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~ The COMPASS experiment

Two-stage magnetic spectrometer:

« Large angular acceptance
* Broad kinematical range E/HCA

« Tracking, calorimetry, particle ID "

SMH1
target + RPD

- C‘EDARS s RICH High intensity beam

/4\ High rate Detectors,DAQ
(LHC technology)
. Beam: 190 GeV positive (p, +, K*) or negative (r, K~ ) hadron beany~
Targets: Liquid H,, Nuclear targets (Pb, Ni, W). ‘
Final states: charged (n%, p, ...), neutral (m°, 1, 17, ...), ‘

kaonic (K%, K, ...) *-r')




Making of COMPASS proposal

Nucleon structure (Of course | don’t know such an old era...)

EMC
Meson spectroscopy
GAMS(NAI12/2)  WA91 Charmed strange
NN baryon, H-dibaryon
X R / WAS9
SMC(NA4T) GAMS-OMEGA  (Hyneron beam)
\ (WA102)

~ /

HMC CHEOPS

\ /
COMPASS (NA58) — Compass-I

(Drell-Yan, GPD, Primakoff)
COmmon Muon and Proton Apparatus for Structure and Spectroscopy

Doubly charm baryon

Nucleon spin structure + Meson Spectroscopy + Primakoff scattering postponed 5

Muon beam Hadron beam



History of COMPASS collaboration

1997 : COMPASS proposal conditionally approved.

1998 : MOU signed.

2001 : technical run.

2002-2004 : muon beam and

“ pilot run” with hadron beam (3 weeks plus) in 2004

(2005 : beam shutdown.)

2006-2007 : muon beam. (LHC accelerator started and broken in 2008)
2008-2009 : hadron (pion, Kaon, proton) beam.

2010 : COMPASS-II proposal approved.

2011 : muon beam.

2012 : hadron beam for Primakoff reaction and test run of DVCS.
(2013 : beam will be shutdown.)

2014- : beam will be back. 6



The COMPASS spectrometer

190 GeV/c 7% /K* /p beam

2 stage high resolution spectrometer

with large acceptance

hep-ex /0703049, NIM A 577, 455 (2007)







CEDAR

|dentification of
Kaon beam from
pion beam.

Differential- or RICH-like
Cherenkov detector for beam




TARGET PART IN HADRON PROGRAM omp

RPD(Recoil Proton Detector) h Liquid Hydrogen

Installed in 2007 - target system Sandwich Veto
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~ CEDARS |]

< sandwich Veto

RICH-1

RichWall
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Pixel GEM detectors:

e very low mass: 0.2% X,
* high rates: ~10°> mm-~=s-
e resolution: ~120 um




Ring Imaging CHerenkov Counter (RICH)

Single
~event

©
o
/ Sm

vessel

@
z
2
. ~
=mg* WG

dletection of
VUV photons
¥ (165-200 nm)

Photon detection
53m2MwpPcs T lens MAPMT

16 Csl Photocathodes at Center position

84,000 analog readout channels

single photon: s=1.2 mrad
ring: s=0.4 mrad
photons/ring  n ~14

3 p/Ksep. up to 40 GeV/c




RICH® performance
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Figure 4.2: RICH reconstructed Cherenkov angles in the hadron beam 2008. Clear
bands of pions, protons and kaons show up. A separation of kaons
and pions becomes difficult for track momenta above 40GeV /c.
Protons can be distinguished from lighter particles up to 100 GeV /c.
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Detector Frontends
GEﬁiﬂ:ﬂﬂ L ATYSciFif u Calorimeters RECH
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COMPASS in 2008/2009
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Physics motivation of hadron exp.

Quark model: bound states of qg-bar

Quantum numbers: 16 (JPC) JPC=0-*, 0**, 1, 1+, 1%+, 2+ ... O

p:(_1)|+1’ C=(-1)|+S, G:(_1)|+I+s

QCD: other color-neutral configurations (exotic states)

same quantum numbers with qg-bar = mixing
exotic quantum numbers =uniquely determined (qq), +
0,00 17,27,.. - =
| | o0 O=0O
So far exotic state candidates were reported, (q@)(qT) +
but they are still disputed and no clear evidence —
is confirmed yet. (maybe...) (a9)s9
Still new precise data and new ideas are needed Hybrids  +
to solve this problem. g9 | —
Glueballs
+ 8.




Physics motivation cont’d

In the light guark meson spectrum

(Hybrid or tetraquark candidates)
low mass states with spin parity exotic quantum number J?¢=1-* predicted
n,(1400) : VES, E852, Crystal Barrel, KEK
n,(1600) : E852, VES
Resonance interpretation still disputed

(Glueball candidates)
lowest states with J°¢=0**and/or J°°=0-* predicted. But the quantum
number is the same as the ordinary Quark Model state.
f,(1370), f,(1500), f,(1700) with J’¢=0** (at least one of them)
n(1405) with JP¢=0-*

Their interpretations are still disputed too. .



Physics of the COMPASS experiment

: 1.4 — T - —

Structure and dynamics of hadrons o | ' i c' |
I urbative QCD : D

= non-perturbative regime of QCD || R T 4

P 9 - - ]

1 5 .

Theory: 0.8 5 -
* Models: QM, bag, flux tube, ... 0.6~ // 2 -
. . 3 T b=1 B

» Effective theories: xPT, ... 0.4 A & 3
» Lattice-QCD 02| f =
10-18 1017 10-16 10-15

QZ

distance |[m|

e ——————————

Hard processes: /{pectroscopy: \

= Nucleon structure( = Hadron mass spectrum
 Helicity = Gluonic excitations

|

* Transversity \s:\l\/lulti-quark system/
\/

* GPDs

Scattering at very low Q2
= Polarizabilities of &, K
= Chiral anomaly: F5,

18
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NThe COMPASS experiment

Production mechanisms:

e
il

Central production: Diftractive dissociation: Coulomb production:
h B h st h b
R.P
R.P Y
R.P P !
Prarget —F W T Pl Ptarget Psiow Peacges Pafow
* Rapidity gap « X carries nearly all energy » X carries nearly all energy
X carries ~10% of incoming ¢ High t’ (0.01<t'<0.1) * low t’ (0.001<t’, 0.001<t’<0.1)
energy  Large cross section (~mb)  Large cross section (~mb)
e cross section small (~10ub) < X decay particles at small » X decay particles at small
» X decay particles at large angles angles
angles « Study of JPC-exotic mesons  * Test of ChPT

19
» Possible source of glueballs » Radiative widths



' PWA Technique of Diffractive dissociation

1t ~(bachelor)

7 * t-channel Reggeon exchange
 Reflectivity basis in G-J frame

At high s: ¢ = n of Regge trajectory
* Isobar model

€ = +: natural

parity exchange

€= —: unnatural

parity exchange

target recoil

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

MIPWA is very powerful tool because each waves can be extracted
iIn model independent way.

2. Mass-dependent 2 fit to results of step 1
« Parameterized by BW

» Coherent background for some waves

(But anyway we must know the origin and nature of background,,,)
20



(Example) Waves used in MIPWA

42 waves
JPEME | L | Isobar @ | Cut [GeV]
SToT T < — 0 JPEMe | L | lIsobar m | Cut [GeV]
0—+to+ S (77)sT _ 2T+1+ P frm 1.50
o—+tot | P o _ 2TT1t | D pT -
1—F1+ | P pT _ 37to0T | S pP3T 1.50
1770F | S o - 3ttot | P fom 1.20
10t | P | for 1.20 3TToT 1 D pr 1.50
1440+ | P | (nn)sm 0.84 3T LS| pa 1.50
17+0* D pT 1.30 3TH1T P fQ?L_ 1.20
1++1+ | s o . 3¥T1T | D pT 1.50
1T+1+ P forr 1.40 A—T0T F P 1.20
1+ 1t | P | (m)sm 1.40 4—*t1+ | F pT 1.20
17+1+ | D T 1.40 ATH1t | F for 1.60
2—TQoT S o 120 41T G pT 1.64
2-tot | P P 0.80 1-to~ | P P -
2-t0t | D fom 1.50 1-t1— | P P -
210t | D | (7m)sm 0.80 1**1— | S pT -
2-tot | F o7 1.20 2=t1— | S for 1.20
2-t1t | S 7 1.20 270~ | P fom 1.30
2-t1t | P P 0.80 2770~ | D pT -
2-t1t | D o 1.50 2t+1— | P fom 1.30
271t | D | (7wrw)sw 1.20 FLAT
2-t1t | F P 1.20 21




Introduction Diffractive Dissociation M-Dependence Conclusion and Outlook

TUTI

Technische Universitit Minchen

Diffractive Dissociation

@ Soft scattering of the beam =~ off the

target

@ Pb (2004, 2009)
@ IH, (2008)
@ W, Ni (2009)

29 Diffractive Dissociation into #—7—#+ Final States

@ Target particle remains intact )
@ Pomeron exchange
(14 - 77 -
P region
- COMPASS 2004 2 COMPASS 2004
210°% 1°<0.001GeVv2 " z o
= |k TPb — TtPh o “\ TPb — TrtPh
5 L\ 510
L Y L C - b} -
£ N sy £ F High t’ region
z TER Low t"region z | , 2
L y 2 | I Ol1<t <1-O eV
| 0.001<t’<0.1GeV | M
10°E W“
g 10° 5 ity
[ Aty r
v TERNE FERWE SN TR Al Wi Wi NS W W R ool alvwnebiv oy luworlvvewlusvilovindonay
10°0™0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.0 02 03 04 05 06 07 08 09 |
Momentum Transfer U (GeV/c’) Momentum Transfer ' (GeV/e’) 292

Florian Haas for the COMPASS Collaboration — Diffractive Dissociation into w — o« «t



DAL ID
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: 3w Data Sample (2004) Tum

Technische Universitit Minchen

x~ m wt mass distribution

v
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Different t’ ranges:

%10’

iIE'Ph —nnnPb

COMPASS 2004

Ranges in t° (GeV?/c?)
all ¢
-0

B 0%<t <102
102 <t < 10!
0.1<t' <1

B U > 1 [x5]

1.5 2 2.5 3
Mass of Tt System (GeV/c?)

Stefanie Grabmilller — = v — w~ ™ « T at Low Masses compared to ChPT Prediction



High t’ region
0.1<t’<1.0GeV?
(Pomeron exchange dominates)

24



Introduction Diffractive Dissociation M-Dependence Conclusion and Outlook

) Invariant Mass of 37 System
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Introduction

Diffractive Dissociation

M-Dependence

Pb — =7~ ntPb

Intensities of Major Waves

Intensity / (40 MeV/c)
=

)

xll]‘]'

[ =+t Fa
16F 1™0°pn S Eﬂﬂ (a)

Intensity / (40 MeV/ch)

0.5

L]

-.|...|...|...u--#.l...|...|...|..-.i?i.{iii..-

}(,-"i H‘hﬂj

06 08 1 12

14 16 18 2 22 2.
Mass of T System [GEV.-"::]}

Conclusion and Outlook
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Intensity / (40 MeV/c?)

Phase (degrees)

lefractlve dissociation of plons

S00F-1"T'pn P COMPASS 2004
700 nPb— mnPb
. 0.1 =t = L0GeVY
500
400
300
200
100
0 06 08 1 12 14 16 18 2 22 34
Mass of TR System (GeV/c)
-850
- TPb — ' Ph COMPASS 2004
100F 0.1 =t = 1.0 GeVie’
150F H
T ﬁ}ﬁx{ |
_r5nk
250 H-i*\l\ 3 *
C W1 3‘6
=300
- ¢
-350¢ A" TprP-1"0prS)
_1m:.|...|...|...|...|...|...|...|...|...|.

0o 0¥ 1 12 14 16 18 2 2271 14

Mass of TR System (GeV/c)

Significant spin exotic JP¢ =1+ wave [1]

* M =1660 % 10“’_,5qu MeV/c?
I'=269 £ 21** (, MeV/

* Consistent with m,(1600) seen by E852
and VES

* Negligible leakage from other waves

[1]] COMPASS, Phys. Rev. Lett. 104 (2010)
241803
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Diffractive Dissociation
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Events {20 MeVieh)

Eventais MeVic)

w106
osE- X TprD . COMPASS 2008
“F . Tp AN Tp
C . 01 GV <t = 10 Gavid
04
03
C ..
o2
- - -
0.1 N
- .| "
u_""J"—B‘.I‘.IMIIMM l bpesisperhesyd
0.6 0.8 1 1.2 14 1.6 18 2 22 24
Mass of T T T System (GeVich)
=0
04 = a,( 1320} COMPASS 2008
: Ap=TARp
0,35 || LGV =0 = L G
|
a,[l!hmlll |
0.25 |II l
E o 1GTH
i i o e
P
015 | ""5
0.1 ! |
E |
0.0 J K
n._./.II....I....I_._‘._._._"I—.—u—.—.—._._ [
Li] | 2 3 4 5 [ T

Mass of T % T System [Eic".-"-'c:;u

TUTI

sitht Minchen

Florian Haas for the COMPASS Collaboration — Diffractive Dissociation into w —«—«+



Evesga {20 MV &%

Phase (degzees)

(]
L COMPASS 2008
_:-: ''pxP K Kp - KKK P
- 01 GeVie® << Lo Gev™ i’
:ﬂ:— H‘#
C (I
h:— t i~+ 'FH+
e ' # )
- # *1- “’I‘*
lﬂ__ ¥ + i"ﬁ+
o y '
S} *‘ **l*m L]
E Y
& £l L]
- - i T
ﬂ'.'r':',-l'.-..l,,.|.1L1...|...|...;...|L.,|.
6 0 1 12 14 15 18 3 232 24

Massofxrwx 5}';&:'1-{&1..‘. &)

lm:_ Ad E:r-l- FHTP - 1"':" PKE 5:'

COMPASS 2008

Kp—=XELD
.1 GeVhie® < o Al O Gewle®

@ o
!4 H+i oV

m]
30
{
o . bt
=0 L*Hﬁﬁw i"‘-_, .-'+'+ ”l
,1|:u:§. ' -h--.._“_._r” } i
150F- I
T T I W S ¥ RS T T S S S ST

Mass of ¥ %7 x System (GeVIC)

dissoc_i;fi_o_n of

Everms §20 MeV ¢ :'}

-— __ =

—— ——

pions

=10
07
iy COMPASS 2008
o " S ﬁ.-l Ip—=ENLp
0. : oy e S o
0

14 13 3 13 14
Mass of © o w° System (GViE?)

mTp o Pp

13

14

* Data from 2008
* 190 GeV/c r on liquid hydrogen
* 24M events (all data from 2008/2009 70 M)

* Enhancement near the m,(1600) mass
in the 1* wave, phase motion w.r.t 17*

* Leakage studies and mass dependent
fit necessary for definite conclusions.

* Ongoing analysis of the m®m°n final 29
state offers a valuable consistency check.
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Search for Spin Exotic Resonances Highly Excited Non-sirange Mesons New

DCOMPASS 7 ntn~ vs 7 707°

Isospin Symmetry

Partial wave intensities/phases: # w77~ vs
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“Primakoff” region
’<0.001GeV?
(Primakoff reaction(M=1) and Pomeron exchange)
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Major intensities in m(3w)-bins (acceptance corrected TLTI
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Primakoff production of a1(1260); bottom left: E272 result TLTI
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Primakoff production of exotic 1~ m
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(Hadron2011 conference talk)

The Exotic 7’7~ Wave in 190 GeV 77 p — 't~ p
at COMPASS

Tobias Schluter
for the COMPASS collaboration

Ludwig-Maximilians-Universitat Miinchen

June 16, 2011
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7' in diffractive scattering

qqg-bar exotic

Possible quantum numbers fmf/ge 1) system:

[ |5—wave P-wave \ D-wave F-wave G-wave

JP-';| 0+t w 2++ 33—+ A+T

Hence: P-wave resonant — exotic meson.

This system has been studied by the following experiments:

experiment beam momentum reaction year published
VES 37 GeV/c 7T N—=7n'7mN 1993, 2005
E852 18 GeV/c T p—n'TTp 2001

They all see a very strong P-wave.
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Previous 1)’ results — VES

3
!

Results from VES (Be target, 37 GeV):
» VES sees the a(1320) (peak in D -wave) " | ax(1320)

» VES says: “there may be an a;(1700)"
explaining the broad structure in the
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Data selection

Final state selected: exclusive 3 tracks, 2 photons
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PWA results — P, and G_ waves

Almost flat

/
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PWA results — can the G, -wave clarify the picture?
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Transition between different production processes?

COS Hu ]

COMPASS 2008
= Tmap—omMp

W/0 acceptance correction

m [GeV]

Depicted: cosfly of the 1’ in the m= 1’ GJ restframe vs. m(7w7)").

Low masses show P and D wave interference, as near 2 GeV/c?, above
that strong forward/backward peaking indicative of central production.
Question: How does the forward /backward peaking at high masses affect
the interpretation at low masses? 45



Comparison to n7

We also selected the n7~ final state along the same lines. No PWA vyet,
for comparison, here's the same plot as on the previous slide, but for the

).
CDE 1: S
x 0.8
0.6F COMPASS 2008
0.4F Tponp
— w/o acceptance correction
0.2
0
-0.21
-0.4F
-0.6
-0.8 | T
_1ELs ! e L e e
1 L5 2.5 3 3.5 2 4.5

m [GeV]

Depicted: cosflqj of the 1 in the 771 GJ restframe vs. m(mn).
Dominated by a»(1320), structures due to a4(2040) visible, again
forward /backward peaking at high masses.
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Kaon diffraction dissociation
Kp—Kn'np

« COMPASS has taken kaon beam data by tagging incoming
kaons as well as pions and proton/anti-protons.

 Until now most results of this channel came from the WAO3
experiment (ACCMOR) .

» The results should be confirmed by other experiments.

« COMPASS provides more precise data with a few times the
statistics and can give the opportunity to check and confirm
the WAO3 results.
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Invariant mass distribution
COMPASS
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Search for Spin Exotic Resonances

Highly Excited Non-strange Mesons
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accessible).

« Search for glueballs in central pp collisions.

* Baryon spectroscopy.




COMPASSEIR# G FE A EFE

11

H23

JIN—FARIBERIE

KREKRFRS—7YFR&D

12

H24

FfEF B E
(QCDAE#HIREHDIREE)

13

l

——

AT

CERN/D®E 2R
DRl i

H25

AHE
FEEHA

fAl

Drell-Yan
mEB2—47 vk R&D

RiBS—7 Y RE

\
ePoE—472k | | Hadron

run

\ 4

AR

KREKFRES—TVMER

14 v
H26 * {R#EDrell-Yan3EER (RiE5—4 V)

REKRE—TVIRE

15
H27

16
H28

V.

17

H29

AT *

X

GPD3RER (K&K FEIRHI)

A 4
AT

GPDEER (KB KRR

v
BT

COMPASS RAAEHE

RIBRL L 2B
{RIBGPDXEE

CERN
(SPSC)

> R BFEH



201245 D Primakoff reaction 7 — Z INEEZ OV AT LT,
Elgil' Pion and Kaon Polarisabilities |

Chiral Perturbation Theory (ChPT) can be tested using the Goldstone
bosons (pions and Kaons) by describing its strong interaction dynamics.

The pions and Kaons inner structure is revealed in its response to the
presence of an electromagnetic field = Pion and Kaon Polarisability

B T
T g
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Q7 ¢ 6y T Ey
% ¥
(A2) \(H,Z]
Primakoff Compton

Studying Primakoff reactions and embedded inverse Compton scattering pion
and Kaon polarisability represents a test to ChPT predictions.

FB20 2012, Fukuoka Luis Silva (Isilva@lip.pt) Aug 2012
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Figure 1: Global fit to the experimentsl data on the pion polansability oy as given in
Table 1. The curve represents an ideogram of the data and their ermors as described and
used in the Review of Particle Phys=ies [11] (ef. Sect. 5.2.2 therein).

In 120 days iy - ke + [P o — [Fo
(90 with , 30 with 2 beams) | (10—* fm?) (10—* fm*) | (10— fm*)
2-loop ChPT prediction 574+1.0 0.16 + 0.10 16
COMPASS sensitivity t 0.66 +0.025 t1.94
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Summary

ar COMPASS light meson spectroscopy EE&%Fia
@ BIRILF—E—LIZKO>TITYNT. BT IETEUREERL.
o BN . TOVHREREBE LIURFHAZRIBFICATRESL .
o FILLVREMEHSFEFLOILF  HILLWT—RRE L R T LIGRET,
EiftatERZz I aEEl
@ E— LM FDRIEBITL., BLGoRIGF Yo RIVEREICINETED
F2IZ1EoT=,
@ Hadron BeamT2004£ (2 Pilot run"Z4TL>\,
=Y e
eHadron beam &AKFRIZEHZRALVT, 2008/2009TT —2UN&EL 1=,
@ diffractive running with = beam 2008/2009
@ Central production running with positive hadron beam 2009
@ Diffractive reactions: 10 X world statistics in ~35 days
@ Central production: 10 X world statistics in ~60 days

DT—3%=INEL. TDHER.
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Summary cont’d

COMPASS is accessing 3 different production mechanisms:

diffraction dissociation,

Central production,

Coulomb production. (Primakoff scattering)
nPb—n-ntnPb data are analyzed at three different regions (low t’, mid t’ and
high t’)
COMPASS has confirmed r,(1600) (J°¢=1-*) from 2004 pilot run.
Low t’ data provide test of ChPT —first results agree with LO predictions.
The analysese of np—nntnp, nn7% , n’p, np, KKnrp are ongoing.
The analysis of K-p—K-n*np is also ongoing.
COMPASS also studies Baryon spectroscopy.
And COMPASS has still more data to be analyze....
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