COMPASS experiment at CERN: open charr N
results and future hadron program

O.Kouznetsov (CEA/Saclay) on
behalf of the COMPASS Collaboration
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NAS58 experiment at CERN

11 counties/20 Institutes/~230 physicists

Czech Republic, Finland, France, Germany, India, Israel, Italy, Japan,
Poland, Portugal and Russia

Bielefeld, Bochum, Bonn, Burdwan/Calcutta, CERN, Dubna, Erlangen,
Freiburg, Lisbon, Mainz, Moscow, Munich, Prage,
Protvino, Saclay, Tel Aviv, Torino, Trieste, Warsaw and Yamagata

Experiment is a merge of two
programmes/collaborations: HMC (muon beam) &
CHEOPS (hadron beam)
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Physics program of COMPASS

Detector is advantageously located at M2 SPS beam
line with a variety of high intensify & h beams

e Runs with muon beam  Runs with hadron beams
(2002-2004,2006-2007) (2008-2009)
- Gluon polarization AG/G — Diffractive production
- g, Spin structure function — Search for new exotic states,
— Flavor decomposition of glueballs or hybrids
spin distributions — Light meson spectroscopy
— Transverse spin effects — Production of doubly
— Spin transfer in A- charmed baryons
hyperon production — Pion and kaon
— Vector meson production polarizabilities
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Polarized beam and target COMPASS inu run
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Ring Imaging Cherenkov Detector

Identification of n, K and protons

Cherenkov thresholds: n = 3 GeV/c 20 /K separation at 43 GeV/c
K= 9 GeV/c
p= 17 GeV/c

\ —
> 6m g
E
Mirror ﬁ @
S wall AN
Csl 5m
MWPC

Radiator:
C4F10

p (GeV/c)
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COMPASS tracking detectors
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MicroMegas (Micro Mesh Gas Detector)

3 stations, 12 coordinates - IO

size 40x40 crh .. 7 il
pitch 360 — 420um | e i
time res. <10 ns WYL TR |
space res. 70 -9fim
efficiency > 97%
Ne/CH4/CF, 80/10/10 %
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COMPASS exerimenta aII
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What makes up the spin of nucleon?

QCD:

Naive quark model: "~ additional ... and angular
valence quarks contributions from momentum
1 1 gluons ... 1
= +
E:_2 (AUV +Ad, +Aqs)J %:%AZ"'AG 5 1q J :
A =177 = ~as+L,
AG =2
+ AG+L,
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Nucleon spin puzzle since 1988
Vo= VAL + AG + <L >

O T

qguarks gluons orb. mom.

“past’ “present” “future” experiments

Measurement ofAG is important for
two reasons:

- as an element of nucleon spin puzzle
possible role of axial anomaly in the ; [a
Interpretationa, # AX)

-10500511522553354
8, (= AY) Is measured toM AG
3as

~0.30-0.35 instead of expected 0.6 5 = AY - —=AG

2T
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Photon Gluon Fusion (PGF)

o W

— clean channel
g & ——— g — but experimentally difficult
o ~ 100 nb...Iimited statistics

N
‘g - qg — hh
cross-section asymmetry A|| Y9 -9 -
— easy to get a statistics
ol — 511 — but physical background
AH = e e, 2 cases <1 Ge\* (90% stat)
ot +o & Q2> 1 Ge\? (10% stat)
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COMPASS 2002 - 2006 D“-tagged Mass Spectrum

Preliminary

N /5 MeVJc?

|
MiKn)-Mglfa“) (Gevf @

COMPASS 2002 - 2006 D°-untagged Mass Spectrum O

Preliminary

DO Kn

/ N,=37398

N/ 5 MeV/c?
o
(=]

no D* tag
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Open charm

*+ 0+

BR = 68%

D° o K777

BR = 4%

= golden channel,
weak MC dependence

= small statistics, no

vertex detector — no
primary/secondary
vertex separation
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Open charm

Gluon polarizatiol\G/G Is extracted from the measured double
spin asymmetr ., , of the D° cross-section

_ S  AG
Aexp _pupraLL S+B G

using the analysing powes, (), target polarisationg() , beam
polarisation ) , dilution factor {) and signal puritys/(S+B)

5[AGJOC1/\/ > x 8§
(v S+ B

S/(S+B)was parameterize&] as a function of kinematical
variables and the RICH response; it’s given event-by-event

Event weightW=p,fa 2
Preliminary (2002-2006) result
AG/G =-0.49 £ 0.27 (stat) £ 0.11 (syst)
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p+d.p 1 + 2h(high p ) + X

high prhadron pairs

- considerably higher statistics ... but
of  physical background, resolved photons

o L. .. .|-StAtistics  processes (last 4) are important only
107 10~ 10 1 10 10
Q® [(GeV/c)] for low Q2

QCD-
Compton + LODIS T 49
oooo

New analysis for Q2>1 GeV2was done using 2002-2004 data .
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AG/G measurements

* COMPASS, open charm, prel., 02-06
o COMPASS, high P Q%<1 (GeV/c)?, prel., 02-04
v COMPASS, high p , Q@*>1 (GeV/c)?, prel., 02-04 .
D e e new high pr
m 0.8 ] SMC, higt; P, @>1 (G;V/c)z | | \\\ pOint
< 0.6l T fit with AG>0, p*=3(GeV/c)® \
-------------------- fit with AG<0, n°=3(GeV/c)® >
0.4
0ok ( new charm J
of N L point
0.2
0.4
0.6
0.8
1 :| | I I I | ] | |
107 10" X
QCD fits2> JAG|= 0.2-0.3 as direct measurements point to a small
value ofAG ..... axial anomaly contribution Is smat» a,~ A>
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In 2008 COMPASS will collect data from two production mechani
with the same apparatus usinggand K projectiles

Central production Diffractive scattering

h

beam hfast
(7, M \./\/
R.(P) 3
0< :
Ri(P) aild

Large rapidity gap between

scattered beam and X Forward kinematics

Beam patrticle looses Large cross-section (~mb)
~10% of its energy Need to separate particles at
Particles at large angles very small angles

Possible source of glueballs Study of J*-exotic mesons
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Beam: 190 GeV positive/negative hadrons
Negative: 96% 11, 3.5% K, 0.5% p :
Positive: 75% K, 25% Tt COMPASS In ZOOd
Beam intensity: 5-10°had/s
Luminosity: 0.15 pb~1/day
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Eo g B
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AN /1.( ; J'
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[ = 5 ntg ”m N “ j] % 2
; !_ I b ‘IL| = |Accept
== | et o : il‘:_r' o T/~ 180
==t JTarget cell/” Lok
. Silicon Microstrip, — m]
Detectars
) | ~
/ —
st 450 mm |
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Detection of target recoll protons

Simulated recolil protons from Full acceptance fort= 0.06
diffractive T—p scattering (GeVic)2
i) 2
c 1200 ] generated e 1 I
S i —reconstructed @ |
O 1000 S |
: 08"
800~ t i
; do/dt ~ € od-
600 A
400 04
200 -
{ O'Zj
Lol b b b |
% 02040608 112141618 o
pn (GeV/c) % 010203 04050607 08 09
recoil —t (GeV/c)Z

Efficiency ~100% for P>290 MeV/c
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3t Events from Diffractive Dissoclation at COMPASS

2004 pilot run: 7 +Pb - 77 1 + Pk
Qa

Exclusivity = target stays intact
Momentum transfer

35
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Events/ (5 MeV/cz)
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5

x10°

—t

Cp
o
|
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COMPASS 2004

Bl C > 1 [x5]

Ranges in t (GeVzlcz)
[ Janv
-

Bl o< <102
T 102<e < 10!
D Dl<t' <1

5 25 3

Mass of TRt System (GeV/c?)

(pa o pc)2

Y

1
c 2
n—1
n

Y
Y

b d

Diffraction on nucleor

COMPASS 2004

Number of Ey
S,

10?

7\\I\‘I\\I‘\I\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘I\\I
0.1 02 03 04 05 06 0.7 08 09 1

TPb — Tt wtPb

: w%

Momentum Transfer t’ (GeVz/Cz)
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Invariant Mass of 8 System
Well-known g(1260), 3(1320),1m,1670) states come out correctly

Events / (5 MeV/cz)

x10° BNL-E852
’5.5:— a,(1320) M COMPASS 2004 . a) T
3 TPb — T Ph N
S TR S sooor
2.5 a,(1260) & -
£ = |
“r | 11‘ T,(1670) =
L5 / WW g 2000k
1— / \ 2
: / =
0.5 J Mm o -
TP S Y IV S o LLI
& o5 1 s 2 25 3 . - -
Mass of Tt System (GeV/c?) 1.0 15 2.0
COMPASS: p,=190 GeV/c BNL-E852: p,,=18 GeVI/c

4M events in 3 days (full t-range)250kevents= 11,(1600) but
450kevents in BNL-E852 t-rangets existence still questionable
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Mass ofrt' 1t combinations from 8 events

a2(1320) — T

~ Lor
;3 - COMPASS 2004 nPb — 7 Ph I
o L4l 0.1<t < 1.0GeV/?
O
= 120 L
Q B
>
k08 |
R C
= 0.6 -
£ 04F
> L
025 I - 1318]<0.107 GeVic)
_II|III|III|III|III|III|III|III
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200

150

100

N
]

0

T (1670) — pm, fom

Mass of wmtt System (GeV/ch)

2 — 140
1 8F COMPASS 004 TPb -t nPh
1.62— L 0.1<t <0GV [T=120
L4 100
1.25— a0
I
0.8F ~160
0.65 _ 40
04} ol
L ) 20
025 [m, - 1672]<0.259 (GeVic)
oo b b b b b b b b v by
002040608 1 12141618 2 Y
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Partial Wave Analysis
Notation of Partial Waves: JFCM¢[.. . ]L

@ Spin J, parity P, C-parity C, spin projection M, reflectivity e,
decay particles [...] and their relative orbital angular momentum L

o E. g.: m(1670): 2-t1t[Ax]S, 2 t0t[pn]P,  a2(1320): 2++1-[px]D

@ Intensity is a coherent and incoherent (e = +1, flat) sum of partial waves

x10° ~ 13 55103
§ 16_* *0*px S 1 ; { COMPASS 2004 % : COMPASS 2004 270f,m S
Y14 . N > L mPb—wnntPb
s T TPb — wrw'Pb 2 T o
% l’):— a1(1 260) 0.1 <t <1.0GeV¥c? g 2 5:_ 0.1 <t <1.0GeVT/e } n2(1 670)
z 100 £ o |
2 I ,
g 5 ! : 2 15F ’
6 - {
C 1=
4= - *
2:_ 0.5;* ¢ ¢
OiM.P"\I\‘\\\lI\\‘\\I‘.\\\\. 0:\\\\\\ *\I‘\\\‘\I\l\\\‘\\\‘ll**..
06 08 1 12 14 1.6 1.8 2 22 24 06 08 1 1.2 14 16 1.8 2 22 24
Mass of Tt System (GeV/c?) Mass of Tttt System (GeV/c?)
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COMPASS results compared to PDG values

State | (GeV) COMPASS =+ stat £ syst PDG
a;(1260) | M | 1.256 + 0.006 + 0.007 - 0.017 | 1230 + 0.040
[ ] 0.366 & 0.009 + 0.028 - 0.025,= 8250 to 0.600
a,(1320) | M | 1.321 £ 0.001 + 0.000 - 0.QG%. [\1.3183 + 0.0006
[ | 0.110 & 0.002 + 0.602,/T15 | 0.107 + 0.005
71(1600) | M | 1.660 + 0.010 + 0.000,- 9:064 |  1.6537) 0%
[ | 0.269 + 0.021 /0,042~ 0.064 |  0.225720%2
m(1670) | M | 1.659 + 0°905\+19.024 - 0.008 | 1.6724 + 0.0032
[ | 0.271 48009 + 0.022 - 0.024 | 0.259 =+ 0.009
7(1800) | M | 1,285\ G009 + 0.012 - 0.006 | 1.812 + 0.014
[ | 03208 £ 0.022 + 0.021 - 0.037 | 0.207 + 0.013
a4(2040) | M | 1.8¢4 £ 0.013 + 0.050 - 0.002 | 2.001 + 0.010
[ | 0.295 & 0.024 + 0.046 - 0.019 | 0.313 + 0.031

26/06/2008
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Exotics:1(1600) iIn COMPASS  preliminary

{

c_/]';. E_ . | /
> 800 " Tpm P COMPASS 2004 Breit-Wigner parameters
> 700 TPb - Tt T*Ph for 1,(1600)
% 600; 0.1 <t <1.0GeVc?
2500~ M= (1.66Oi0.010jg:3‘6)2) GeV/c’
£ 400 r =(0.269i0.021jg-g§j) GeV/¢*

300 |

200~

100 {

Oi._‘j_.l*l // ﬁ/l | | [ | [ | [ i __I_- _m
06 08 1 12 14 16 18 2 22 24

Mass of T System (GeV/c?)
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Light exotics

Experiment  Exotic JC Mass [MeV/e?]  Width [MeV/e?]  Decay
F852 m(1400) 1=t 1359 FSEN s34 T AR 0
Crystal Barrel ~ m;(1400) 17F 1400 420420 310 =450 T3 nw
Crystal Barrel  my(1400) 177 1360 425 220  £90 nm
Obelix m(1400) 17T 1384 428 378 458 pT
£852 m(1600) LT 1503 £8 7% 168 420710
E852 m(1600) 17t 1597 410 T13 340 +£40450  o'r
Crystal Barrel ~ m1(1600) 1% 1590  £50 280 £75 by
Crystal Barrel  m((1600) 177 1555 450 468 80 n'm
E852 T (1600) 1 ' 1709 424441 403 £80£115  fim
E852 m(1600) 17T 1664 48410 185 £25428 w7
E852 m1(2000) 17T 2001 £30492 333 £52449  fim
E852 m1(2000) 17T 2014 420416 230 £32473  wrr
E852 hy(1050) 2= 1954 48 138 43 W
COMPASS m(1600) I* 1660 +10 269121 PTT

26/06/2008

BEACHO8 26 june 2008
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Lattice calculation

Glueballs mass spectrum

ro Mg

3+ —

1

37—

O — 1%

()" —

Mg (GeV)

++

26/06/2008

-+

[Y. Chen et al., Phys. Rev. D 73, 014516 (2006)]

Lightest glueballs:
*M ~17GeVLE® (J7° =0")
e M ~ 24GeVLE® (37 =2"")

Experimental candidates:
* f,(1500) (Crystal Barrel, WA102)

JPC=0** = mixing with isoscalar
mesons!

Higher masses:

e exotic: JP¢ = 2+, O™

M~ 4.3 GeV¢?
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Expected event rates (run 2008)

e 190 GeV/c hadron beam £=0.15 pb-t/day

« Diffractive scattering: T p - 7(1600)p,7z (1600) 7' 1T
e o(y)*XBR(T, = 1r°1T1T)=0.6 b
« ¢(DAQ)xg(reco)=5% = 4.5-10° ev./day
«Goal for 2008: 1.6-10° 1;(1600) events in ~35 day

«Central production: mp-mf,(500)p,f, (1500)- nn - 4y
» 0(fO0)xBR(f,>nNn—>4y)=1.5 pb-5%-15%=11nb
» £(DAQ)xg(reco)=2% = 30 ev./day
*Goal for 2008: 2:10° f, »nn events in ~60 days

fo — 2nT 21 = 2.5-102 ev./day

«Goal for 2008: 1-10°f, > 21" 21T events in ~60 days
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Conclusions

Data taking with u beam: 2002-2004,

2006-2007

Direct measurements results indicate small AG around x = 0.1;

@ QCD analysis of g, shows the first moment of

IAG| = 0.2-0.3;

AG>0 and AG<O0 solutions describe data equally well

A2 AG <Lz>

1/2=1/2x0.3 + 0.35 + 0.0
1/2=1/2%x0.3 + 0.0 + 0.35
1/2=1/2%x03 - 035 + 0.7

but direct measurements
cannot
yet discriminate between
them

Pilot run with Ttbeam: 2004 (3 days)

@ Diffractive reactions being studied: 31t

@ Major partial waves are correctly reconstructed
@ Statistics 2xhigher than BNL-E852 in 1 year

Looking forward to many new results

from 2008 hadron run

26/06/2008 BEACHOS8 26 june 2008
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Data taking...

Up to 2008 COMPASS has collected data for

program with a polarised muon beam

 beam momentum/polarisation: 160 GeV/c /~80%

* beam intensity: 2x108 py+/spill (4.8s/16.25s)

e [uminosity: ~5 x103?> cm=2 s

e up to 2006 SLID target (~ 50% polarized deuterons)
e in 2007 NH; target (~ 90% polarized protons)

e recorded about 5x10 19events ~ 2000 TB

2004 a short pilot run for hadron program
2008: hadron run with 190 GeV 1T beam for
diffractive and central production Is going on
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Nucleon spin decomposition

Proton spin sum rule:
YVo=%AZ + AG + L,

Total quark spin (cf singlet axial charge a,)
AZ = Au + Ad + As

Net quark spin contributions Aq

Net strange quark spin As
Net gluon spin AG
Orbital angular momentum L,



Asymmetry measurement

two oppositely polarized 60 cm long target
cells:upstream (u), downstream (d)
cells polarization reversal every 8 hours
counting rate asymmetry in two target cells
gives thecross-section asymmetri,

upstream downstream

gl — 501 Ay 1 1 [NV - NTT N — NIt
A = ol - oM D~ PrPsfD 2 ( NIV NTT i NI N,IT)
- ‘i T target polarisatio-~ 0.50
- 1 7 dilution factor f = 0.40

G target euD\ beam polarisatioR; ~ 0.80

160 GeV \ depolarisation factdd =~ 0.60
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Measurements of the gluon polarization

1. Double spin asymmetry of tliePEN CHARMcrosssection in
high energyuD scattering(first direct method)

2. Double spin asymmetry of the h-pt HADRON PAIRS in high
energyuD DIS: P> 1 GeV? (second direct method)

3. Double spin asymmetry of the highHpADRON PAIRSIn high
energyuD scattering: @< 1 Ge\* (second direct method)

4. Measurement of g1 of the deuteron ricD fit of all the world
data(indirect method)

26/06/2008 BEACHO8 26 june 2008 34



G =y NIGh p- hadron pairs
S1000 . PGF contribution enhancement
11771}?
Uy pr> 0.7 GeV/c
500
10% of
t t?stics; Pr1°+ Pr” > 2.5 (GeVicy’
10 10 10 ;I 10 210
Q" [(GeV/e)’] m(h,,h,) > 1.5 GeV/c?

Q?<1GeV? «— analysis — Q?>1GeV?
90%  « statistics from total — 10%
50% <« resolved photons contribution — ----
QCD-C, LO « another background — QCD-C, LO
PYTHIA « MCgeneratorused — LEPTO



Gluon polarization: direct measurements

e open charm: 4 [1929)
AG/G =-0.49 £0.27 (stat) £0.11 (syst)
<x>~0.11, q1*>> ~ 13 GeV

* high-p; pairs, G>1Ge\~; 2002—-2004
AG/G = 0.08+ 0.10 (stat)x 0.05(sys)
<x>=10.082 u?~ 3 GeV

 high-p; pairs, G<1GeV*: 2002-2004
AG/G = 0.016 + 0.058 (stat) + 0.055 (syst

<x> = 0.085.2 = 3 Ge\?
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so00f
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3000f

2000

T000F

Signal purity:2 parametrisation

D’-tagged events with T < 0.55

D°-untagged events with X < 0.055

COMPASS Preliminary

L HI_”I;]_IZH”‘]_I:QH
W, -M; [GeV)

D"-untagged events with 0.085 <X < 0.12

1000

£ 1200

a0

COMPASS Preliminary
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1 L
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1
02 01 0 04 0.4
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L 1 |
0.4 03 -0
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2 T
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3 04
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D".untagged events with 0.12 <% < 0.2

5000 COMPASS Preliminary

2000

1 L
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1 1 1
<04 0.3 -0.2 -0 -0 01 L4
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DO - Kn
no D* tag

;

D°-tagged events with 0.73 < £ < 0.85
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- 2
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2002 D"-tagged events

500[ COMPASS Preliminary
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Weighted mass spectra
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Mesons beyond the NQM

@ COMPASS will start the meson spectroscopy program in 2008 — glueballs and hybric

@ The NQM only predicts mesons composed of gg

@ However, gluons carry color charge and can appear as valence constituents:
e Glueballs: states with only valence gluons (gg, ggg)

e Hybrids: gg-systems with one additional valence gluon
@ quarks can also form ggqgq bound states and meson-meson molecules

@ non-gq mesons can have exotic J¢ combinations:
JPC = 0=, 0t 1=+, 2%, ...

@ The unabiguous experimental identification of such states represents a fundamental
test of non-perturbative QCD
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Glueballs mass spectrum

Lattice calculations (numerical solution of the QCD Lagrangian over a space-time grid)
provide the most accurate predictions for the glueballs spectrum
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@ Lower mass glueballs:

o JPC —0"t scalar
M ~ 1700 MeV/c?

e JPC — 2"+ tensor
M ~ 2400 MeV/c?

@ The light glueballs have
conventional J°

mixing with nearby gg mesons

)

@ The lightest exotic glueball
(277) is above 4 GeV/c?
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PWA results

Major partial waves are correctly reconstructedeatance distorsions almost absent
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