20
1000} | 1= object reproduced M(mr°n®) (GeV) M(m ) (GeV)
{ | using low wave-set R hi' hwav'e : 5 : ' —
/ m } A Ic:-g.f wave (a) L . (b) ? L
500 ’ }
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validated to be leakage from a2(1320)

[G.S. Adams et al., E852, PRL 81, 5760 (1998)]

g™ %} !
s PRl
PR

1.2

6 2.0

M(rtttm) (GeV)

=]

1
P

£
l

A highwave |
_ A low wave |
ABRY T =1"Y | T
| |
1.2 1.6 2.0

M) (GeV)

[A.R. Dzierba et al., E852-1U, PRD 73, 072001 (2006)]
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7 COMPASS PWA method
N %
X~ Ba_chelor

s [JPCMe) . | L
R— X decay described using isobar model:
* Intermediate di-pion resonance (isobar)
» Spin S and rel. orbital angular
T momentum L w.r.t bachelor 7z~
e L+S couple to J
* Partial waves (reflectivity basis): J°¢ M¢ [isobar] L

parity exchange

£ = —: unnatural

parity exchange

Target Recoil

Partial wave analysis:
* |[sobars: All possible, needed isobars
* Acceptance: corrections included (normalisation integrals )

Step 1) Mass independent PWA (loglikelihood fit)

Step 2) Mass dependent Xz fit: (to mass independent result)
* Main partial waves chosen, parameterised by Breit-Wigner
* Non-resonant background for some waves
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f@i Diffractive dissociation into 3= final states
\/ (2004 data, Pb target) [PRL 104 (2010) 241803]

= x10°

2 35 a,(1320) o
> A I:l event distribution
]

E : background wave
= 2.5 a,(1260)

5

z 2 1,(1670)

1.5
1
0.5
0 | | malidkadl 1AA\A‘TA‘\‘ T“ll‘.umuuuﬁhm.u.m1.. [
0 0.5 1 1.5 2 2.5 3

Mass of T System (GeV/c?)
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OMP,

N

(2004 data, Pb target)

Diffractive dissociation into 3x final states

[PRL 104 (2010) 241803]

= x10° .
L 3.5 RS = [
> - L2 I:l event distribution > B00F[ I' T pP
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Diffractive dissociation into 3x final states
(2004 data, Pb target) [PRL 104 (2010) 241803]

= x10° s
rjx‘-) %5:_ rji"._ E_ 4+
> - L2 I:l event distribution > S00F I L prP
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¢omPp
i / Study of the exotic 1-+ wave
\,}j ¥

-- different decay channels ...

Hybrid candidates (1.3 - 2.2 GeV/c?): Fibeam v g T
lightest hybrid predicted: exotic JP¢ =1+ \‘\.—‘——-ég ot

* ©t,(1400): VES rystal Barrel —> 11t Tl

* m(1600): ., by R (P) (charged/neutral)
* 1,(2000): E85Z—>T(1Z285) m, b,(1235) =t

.... still controversial 2 COMPASS e

- access to all decay channels, spin-exotics htal‘get h;arget

were reported in so far ..

COMPASS (2008/09 data), lets focus on:
* 190 GeV 7t~ beam (proton target)

e study of pt decay channel via:
a) Tt p—> nntn p (charged mode)
b) m~ p —> n~nxn® p (neutral mode)
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domPp
i / Study of the exotic 1-+ wave
\,}j ¥

-- different decay channels ...

Hybrid candidates (1.3 - 2.2 GeV/c?):
lightest hybrid predicted: exotic JP¢=1-*

* ©t,(1400): VES, E852, Crystal Barrel —> 1
e 1,(1600): E852, VES —¥1

e 1,(2000): E852 —

.... Still controversial 2 COMPASS

- access to all decay channels, spin-exotics
were reported in so far ..

COMPASS (2008/09 data), lets focus on:

* 190 GeV 7t~ beam (proton target)

e study of pt decay channel via:
a) Tt p—> nntn p (charged mode)
b) m~ p —> n~nxn® p (neutral mode)

hbeam i e T
)& ;‘T-I_ ﬂ:ﬂ
E o

R (PP) (charged/neutral)

/’/.\~\

!
htarget ht arget

... and further decay channels:

* study of n =, nt decay channel via:
Qmn p—>71TMNp
)T p—>1mMp

* study of f,n decay channel via:
a) - p —> KKnn~ p (two modes)
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Diffractive dissociation into 3x final states
(2008 data, proton target)

domp
2

search for 7t,(1600)

Mass of outgoing 3= system — charged
mode: T~ p—> T Tt P

Mass of outgoing 3w system — neutral
mode: = p —> © 70 p

x10°

o 16000
0 0.12— 125(1320) COMPASS 2008 = - 8,(1320) COMPASS 2008
:;' I ."! 2 : ; : I w I - -
2 MR N AR | = 14000} ip — idp
. Uit J | SAMEIE SE S AmE” | 9 - (38% of 2008 data)
Z :III: |2[3U_} )I \ WD seceplance comechion __; 12DUﬂ__ a{1260) S
o -l f 38% of 2008 data = - 0.1 Gevre® <1’ < 1.0 Gevre®
4 0,08 [ 3 10000
B ol -
0.06— [ m(1670) 3000
B / W H'.L B [ 1670)
|' \ 6000
0.04 | \ -
| \ 4000
0.02 ! n
: j \ | 2000~ o
[-j_ o) p B b W b o gl e by |_‘|_‘_|'_-|_—-.-_.'"_.‘—r—':'—r L - j y
0 I 2 3 4 5 6 0.5 JI 113 i 25 % 5& f a5 l

Mass of T 1T " System (GeV/c’) inv. mass of iyl system [GeV/c]

PWA: ~ 24M events PWA: ~ 1M events
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f@ Comparison: Neutral vs. charged mode

The 3 prominent resonances -- Consistency of isospin partners

search for 7t,(1600)
a,(1320) —> pm a,(1260) — pm n,(1670) > f, ©
G (PC ppe o , 1°JPC M= = 1-(1++)0+ rho pi S 1°0°C M= = 1-(2-+)0+ 2 pi S
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Isospin symmetry: neutral / charge mode
* X~ decaying into p 7: 1/1 intensity expected (isovector)
* X~ decaying into f, 1t: 1/2 intensity expected (isoscalar)
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f@ Comparison: Neutral vs. charged mode

Intensities and relative phase — very small & exotic wave

10° 1537 M® = 1-(1++)0+ rho pi S 10° 16 JPC M® = 1-(4++)1+ rho pi G
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f@ Comparison: Neutral vs. charged mode

Intensities and relative phase — very small & exotic wave
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f@ Comparison: Neutral vs. charged mode

Intensities and relative phase — very small & exotic wave

G |PC e i - .
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2 C 2
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Before any strong conclusion: 100~ L 100 S |~|
* More systematic studies 1505 . }
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U Study of the exotic 1-+ wave

-- different decay channels ...

Hybrid candidates (1.3 - 2.2 GeV/c?):
lightest hybrid predicted: exotic JP¢=1-*

* ©t,(1400): VES, E852, Crystal Barrel —> 1
e 1,(1600): E852, VES —¥1

e 1,(2000): E852 —

.... Still controversial 2 COMPASS

- access to all decay channels, spin-exotics
were reported in so far ..

COMPASS (2008/09 data), lets focus on:

* 190 GeV 7t~ beam (proton target)

hbeam i e T
)& ;‘T-I_ ﬂ:ﬂ
E o

R (PP) (charged/neutral)

/’/.\~\

!
htarget h

target

... and further decay channels:

* study of n =, nt decay channel via:
Qmn p—>71TMNp
)T p—>1mMp

* study of f,n decay channel via:
a) - p —> KKnn~ p (two modes)
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@ Different channel for the search: t+p —>nn/m +ph /

search for 7t,(1600)

* n reconstructed from n —> 7wt d
* nn reconstructed from " — wtn™m, with n — yy

E ,x10°
> 2f COMPASS 2008 > COMPASS 2008
= 1.8 = ;rcp - n'n(]t_n'."]';o)p = 600 R-p - R'ﬂ’(ﬂ' R*'YY)p
:_-tj.,_—_ ]. = 6 :_ wio acceptance correction g E WO i'l(‘('t"l)rﬂl]l:f COl'l'lf'C'[iL"lll
8 14F g~V
5 12F 2 400F
1= O F
0.8] 300;_
0.6F 200F-
0.4F -
0: cv by TR T o | O_lll ' AT AT B A A A B

Ll I TR R
1 1.5 2 2.5 3 3.5 4 4.5 _ ) 3 35 4 4.5 5
m(nn) [GeV] m(rn’) [GeV]

Frank Nerling COMPASS Hadron Physics — Newest Results 02/06/2012



f@"  Different channel for the search: t+p—>nmn+p

N

search for 7t,(1600)

-
>
—
o

]

- COMPASS 2008
1.8 np — nn(rrwd)p
1.6 w/o acceptance correction

1.4

1.2

entries / 4 MeV

0.8
0.6
0.4
0.2

0 P T T T I e e s e S Y O SV PR O B

1 1.5 2 2.5 3 3.5 4 4.5
m(nn) [GeV]

[a—
|||||||||||||||||||||II|III|III||||||||
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f@"’  Different channel for the search: t+p—>nmn+p

g

search for 7t,(1600)
2><103
:,: c COMPASS 2008 %
= L8 Tp — AN nd)p 5
e - Ww/o acceptance correction <+
~ 1.6:— 5 3000
2 14f 5
5 1'2;;_ * First prel. mass-dependent —
- 2000
osE PWA results, nrn~ -
065 * No strong conclusions yet
0.4F- 10T
0.2F
0: P T T I T T T T L o e e om0 WSV ORI ROV |
1 1.5 2 2.5 3 3.5 4 4.5
m(nn) [GeV] CeV
E x 102
g 1500 —
5 0 ﬁ 2+
c I 300 |-
1000 I
: 200

500

100

\
e
- e
| | | | | | | | l | | I |

;0(1 (1- +)1+nﬂ—p—1 (2++)1+nﬁ d)

1.5 2 .
1—(2++) 1+ n—d CeV
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@ Different channel for the search: n+p —> nn +p

search for 7t,(1600)
} =
> F COMPASS 2008 2 o
= 600 Tp = TN @RYY)P =) | 4
ﬁ E wio i'{CCEpl'?{]lCE correction ?9\ 1
~ 500F 6
2 400 * First prel. mass-dependent | **
3000 PWA results, n - I
: * No strong conclusions yet
2001~ 2000 |—
100f i
_| PN T T T [ TN N N N T T T T T [N T N s —— A,
s 2 25 3 35 4 45 s . : e
m(mn’) [GeV] 1—(1=)1+7n 7—p GeV
3 | :
= X 1
(@] B | _
;‘0; 2++ i | ACD (1 t— 2++ )
1 I'!.: 100
2000 +
T ° T ]l
\.-XT B T :>+++++++-|-..|.
i } ) IT.M"‘.—"L""‘-‘—"—'——z_aJ-_...;=::u;_ | | | +++ I I I | I I I I I I | I I
Q) med Gev P(T=(1= )14 7/ 7= 1=+ )17/ )

Frank Nerling COMPASS Hadron Physics — Newest Results 02/06/2012



@P
+

! Different channel _for the search: First studies of
g KKnrr final states

Physics channel: np — KK 7~ p (two modes)
Motivation: Search for diffr. X- coupling to ss final states search for mt,(1600), 7,(2000)

First preliminary PWA started: K°K* ©~ 7t~

(KKn)° subsystem:

x
<

’ COMPASS 2008
Tp—m K, K"t p

f,(1285) / +I~ )
n(1295)? nofagceptance corrected

m ,

A

1.2 1.3 1.4 1.5 1.6 1.7 _|1.3
Invariant mass (K *K ) @ system, a0 region (GeV/c)

1.8
1.6

Events / 10 MeV/c

jr ] —_—
e [ TTT TTT TT1 TTT TT1 TT1 TT1 TTT TTT TT1 T
I I I I I I I I I I

Physics Letters B 323 (1994) 227-232
North-Holland

12 13 14 15 16 17 18

(o) K*'K°n™ mass(GeV/c?)

Statistics: 2008 data => ~ factor 10 w.r.t. BNL (~20 for 2008/09)
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@ Physics with the kaon beam: Kaon diffraction

. %1 03 COMPASS 2008 negative hadron beam
rb 35 __ Kp->Ka'x r:'rrec:cnil
‘S o E K ( [270) Kl( 140‘@1}acceptance corrected
K K L 3 l w
= - .
= 25F FL \ K,(1770)
® - i3
A g % ROV, \
: T 2 15F )
ptarget ~~— e l i_ / ,L\HML
precoil [z Mﬂ”w
0.5F /
:....ﬁw’f....|....|....|
One eéqg}lplarv partial wave, mas-independent fit: %.5 1 s = 2 2’5
T - COMPA SS 2008 MK = m)[GeV/cT]
> -‘0:_ H Kp— Kna'p
) E | | )' 007 GeViel < 1" < 0.7 GeViie2
= DaE
o C ) FOTK*(892)[01 )7 —
S o H | » Statistics ~5 more than WA03
& | * + » Several states need confirmation,
R U | ' > e.g. the K(1460)
e +| | o . .
- . i » Kaon physics will be an interesting
B4 +++“+m * option for future measurements!
Ei1*| IR ALY WA [ i) WA 1 CUNOTSN (MOSRNN P (O *T‘|'i7‘*|"|‘"|"
{J] 1.2 .4 1.6 1.8 2

Mass [GeV/c?]
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Events / sMeV /o 2

First studies of Central Production of (7m)°

COMPASS

COMPASS 2009

PP—+p TP
"

WA102

[Barberis et al. PL B 453 (1999)]

10000 !r )

-

O

0.4

0.6 0.8 1 12

L™ | A T |
08 06 04 02 ] 02 0.4 0.6 08 1 - ‘: : E ‘“F 0.0 I
Xg W
x10°
- COMPASS 2009
— PP =PI P,
- £,(1270)
C 1 1 1 I 11 1 | 1 1 1 | 1 1 1 I 1 11 I 1 1 1 | | | 1 1
2

1.4 1.6 1.8 2

Invariant Mass of 70 System [GE"‘J-"C:}

, B s A& S = = s o
4 - (5] (=2 o () (=] b e f= 2] [ -
I-F_IlllllIIII|IIII|IIII|IIII|IIII|| T |||| |||||| ||||| |

ad i
L=

[t [=] —r [=]

]
(=]

=

Search for resonances, CP

COMPASS 2000
PP— ]Jll'l.'- .3

oty

COMPASS 2000
FP—RETE,

14 L6 18
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Test of OZI violation

« Comparison of differential cross sections in o and ¢ production
(with respect to xg, in pp reactions)

x10° 0.6 <x, < 0.7 %10° 0.7<x,<08 w107 0.8<x, <09
2 F w16 @
S 14— = C e 16
E r COMPASS 2008/9 E = COMPASS 2008/9 E s COMPASS 2008/9
12 te- B + - 141~ +
- pp—=>pK Kp b pp—pK Kp g pp—opK Kp
= F 2e
B 100 10
Sj E C
r 8 8
6_ N -
C K 6 6
4 e e - 4 i
L b A 4— ; C
C A . *%W% 4:
2- Number of ¢: - Number of ¢: 2= Number of ¢:
Co 16316 + 595 co" 18759 + 472 c 12734 £ 580
) —— P T PRI E 0 L L 1 TR T R T | 0 | A L L IR |
1 1.05 1.1 115 1.2 1 1.05 L1 115 1.2 1 1.05 1.1 1.15 12
M(K'K") (GeVich) M(K'K") (GeV/ich) M(K'K) (GeV/ich)
<10° 0.6 <x.<0.7 «10° 0.7 <x,<0.8 L X 0.8<x;<09
2 F @ = E iy
£ 05 5 C B 0.45F »«
R 7 COMPASS 20089 £ F COMPASS 2008/9|  £*¥¢ COMPASS 2008/
. o P - 04E pp—oprTnlp
0.4 pp—=pr T p i Pp—=pr T p 0.35F-
- 0.4 g
C L 0.3:—
03? 03 0.25E
- . 0.2F
0.2~ Number of ®: 02 Number of w: = Number of ®:
r 1603681+ 5540 “r 1995153+ 6126 0.15F 1948606 + 7069
0.1~ 0.1 01
N = 0.05F
T e I I Lol E o AT [T BRI = A (PR B
86 065 07 075 08 08 09 095 1 86 065 07 075 08 08 09 095 1 06 065 07 075 08 085 09 0905 1
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f@” | Test of OZI violation

« Comparison of differential cross sections in o and ¢ production
(with respect to xg, in pp reactions)

OZI prediction

; <10° 0.6 <x.<0.7 16§10] 0.7<x.<08 «<10° 0.8<x.<0.9
5 M COMPASS 2008/9| 2 = COMPASS 20089 £ ‘6= COMPASS 2008/9
12; pH“V+V_“ u PTG Vil 7N i pp—)pK+K-p
10
- x10~
85 éb 25 i »::-ﬁ R
6 > F COMPASS 2008/9 M
i g 20¢ —>pd/o s
2:— ~~ : % p p p q) p Number of ¢:
E 8 B 8 ‘ | 12734580
0 -E B - 1.05‘ - Il.l‘ - ‘1.15‘ - |1.2
= 15 N M(K'K) (GeV/ch)
s ;
10— See dedicated Poster
. B by Johannes Bernhard
5 ‘

syst. err. 12.5%

Number of m:
1948606 + 7069

8IIIIIIIIIIIIIIIIJIIIIIlI]IIIIIIIII]IIII|l||||||l|

S5 055 06 065 07 075 08 085 09 095 1
X of fast proton

E ATl e il B L 1 | ———— - 0t e " T —r—. Bt i e s L L L L
86 065 07 075 08 085 09 005 1 06 065 07 075 08 08 09 095 1 06 065 07 075 08 08 09 0095 1
M(n'wnf) (GeV/ich) M(m'mn®) (GeVid) M(n'nnd) (GeV/ic)
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Test of Chiral dynamics
(low t’' in Coulomb region)

Frank Nerling
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Measurement of Chiral dynamics in 3r final states *

(low t’' in Coulomb region)

[PRL 108, 192001 (2012); hep-ex/1111.5954]

2 127 comPpAss 2004
E L Ty SR +
LOT from mPb — e Ph
. . . - Fitted ChPT Intensity )
PWA including amplitude from s --+- Leading Order ChPT Prediction o
ChPT calculations substituting - = +
iIsobaric waves at low masses 06—
0.4 ¥
02 f_ .".'f_.-' Pull.F_x;ji-'sieiniiric__E_n'or
B ‘__,.l-ﬁ"-‘ _H_,---""d:—;nm sity Uncertainty
0-0 _____J___..._.__h.._-_u-_'_j:_",.-_ . sl i | 7 1T 4 o o
0.45 0.5 0.55 0.6 0.65 0.7

m,. [GeV/c?]
First measurement of cross-section in this range:
Reaction n  Pb— 7 m n Pb
* Results in agreement with LO ChPT calculations
* More data available from 2009 run (Pb target)
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s
\j Measurement of Chiral dynamics in 3= final states

(low t’' in Coulomb region)

x10°
% . Erroenp COMPASS 2004 | 7 350 Ag ("I prP-170 pns)  COMPASS 2004
Z 1.8 TPb — ' Pb :-—j - mPb —» mnnPh
= 16 £ = 0.001 GeVie? 2 300 ¢ = 0.001 GeV¥/e?
F 14F 2 250F
=~ 12F £ F y
.E‘ 1{}: - 200
2 oskE | * 150 {| t
= | } - } bt
0.6¢ ’ | } { 100 F- ¢ ++| +
0.4 m 1
= H } * 50 & HHJrH t
D.DI: |||||I+|+||||||I|||||+|+II+||||Itll{*+|+l+l.ll*|a.li DIZ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24

Mass of T System (GeV/c?) Mass of mwn System (GeV/e™)

Spin exotics in photo production:

* no evidence for the =,(1600) in Primakoff production
* inline with results from CLAS/JLab [hep-ex/1108.6112]
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f@"’ i Outlook: Measurements of Primakoff reactions
\/ (low t' in Coulomb region)

®* Measurement of fundamental pion / kaon polarisibility

®* Dedicated run in 2012 (data taking started)
=> experimentally demanding, systematics precisely to be controlled

—r A né __
E B L 50_ ‘
E -
i.f 40_— ]
® B Leljedev “
- PACHRA
30— vPpynm
i . —  Serpukhov
for . — B [1077 fm”]: (r = —(7) - Sigma Fil'kov et al.
20 nZ-n2y Babusci et al. MaMl YT
ChPT: 5.74+1.0 - | PLUTO, DM1 T
: . B DM2, MARK I l
experiments: 4 14 10 S l
yPT :::::::::::::::_::::::i:::::::::::::::::::::::::
O_I | | | | | | | | | | | l | | | | | | | | | | | | 1 | | | | | |
1980 1985 1990 1995 2000 2005 2010

year of publication

® Uncertainty on o, — 3,: £0.66 (ChPT: 5.7)

* First measurement of polarisibility as sumo_+ 3,
at expected uncertainty of £0.025 (ChPT: 0.16)
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U Summary & conclusions

* COMPASS: High potential for Hadron spectroscopy
v 2008/09: Very high statistics taken (hadron beams, proton & nuclear targets)
v COMPASS measures Neutral & Charged channels
v All relevant channels for spin-exotic search feasible
=> and many other analysis topics (Ozl, ChPT, Baryon spectroscopy ...)

Not discussed:
Further channels in meson spectroscopy (pr —> 57 p, pnt —> K*K'nt p, ...)
Baryon spectroscopy

e COMPASS-II (outlook)
» Primakoff (polarisibilities) = 2012 run, ongoing
» Drell Yan (fundamental check of Sievers fctn.) = 2014 data taking
» GPDs (2D - 3D picture of the nucleon) = 2015/16 data taking
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U Summary & conclusions

* COMPASS: High potential for Hadron spectroscopy
v 2008/09: Very high statistics taken (hadron beams, proton & nuclear targets)
v COMPASS measures Neutral & Charged channels
v All relevant channels for spin-exotic search feasible
=> and many other analysis topics (Ozl, ChPT, Baryon spectroscopy ...)

Not discussed:
Further channels in meson spectroscopy (pr —> 57 p, pnt —> K*K'nt p, ...)
Baryon spectroscopy

Advertisment: 2 dedicated Poster
-> Test of OZI violation by J.Bernhard
-> 37 neutral vs. charged by F.Nerling

e COMPASS-II (outlook)
» Primakoff (polarisibilities) = 2012 run, ongoing
» Drell Yan (fundamental check of Sievers fctn.) = 2014 data taking
» GPDs (2D - 3D picture of the nucleon) = 2015/16 data taking
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Summary & conclusions

-

Particle Mass (GeV/co)
o

- COMPASS 2008/09:
|.9F => 10-100 times ,world statistics" |
£ => additional data with pos.becnmllI ;

‘ h & nuclear targets

1.6

1.4E = COMPASS 2004

1.3 - * PDG 2006
SR

1.2

al 12601 it ] 320y w1600 (1 670) m LB00)  a, (2040)

THANK YOU I
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Additional material
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gomp
2
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Selected partial waves & phases
3rn diffractive -- Neutral mode: 42 vs. 53 waves (norm. pr totals )

10° 1€ J°€ M= = 1-(1++)0+ rho pi S 10° 1€ JPC M = 1-(4++)1+ rho pi G 10° 1° 7€ M= = 1-(1-+)1+ rho pi P
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oM + Selected partial waves & phases
\J 3rn diffractive -- Neutral mode: 42 vs. 53 waves
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%10° Spin totals: p(770) = waves
o [enn’ COMPASS 2008
o 140 SR, m+p — (3n) +p
E - @ J'[':I'[+J'[' - mass indep. PWA (53 waves)
S 1.2 ~50% of 2008 data +
: | 53w after Acc, Corr,. =
7 - -+ -
5 1 -
S B - -
Ll - -
0'8__ * =
a,(1320) >pr | + -
0.4 . %
L - 'A'E-‘_
0.21- - "
U_'I-‘—-'-'.TrllI|III|III|III|III|III|III|III|I

06 08 1 12 14 16 1.8 2 22 24

Mass (GeV/c?)

Isospin symmetry: neutral / charge mode
* X~ decaying into p 7: 1/1 intensity expected
* X~ decaying into f, 1t: 1/2 intensity expected

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

_ ><1DB Spln totals: f2(1270]ﬂ: waves

"' B 0_0

g pernnm COMPASS 2008
”  ~50% of 2008 d: = -

% 0.3_— 53wa?‘terhccc. Etgrr. n+ p — (375) +p

p . TE'TE+TE' :g-ass indep. PWA (53 waves)

< | ~50% of 2008 data

m 25 53w after Acc, Corr. - ®

wn ' I -

L - -

c L .

-4 B .

w 02_— -

a,(1260) —> pr -

- L -
K L]
0.1 Lo L
: - e - .H-'l-h_-
0.05 - i TR -|-+ T -—"‘-__
: % ~I
u_l||||||||||||||||||||||||||||||||||||||-
06 08 1 12 14 16 18 2 22 24

Mass (GeVic?)

Data follows isospin symmetry:
* throughout full wave-set
* main & small waves, prev./next slides
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@ First comparison: Neutral vs. charged mode

simple isospin symmetry check

WG aPC vaE w4 fn e il e - G IPCLaE wvu. v, . r s

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(m—#%"" )/N(m—n—7+)
Expected from isobar model amplitude calculations Found in data (Figs. 18, 20, 25)

BR( 0~ fo(1400)7 S) = 0.29 (at 1.8 GeV) 0.25 (at 1.8 GeV)
BR( 0~ f5(980) 5') = 0.44 (at 1.8 GeV) 0.46 (at 1.8 GeV)
BR( 1++ f5(1400)r P) = 0.80 (at 1.3 GeV) 0.87 (at 1.2 GeV)
BR( 2=+ f(1270)x . ) = 0.50 (at 1.67 GeV) 0.40 (at 1.67 GeV)
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& Selected partial waves

isospin symmetry check ctd.

m(1800) —> pm a,(1260) —> (nx), © m,(1670) > f, &
10° I° JPC M= = 1-(0-+)0+ f0(980) pi S x10° 1° J7C M= = 1-(1++)0+ (pipi)s pi P 10° 1°JFC M= = 1-(2-+)0+ 2 pi &
‘©  [emn’n COMPASS 2008 2o pnn? COMPASS 2008 250 e mnlr® COMPASS 2008
2 B[ Argrmiiae wtp — (3n) +p [ S after Aco. Carr THp — (3n) +p [ Pwater Acc torr mtp — (3n) +p
E C ™ ?I"F[+T[_ mass indep. PWA (33 waves) A __. ?['JT+IT- 'I' mass indep. PWA (33 waves) : A ]'['J'[+J'[' T mass indep. PWA (53 waves)
T 30 3 or2uedata m [ 3w after Ace. tarr. 1_ 12l S ater Ace. o,
E C } | 1 - .
5 25 Py sf b B
u E Yo i t ++ 15 ° -
20F . 6l + 1 B
E ¥ t : * -I; h+ : -
152_ . .|. ' ab -h..;l-*l-d_ M- )
r + | + L -
10:_ 1|+ + + i : I: : i . K ) ++-il
- T et Hn 2l ' H, R 25 R
S LT..? ! ++ s i -r s n"'-'"hh i g £ -
- " .'m i TN 'FTJ#T i - e e
_||||||||||||||||||||||||||||||-‘|- plolii il b brrr bec bror brve Lo L _||||||||||||||||||||||-.|.|.||._
V56 08 1 12 14 16 18 2 22 24 Y06 08 1 12 14 16 18 2 22 24 0 0!5 ola '|1 1.r2 1|.4 1.|5 1[3 Z%
Mass (GeVid) Mass (GeV/c) Mass (GeVic)
BR = N[:.M m ..'u );IN(?T_TT_T(+ )
Expected from isobar model amplitude calculations Found in data (Figs. 18,20, 25)
BR( 0~* f5(1400)7 S) = 0.29 (at 1.8 GeV) 0.25 (at 1.8 GeV)
R( 07 fp(980)7 S) = 0.44 (at 1.8 GeV) 0.46 (at 1.8 GeV) in fair agreement
R({ 177 fu(1400)7 P) = 0.80 (at 1.3 GeV) 0.87 (at 1.2 GeV) with the data
R( 27% f2(1270)7 S) = 0.50 (at 1.67 GeV) 0.40 (at 1.67 GeV)
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Comparison of real data and MC prediction
-- § variables describing 3 body decay
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o0s |-
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I (nﬂnl}) EODD
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- a0 000 - 0 i
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G s
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Frank Ne

rling COMPASS Hadron Physics — Newest Results 02/06/2012



domp
& Selected partial waves

isospin symmetry check ctd.

a,(1320) (M=2) —> pn

1JFC M = 1-(2++)2+ rho pi D

0 ICJPC ME=1-(1++)1+ tho pi S
Caoo-e 7P COMPASS 2008 s COMPASS 2008
@ - ﬁgtmagq[:g[?t%?uggt’gunecled T+p— (3n) +p @ T+p— (30 +p
E?nﬂ__. :lf:f:f | mass indep. P4 (53 waves) E 35 :_ . mass indep. PW4A (33 waves)
X, [ 38% of 2008 data < L !
= [ acceptance corrected = r -l:I-'I'{l
0 — |
2600 2 3¢ oot o s
g C g - l-l- K 38% of 2008 data
|.|J5m]_— L 25 :_ '| not acceptance correc led
n i - . -l' TN
— - a 38% orf 2008 data
400 - { 2 '|'+ ! acceptance correc ted
- 1
n - )
300 ! 15 ¢
: ') : i
2001 Ji 1 1 ; ¥
N - : i
L - +
10(]: ;I:' :h + ; 05 + :I-.:E';_"#_:F +,
- . - bty e
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f@i PWA using isobar model

_ %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 z—
* 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)

e Isobars: (77)s [broad f,(600)+f,(1370)], f,(980), p(770), f,(1270), 05(1690)
* Acceptance: corrections (included via normalisation integrals)

Step 1) Mass independent PWA: (40MeV/c? bins, 53 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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U Waveset used for the PWA

JPCMe | L | Isobar m | Treshold (GeV/c?)

—> 070" | S| fo(980)7 1.25
0=t0* | S| (wm)em -
0—*t0*+ | P P -

— 1= *1t | P p -

— 1tT0* | S pT -
1++0+ P _}LQ}T 1.20 2++1+ | P form 1.20
1o+ | P| (wm).m 0.94 — ottt | D| ]
1++0+ | D oI 1.30 30+ | S p3T 1.76
. B 30+ | P | for 1.20
++1+
11 S p - 3o+ | D pr 1.20
1++1+ | P for 1.40 31+ | 5 pam 1.76
11+ | P | (wm)ew 1.20 3tH1+ | P | for 1.20
1++1+ D p 1.40 3T+t | D pm 1.50
_ — . — 4ot | F : 1.00

— 27F0F [ S| for 1.20 ) L2
2=70" | P P 0.80 FHF [ F | for 1.60
2=+0* | D | (77w)em 0.80 — 41+ |G| pr 1.40
2=F0+ | D form 1.50 =0~ | P pT -
a——+n+ 1 1=*1= | P pT -
.-2—+-0+ f: ﬁ-m 120 1= s pr -
2771 S fam 1.20 2*+1- | S| for 1.20
2-v1v | P pT 0.80 2V0- | P |  for 1.30
2-t1+ | D | (7w m 1.20 27707 |\ D pm -
o+1+ | D For 150 2H1= | P |  for 1.30
B FLAT | | |
2=+1+ | F o 1.20

Table 5: List of the 42 waves used for the mass independent PWA.
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JPC ppe ‘ L ‘ Isobar w ‘ Treshold (GeV /¢t

Updated PWA model: S53waves

0=F0F | S | fo(980)7 1.25
0—"F0" | S| (wmw)em -

0—*to+ | P pT -

1-—+1+ | P pT -

1Yo+ | S pT -

1++ot+ | P fom 1.20
1o+ | P | (7)o 0.94
1o+t | D|  pr 1.30
1++1+ | S o -

11+ | P fom 1.40
171+ | P | (7m)em 1.20
11+ | D|  pr 1.40
2=T0T | S fam 1.20
o+ot | P | 0.80
270" | D | (wm)em 0.80
270" | D fom 1.50
+0+ | F| o 1.20
2= F1+ | S fam 1.20
>+ | P | 0.80
2=+ | D | (7m)m 1.20
o=+1+ | D | fum 1.50
1+ | F | 1.20

LT | P for 1.20
2t+1+ | D pT =
0T [ S| pan 1.76
at+to+t | P fom 1.20
340+ |D|  pr 1.20
31+ | S| pam 1.76
3++1+ | P fom 1.20
3++1+ | D pT 1.50
o+ |F| pr 1.00
s+ |F| or 1.20
41+ | F fom 1.60
1+ el 1.40
1-f0- | P pT =
1-*1—- | P p =
1t+1—- | S pT =
2=*t1- | § fom 1.20
2t+0— | P fom 1.30
2t+0- | D pT =
2+1- | P | for 1.30
FLAT | | \

Table 5: List of the 42 waves used for the mass independent PWA.(Table for Release)

42 waveset extended by 11 waves:

r

\

1-(0-+) 0+
1-(2++) 2+
1-(2-+) 2+
1-(5++) 0+
1-(6-+) 0+
1-(0-+) 0+
1-(1-+) 1+
1-(2-+) 0+
1-(3++) 0+
1-(1++) 0+
1-(2-+) 0+

£0(1500) pi S
rho pi D

f2 pi S

rho pi G

rho pi H

f2 pi D

f2 pi D

rho3 pi P
f0(1400) pi F
£0(980) pi P
£0(980) pi D
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Fitted resonances (2004 data)

Particle Mass (GeV/c¢?)

I~

1.9
1.8
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[.6
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1.2 t

]
i ¥
i -
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a 1260y a,f1320)  miledd)

mi1670) w1800

il_:_l::u-l-u:l

Besonance

Mass

( :'l.ii*"u-...".fg ]

Width
(MeV /e?)

Intensity

()

Channel

NEASH T [iHc il J-.u'] L

ay( 1260)
nal 1320)
T 1600)
Tl 16T
w( 1800)
fry | 20410

1256 + 67
1321 £ 177
1GGO + 1057,
1658 +£ 371
1785 £ 97,7
1885 £+ 131.°

— e
367 £ 975

110 + 3775,

260 & 212
a= +22
o071 £ 0+
208 + 22+21
294 4 25+,

67+ 375

19.2 4+ 06433

1.7 03508

10.0 £ 0.475

0.8 + 0.1+93
1.0+ 0,3+01

A
)

[
-
[

1+t A g
2t 1 Y pr D
1~ *1* pm P
2=+ fam S
0=+0F fam 5
47717 pw (>
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* n reconstructed from n —> nttnn’ search for mt,(1600)
* nn reconstructed from " — wtn™m, with n — yy

} Different channel for the search: n™+p —>n"n/n +p V

Comparison of D, waves Comparison of G, waves
_ <10° _ <107
3 O | Z 7E
= B —_ C
e I l COMPASS 2008 Sr 6E- } COMPASS 2008
. _E Tp—nn . E Tp— TN
*ﬁ 3{}:_ T'%‘I—; T ;lflwulrdu % 35_ TT?‘I — ]m ale Lh
S SR 'HH K s = |
.% 10 I | HHI ';.5 25_ 1 ‘ | I 1H|)| ‘
= - IRLE R H C - | ’
" s pth }H{ + = {}I ' }
= £ *H’rri 1 o - J b
OF= ! tid oFd STUN ST
i B A1 TN [ T T N T T T T T T T N L1 i A S T N T N T T T T T T T I T [ T N N T T N O
1.2 14 16 1.8 2 22 '.3.4 2.6 2.8 1.2 14 16 18 2 22 24 26 28
m [GeV] m [GeV]

Normalised to compensate for BR and PSP
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* n reconstructed from n —> nttnn’ search for mt,(1600)
* nn reconstructed from " — wtn™m, with n — yy

: Different channel for the search: n+p —>nn/m +p! :

Comparison of D, waves Comparison of P, waves
«10° x10°
=  3a0F - <
E 'G: | % E {
= 25: l = - H
g “F COMPASS 2008 o 30p H COMPASS 2008
= _F Tp—mTnp S osb ’ | Tp—TNp
= 20 Tp— T p (scaled) E - | } Tp— T p (scaled)
2 - 2 20F
S 11 = * | | b = - ’ f
g F l || I z | |
2 10F M | HI z = |
‘ﬂé - o 1 i *qé ll[:':_ |
- B Hi 1+r+ = -t .HH*“{H b +1+”“+++++++”r+ R
1:}-—._:1 TR T T N N A N N T TN N N I T T T N A A O 0_| |-‘| [ T I T T A A A B |LP|L|+|L.|.|.|.|F‘|'|+|+|.‘|.|+|‘|..|.|L|t|+islt|t|,
1.2 1.4 16 1.8 2 22 24 26 28 1.2 1.4 16 1.8 2 22 24 26 28
m [GeV] m [GeV]

Normailsed to compensate for BR and PSP
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