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Overview:

* COMPASS experiment

* Spin of the nucleon and deep-inelastic scattering
* Inclusive asymmetry A; and structure function g,
« QCD analysis

 Summary and outlook
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COmmon
Muon and
Proton
Apparatus for
Structure and
Spectroscopy

28 Institutes: Bielefeld, Bochum, Bonn, Calcutta, CERN,
Dubna, Erlangen, Freiburg, Lisbon, Mainz,
Moscow, Munich, Prague, Protvino, Saclay,
Tel Aviv, Torino, Trieste, Yamagata, Warsaw

~ 230 physicists
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Iongltudlnalfy polarlsed, 1r;nuon beam:
intehsity:-2:40° *lspﬂﬂ 8 sec/16.2'sec) |
momentum: 160 GeVlc :
longitudinally/transyersely polarisect target—-

-
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Physics program of COMPASS

With y beam

Spin dependent structure functions
Polarized quark distributions

Gluon polarization

Transversity

Lambda polarization

Vector meson production

With hadron beam

Pion and Kaon polarizabilities

Diffractive production of exolic states
Search for glueball

Light meson spectroscopy

Production of double charmed baryons
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COMPASS spectrometer

pwall 7

E/HCAL2 g SN

(P=80%)
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COMPASS spectrometer

pwall 7
E/HCALZ

i\ e
e ",
o,

- Two magnets: 1 Tm, 4.5 Tm;

- Tracking (p>0.5 GeVI/c):
SciFi, Silicon, MicroMega,
GEM, MWPC, DC, Straw;

- PID (RICH): &,K,p;

/“' - Electromagnetic and

(P=80%) Hadron Calorimeters;
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COMPASS polarized target 2002-2004

2 cells polarized target

L m sLiD (50%)
*He-Precooler = r["']
L] ducti . .
st « polarization: P >50%

e dilution factor: ~0.4

Acceptance
. (rOmrad) « Dynamic Nuclear
= N Polarization
Dilution refrigerator Targets
* solenoid field: 2.5T
«104

» acceptance: 70mrad

* 3Hel *He: tyin =50mK

* two 60cm long target cells
with opposite polarization

* regular spin reversal

1
100 50 0 50
z [ecm]
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Spin of the nucleon
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Spin of the nucleon

S\=2=%AX+AG+L +L,

Constituent parton model: Complete description :
A =Au +Ad =1 « A = Au + Ad + As (for g and q)
« AG

» orbital angular momenta
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30 June - 4 July 2008

Deep inelastic scattering

Kinematical variables:
Q*=-q*

x = Q?*2Myv

v=E-E’

y =V/E

HSQCD D.Peshekhonov COMPANE 11



Deep inelastic scattering

Kinematical variables:

Q*=-¢*
x = Q*/2Mv
L . v=E-E’
(E, p).~ y =V/E
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Deep inelastic scattering

« quark densities in QPM: v
q(x) = g*(x) + g7(x) e, @ ) ”ﬁ \
Lqeiq

AQ(x) = q*(x) - o (x) R
 Longitudinal double-spin AN =4, = T2 "2 Zq ¢gAq
asymmetry: o2t oz ) €aq

* Longitudinal spin asymmetry puN:
» Cross-sections , N
AN = e — 82 ~ DA,

d Cak=ail &
an
D — depolarization factor of y

¢ Structure functions and PDF:

5(z, Q") = aFi(z,Q") + bFa(z, Q%) 1 1
2 = 2 —
Ao(@.Q?) = ani(e, Q) + fea(@.Q?)  Fi=3 D_ci(at). oi=5 ) i (AatAd)

q q

Structure functions:

« Asymmetry A, and structure functiong,: g.=A; - F;
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* flux normalization:

acceptance:

(constant ratio)

to be measured:

measured values:

double ratio method:

Method

= solve for Acxp (2" order equation)

= minimization of bias

« experimental asymmetry:

30 June - 4 July 2008

A, — |
S R Upstream Downstream
..................... . S
r TN N | <
:\'H :\"dr *'-l\"u.' :\'d i—r- - Nu — Nd E
! u—beam i
L e e e e s e e .
D -
T, = 1 Spin rotation every 8h
7 i " i
M= i, [ = Ny [ = Ny
“u i.-----------------------j
§ — Nu-NJj
¢ T NN,
Acxo=p, prf Al
pp ,P 1 - beam and target polarization
f - dilution factor
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Inclusive asymmetry A;
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Inclusive asymmetry for Q?< 1 (GeV/c)?

1 — COMPASS 2002-04, =1 (GeWic)®
T:f‘ - ®  COMPASS 2002-03, GPel (GeVic)
0.8 ] =143, O7=1 (GeVig)®
— u] =155, @1 (GeVic)® 1 [
0.6 HERMES, all @° T
B ¥ SMC.an o’ [
0.4 ‘%1 '.
N T i .
0.2 { j&E[ [
L i )
= L
0 +
-u 2 I_ 1 | L 1 L1 111 II L 1 L L1 | 1 1 1 L1 1 11 |

10 107 10° 10"
* Results are published in PLB 647(2007)330

» Systematic error mainly due to false asymmetries

- A4, is compatible with 0 at small x

 3-10° events: factor 10-20 improvement in statistical
errors compared to SMC
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Inclusive asymmetry for Q*> 1 (GeV/c)?

0.7
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»

* Results are published in PLB 647(2007) 8

* Systematic errors: pu(5%),p(5%),f (2+3%),D (6%) —6A; =0.1A,
« 88:10° events for 0.7>x>0.004, 0.1<y<0.9
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Inclusive asymmetry for Q*> 1 (GeV/c)?

3 0.7
= M } ® COMPASS 3 = ~
u—}} ; : * SMC 116396 X
} F % * E143 = 05
oz ﬂ 5 E155 -
0.04 4 HERMES % ] _E 0.4
006 ] , L }\{i _; 0.3
_ 10" X £§ %if —i 0.2
= i =
— E { - 0.1
;_'E' *1* & H{Efﬂﬁzﬂg | I —; 0
— . . —_“ = 0.1
1072 10" 1

* Results are published in PLB 647(2007) 8
. Ad1 is compatible with 0 for x <0.05

» good agreement with previous experiments
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Structure function g4(x) at measured Q?

_Hh\ 0.03
H‘-’
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-
Py
0.025
aﬂ i

Y22(1+ R)

. i)

0.02
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30 June -

First moment of g,
COMPASS data only

1
N (Q® = 3(GeV/c)?) = / o () du
0
=0.0502 + 0.0028(stat) + 0.0020(evol.) + 0.0051(syst.)

data for 0.004<x<0.7, QCD fit used for extrapolation
contribution of unmeasured region about 3%

using TIY=301- @ + O(ar + s%)) (ao(Q?) + tas)
ay(Q* = 3(GeV/c)?) = 0.35 + 0.03(stat) + 0.05(syst)

extrapolation Q*—o0: 49 =0.33 + 0.03(stat.) £ 0.05(syst.) =AX

(As + As) = V4(a, + ag) = -0.08 + 0.01(stat.) + 0.02(syst.)

negative strange sea polarization

4 July 2008 HSQCD D.Peshekhonov
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QCD analysis
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QCD analysis

« Measured structure functions g.>"9(different x,Q2)

1 i | N
g1(z, Q%) = E(eg} [r:;ﬁ' RAL 4+ CY @ AN + 2nfCo ® &G}

Two programs have been used:

1. Numerical integration in x - Q? space (Phys.Rev.D58(1998)112002)
2. Solution of DGLAP in space of moments (Phys.Rev.D70(2004)074032)

NLO calculation in M_S scheme

Initial parametrization (x-dependence at fixed Q?)
z*(1 —z)? (1 + vx)
Jy e (1= 2)7(1 + yo)dz

(1 — z)?
T
fn zo(1l — x)fdx

World data fit: 230 experimental points from 9 experiments

AS =1 (Ags, Ags, AG) = n

Two solutions have been found: describe data equally well and
correspond to AG>0and AG<0
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QCD analysis

2 2
COMPASS, 07=3 (GeV/c)
~ 0.2 - :
3 045E
- — ¥ .
"":: Ty D'IE.; ¥ ﬁ i _'_i‘_#_.;
u.uzg il ﬁ # a\
-0.05E- ||| + 9" evoed by L With AG>0
0.1 || 4 || v !;}I:h'I evolved by fit with AG<0
- T e g" evolved with LSS,GRSV,BB
-0.15E5 1 e i S N
02E il QCD fit with AG=0
' g/ --=-===- QCD fit with AG<0
025 | & © e QCD fit of LSS, GRSV, BB
_u.-a: L Ll 1 Lo 1 | [ |
1072 107 1
X

Fit of world data (except final g¢ from HERMES)
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Polarized parton distribution

COMPASS QCD fit, MS, 0°=3(GeVic)’, AG=0 COMPASS QCD fir, MS, Q°=3(GeVic)', AG<0|
F [~ x(duam P F [— x(Autam) '
M;_ = x (Ad+AT) SO 0'3:_ - x (Ad+Ad)
0.2 | yag 02 | L
0.1 P ' 015
0 _ 4]:_ ..................... .
'0-1:_ } COMPASS range - . | '0'1:_ } Cij'."«ﬂ”.-_lii“m'ri-:ra;.“ ' i -
[ 1 L1 raaal 1 L1l 1 L1111 C 1 L1l 1 Lol 1 L1 11111
10° 107 107 L1 10 10% 107 L1
X X

*AX. =0.30 * 0.01(stat.) £ 0.02(evol.)
- Small sensitivity to the gluon polarization

* Gluon polarization |AG| = 0.2+0.3
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2006-2007 data
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Data taking 2006

- target material: °LiD 7 r

—
* longitudinal polarization | /5:..—--" .
* increase statistics by about 40% / Tty
 larger increase at high x and Q? i

(acceptance) Ui
* reconstruction finished

Hadron triggers
¥ E
ihm:

Ao

P

El

Polarization of °LiD in 2006:
53.5% -52% 56.2%
Higher and faster than in 2004

2l
L o

o

e

A

30 June - 4 July 2008 HSQCD D.Peshekhonov



Data taking 2007

* longitudinal and transverse polarizations
* new trigger with use of ECAL1
* integrated beam flux about 30% of 2002-2006

| Polarization build up |
= 100

target material: NH;

? e * high polarization
E i_ « very good relaxation
o time (~ 4000h)

0 * field rotation without
:::_ loss of polarization
Ei Polarization in 2007:
L e SN N NN T +92% -83% +88%
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Summary

- Analysis of deuteron data 2002-2004 have been

presented:

- Inclusive asymmetry Aol and structure function g‘i'

- First moment of gil and QCD analysis
d
- Data of 2006 have been processed, update of A;

expected to be soon

* Processing of 2007 data (longitudinal polarization)

IS in progress
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Spare slides
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I3t hadron 2;5?9%?“

Top view Ricy  absorber Trigger
P A SM2  Thgeer MM LA
/ |ECALI _ hoddscopes 3rd hadron
/ < absorber
SM1 / - . .
Stlhicons, raw ' )
SciFi 2 ‘
Eeam .Tlnrget ' ‘ ‘ ]l
- ‘l el e
=03
hoﬁow}pes MWPC
¥ SciFi, \ Ly SciFi, .
DC. . GEM, ECALS
L MicroMeGaS  gypng L MW 1 MWPC MW2
DC, HCALI
Straw
T | | | | T |
—10 ] 10 20 30 40 S0 [m]

e Polarized beam p* (-80%), E,=160 GeV o Tracking detectors of different

e 2/3 cells polarized target °LiD (50%) and types
NH; (90%) e Identification: HCALs, ECALs,
e Two stages spectrometer RICH, muon walls
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Expectation from 2006-2007

3°=
e longitudinal target polarisation: g¥ at low z
flavour separation of PDFs 9P
sigh of strange sea polarisation : 1
at low ¢ [ {1 Hﬁﬁ&ﬂj.%
shape of g! at low x : I mf‘*nm

Significant improvement in QCD evolution is possible
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Deep inelastic scattering

e (Quark densities in QPM: -
q(z) = ¢ (z)+q (2) VAVAL Qv
Aq(z) = ¢ (z)—q (2) Gy~ Lq€iq

2
O1/2 — O3/2 Zq egAAq

Longitudinal double-spin asymmetry: AN =4, = = =
o12 + 032 Eq €aq

- . e Longitudinal spin asymmetry pulN:
e Spin (in)dependent cross-sections: & p y y H

i T4 T+t
HN gt —a _ Ag
c=5+ A0 AT = o = 5 = DA

D — depolarization factor of ~

Structure functions Fy 2 and g1 2
e Structure functions & quark distributions:

5(z,Q%) = aFi(z,Q?) + bFy(z, Q%) ) 1
2 — 2 —
&.r_‘.l'(:ﬂ? Qg) = g1 (I]Qg) + .BQQ{LE,QE) F1=E Zﬁq (Q’—H}'}-_. §1:§ ZE“' {&q—l—ﬂq}

q q

e Asymmetry A; gives access to g1: g1 =~ A1 - Fy
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Deep inelastic scattering

Kinematical variables:

Q*=-¢*
x = Q%/2Mv
v=E-E’
y =V/E
(E. p) —
-'_> > COMPASS 2002-03 108
(n10 3
E:J 1 -=— 10°
1!‘.}";‘
z 10*
10%F
10°
10°F
10+ 8 10°

10% 10° 10* 107 10? 10" 11
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QCD analysis

e Measured structure functions gjf’d’“ (different z, Q%)

1 )
g1(z, Q%) = E(eg} [Cj‘ RAL+CY° @ A¢V® + 2n; Ce @ QG}

e T'wo programs have been used:
1. Numerical integration in (z, Q*) space (Phys.Rev.D58(1998)112002)
2. Solution of DGLAP in space of moments (Phys.Rev.D70(2004)074032)

e NLO calculation in M S scheme

e Initial parametrization (z-dependence at fixed ?)
z*(1 —z)? (1 + vx)
1 '
Jy z2(1 —2)8(1 4 yz)de

e World data fit: 9 experiments, 230 experimental points

(1 — z)?

A¥. =n
ful zo(1l — x)fdx

{&q-d: Ags, ﬁG’) =N

« Two solutions have been found: describe data equally well and correspond
to AG>0and AG<0
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Spin of the nucleon

S\=2=%AX+AG+L +L,

Naive parton model: Complete description :
A =Au +Ad =1 « A = Au + Ad + As (for g and q)

AX =0.23£0.07 £0.19 (E155) ° AG
» orbital angular momenta
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Deep inelastic scattering

« quark densities in QPM: v

ax) =q' ) +ax) - @ ey ‘
Aq(x) = q*(x) - q7(x) 2l Lyeiq

 Longitudinal double-spin AN = 4, = Ju2 982 Eq €alAg

asymmetry:  oiyptose ) e
* Longitudinal spin asymmetry puN:

 Cross-sections:

i T4 T+t
HN gt —a _  Ag
c=5+ A0 AT = o = 5 = DA

D — depolarization factor of y
« Structure functions and QDF:
5(2,Q%) = aFi(z,Q%) + bFa(z, Q%) X 1
2 — 2 —
Ao(z,Q?) = agi(z, Q%) + Boa(2, Q%)  F173 Ze‘f (a+4), 9173 Z ¢q (Ag+Ag)

q q

e Structure functions:

« Asymmetry A, and structure functiong,: g.=A; - F;
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