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Physics Motivation

1 1

o AY. @ SMC, SLAC, HERMES, JLab :

o Ellis-Jaffe sum rule violated.
o AY contributes little to nucleon spin.
o Where is the nucleon spin?

o AG :

o Next candidate contributor.

o Large AG, ~2-3 at SMC Q? would mask quark spin via axial anomaly
Efremov, Teryaev, JINR Report E2-88-287 (1988).
Altarelli, Ross, Phys.Lett. B212, 391 (1988).
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COMPASS Spectrometer

e Muon Beam
o 160 GeV. &
o 2 -10%u per Spill of ~15 s.
o 76-80% polarisation.

o Target
o LiD : f ~ 40%, Pr ~ = 50%.
o Cf. Kisselev’s talk.

e Spectrometer  NIMA 577 (2007) 455

o Two stages,

each with HCalorimeter and p-filter.
o RICH : in stage 1.
o ECalorimeter : 2(since mid-2004), 1 (in 2006).
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Asymmetry Measurement

e Two oppositely polarized target cells : upstream, downstream

e Polarization reversal by field rotation every 8 hours :
Al 1 1 (NMN-NIT o N Nt
D TP PiD 2\ NI N T NI N

) D = Depolarization factor

Prx P, x fxD ~ 50% x 80% x 40% x 60% ~ 10%

e Weighted asymmetry
Al 11 (Ehw -Ye ST w - w
Do Pr2\Ele?+ 30w - it + e

= Gain in precision = /(w?)/{w)?
e Microwave reversal (once per ~month) cancels acceptance vs. target field correlation.

e 2006 : 3-cell target = Even better false asymmetry suppression. Rotation once per day.
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Data Taking

e Luminosity in the longitudinal mode :

2002 2003

2004

2006

Integrated Luminosity (fb—1') | 0.43 0.58

0.92

0.85

e 2006 upgrade :
o Larger acceptance : 70 mrd — 180 mrd.
o Better RICH PID
o Electromagnetic calorimetry.

e Only partially analyzed : 2002 <> 2004 (most of the time)

e COMPASS resumed data taking in 2007,
w/ a polarized proton (N Hg) target.
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AG wvia scaling violation in ¢

e COMPASS QCD fit :

o Cf. talk of Helena Santos.

= World data described well by two solutions, with AG > 0 and AG < 0, resp. :

Distributions of gluons, MS,AG>0 Distributions of gluons, MS,AG<0
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04 - “‘ _O —=cc R
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0.iL _0_5:\ Lol .' L1111
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= Small sensitivity to AG = Need direct measurement
= Sensitivity to assumed functional shape.
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AG/G direct measurement : Photon Gluon Fusion

N

q = c : Open Charm production

o Triggered by PGF at LO
(neglecting Intrinsic Charm)

= Theory Golden Channel

o Experimentally difficult

o pQCD scale set by § > 4m?

= Explore all Q?

O

q = u,d,s,c : High pr Hadrons

o Competing LO-DIS, QCD-Compton and
resolved photon processes.

= Theoretical uncertainties.

o Higher statistics

o pQCD scale can be set by pr
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Open charm

e D° - Km
o Thick target

= No Charm decay vertex reconstruction

o RICH PID
+ Kinematical cuts

— Momentum fraction zpo
— D° decay angle

e Favorable case : D° from D* — D°nr — Knrw

o 1/3 of D°'s

o D* tagging by cut on 3-body
Invariant mass

: D° meson reconstruction

—

—

o Bump = D° — Knnm® missing m°

N /20 MeVic?

N /20 MeVic?

[ D’ candidates in 2002-2004 |

N(D°) 14577 + 604
Mass 2.9+1.1 MeV/c?
Sigma 26.6+ 1.2 MeV/c?
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Set = effective Signal = S*/(S + B)
where S and B Signal and Background counts.

[ D* candidates in 2002-2004 ]

N(D% 3869 + 104
Sy =1966 +/- 51 )

Mass 4.9+ 0.8 MeV/c
Sigma 28.6 + 0.9 MeV/c?

COMPASS preliminary

" " " " " " " " " 1 " " "
-400 -200 0 200 400
m(DO)-m(DI(:t)[MeV/cz]
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Open charm : Extraction of AG/G

e Ay determined to be negligible on side bands.

e |n order to minimize statistical error use event weighting

w= P, farr S/(S+ B)

e Needed inputs :
o Signal purity S/(S + B) : derived from fit.
o arr from a parameterization derived from MC simulation.
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Open charm : Analyzing power aj
< >AG [ AcTCF(3) AG (2, 5) d3
ALL)—~ = ~ - -
G [oPGF(8) G(x,,5) ds
g 0.8%— COMPASS preliminary
g 0.65— Open Charm analysis
3 e Hard scattering kinematics
of o Needs MC information
02F o MC = AROMA. Checked vs. data.
N3 . e Parametrization with : y, Q% zpo, pr o
B T T T T T T T e Using neural network

-1 -08 -06 -04 -02 -0 02 04 06 08 1
a,, (Neural Network parametrisation)

Correlation factor ~ 82%

= LO extraction of AG/G.
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Open charm : Result

COMPASS Data 2002-2004 AG/G

Q F
D :_ ....................................................... l ................................... ! .......................................................................
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e Preliminary result from COMPASS 2002-2004 data

0 O O O

MC :

Systematics include :

charm mass and PDFs.

False asymmetry : Upper bound from high statistics including background.
Background asymmetry.
Fitting procedure.

(xg4) = 0.15
p? ~13GeV?

AG/G = —0.57 £ 0.41(stat.) £ 0.17(syst.)
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High pr hadrons

e Competing processes : % \;5 %

QCDC LO (pr via hadronization)

+ Resolved photons : 2 \EOE E ;Z

aq — qq q9 — 49 q9 — 49 99 — 99

(Introduce a dependence upon the poorly known polarized structure of the photon.)

e Factorization granted by hard scale.
e 2 different methods :

|) At LO : AH ~ (RPGF <GEEF> —+ Z RZ (aiLAq/q> ) AG/G -+ ABackground
Determine R, (arr) and Apackground from MC simulation.

II) Asymmetry vs. pr compared to theoretical prediction based on AG parametrization.
Can be NLO.
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High pr measurement via MC generator

o ()% <1 GeV?
o PYTHIA used :
pQCD + resolved photon + model dependent low scale processes.
o Hard scale defined by pr
o Highest statistics.

o Q2 > 1 GeV?
o LEPTO used :
pQRCD alone = better controlled.
o Hard scale defined by Q?
o Lower statistics.
o Resolved photons assumed negligible.

e (f. presentation by K. Klimaszewski
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NLO calculation : high pr photoproduction

e Calculations by group of BNL/Regensburg.
o Single high pr hadron
Jager, Stratmann, Vogelsang, Fur.Phys.J. C44 (2005) 533-543.
o Pair of high pr hadrons
Hendlmeier, Stratmann, Schdfer, arXiv :0706.3766 [hep-ph/

e Photoproduction : Q% < 0.5 GeV?
e A independent of MC model.
e Dependent upon functional shape Ag(x)

e Need to validate calculation on unpolarized cross section

SPINQ7, Dubna 14



COMPASS Y. Bedfer

General Trend in NLO Calculations at low /s

P+tp-~ 7TO + X H
e PHENIX /s = 200 GeV 1
AISR Vs = 52.8 GeV ] . i .
owos Vs ooy e Everything is fine at /s = 200 GeV.
mISR Vs = 23.3 GeV ]
o E704 s = 19.4 GeV E
AFNAL Vs = 19.4 GeV 1

e Discrepancy grows at lower 4/s.

e All-order resummations of large logarithms
greatly bridge the gap
Phys. Rev. D71 (2005) 114004.

e Resummations not yet done in COMPASS case,
Vs = 17.3 GeV.

For the time being, assume they do not impact
on the asymmetries.

Ed’s/d’p [mb/GeV’]

0 5 10 15
pp [GeV/c]

Eur.Phys.J. C36 (2004) 371-37/
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High pr photoproduction : Projections

e Measurement not released yet.
e Projections (compared to GRSV scenarios) :

< 03 —=— COMPASS ('02+03) [ 'I 'I L B i
| —— GRSV-std 03 F A" —
o GRSV-max i L. | .
- Ag=-g
04— 02 F —— 'max.y’ B
oE _— _+_ [ ——e-e- ‘min. y' i
:..,_._ el e —— _....-. ................. —— e I.-_\lg _ DI 4
c e ] 0.1 F __
0.1 / std. Ag' 1
- e il I ]
_02—_ U _.....:.:.l._._'-::" & —F I i .............................I:;_‘.‘l.....:.....l...._
L = e g=g A
- Only error bars L L=1/fb " input ]
O3 e - PN RS S T SR S SR S S N
0 0.5 1 1.5 2 2.5 p?;— [Ge?,\S/] 1 2 3 pT [GE‘V] 4
Single hadron : Data analysis Hadrons pair : Hendlmezer et al.,
of ~1/3 of recorded data. arXiv :0706.3766 [hep-ph/
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AG/G : Summary of results

| fit with AG>0, MS scheme, Q*=3(GeV/c)?
| s==ss=ses fit with AG<0, MS scheme, Q= 3(GeV/c)2
‘ ! > 0.8H * COMPASS, open charm p2= 13(GeV/c) prel
S M H () COMPASS, high P, Q <1(GeV/c)y?, prel.
H v COMPASS, high pT Q?>1(GeV/c)?, prel.
o 0.6H ] SMC, highp_, Q >1(GeV/c)2
q "TH A HERMES, hlgh P all Q published (2000).
1 ¢ HERMES, high p all Q2, prel
04— - A
0.2—
C P 1y .
OfF————— ?/ i
0.2~ u I
04—
06 ——f | | | | . | | | | | | |
-2 -1
10 10 X

e COMPASS disfavors the large values needed for AG to account for the g results

via the axial anomaly.
e But compatible with |AG/G| ~0.2: 0.3
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2006 Upgrade : RICH

e Central part : Csl+MWPC photodetectors — MAPMTs
e QOuter part : Faster electronics.

| RMO1P___2D_hitmapPhotonView | | RMO1P___ 2D_SingleEvtPhotView |
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us range : Event dominated by halo muons. ns time resolution.
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2006 Upgrade : RICH + Acceptance

e Combined effect on tracking of :
o RICH improvements
+ Enlarged acceptance : 70 mrd — 180 mrd

x 107" x 107"

“ RICH centre oy Magnet accept. l

30

K/(incoming W)
E:.;

) bl |
200 300 D 100 200 300

O (mrad) 0 (mrad)
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2006 Upgrade : ECalorimetry
i ‘: ECALI (1500ch.
Cables, 1500ch, PI \“\ s 4 CAMAC crates,
\‘ﬁ \T@ HY + LED
i/ 7 /
5 "|| o _OLGA blocks, 326 ch.
'IIII f /I = l'}r""ﬂ.[!
GAMS blocks, wsu;ﬂﬂ; ] = L Mainz blocks, 572 ch,
\\ ,r"fi;fm | ;—/'j _, -I '
7 VME rratesy \E //
SADC, Shapers y
N {3 © e
131
ki $.r @
e Electromagnetic calorimeter in first stage : 1500 lead glass blocks.
o Installed in 2006. Included into trigger system in 2007.
o 2006 data being analyzed.
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2006 Upgrade : Impact on AG/G channels

e Gain in FoM per incident muon.

(C’aveat s - FoM(x 5AG/G_2) evaluated on effective #events, ignoring event weighting.)

— Data ]
—— Background fit
— Signal fit
SignalPioO fit
—— Clobal Fit

150~

dN/dAm

o Open charm D* : x 2.25 :

1008 Rt

50

(Extm gain from RICH PID below K th'reshold.)

Dx's in 1/2 of 2006 data.

o High pr Q% >1: x 1.8
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Conclusion

e Open charm
AG/G = —0.57 + 0.41(stat.) £ 0.17(syst.) x,~0.15 p? ~ 13GeV?

e High pr Q? < 1 (2002-2003 data)
AG/G = 0.06 £0.31(stat.) +0.06(syst.) x,~0.13
o High pr Q% > 1 (PLB 633 (2006) 25-32)

AG/G = 0.016 % 0.058(stat.) £ 0.055(syst.) z, ~ 0.085 u2 ~ 3 Gel/?

e Favors low value of AG

e NLO extraction from high pr photoproduction to be released.

e 2006 :
e 1/2 more statistics.
e Larger impact on FoM due to upgrade.

e 2007 : Polarized proton target.
(Not optimum for AG since f Pr reduced.)
e 2008 : Hadron beam.
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SPARES
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COMPASS QCD fit : Results for p,n and d

e World data at Q? = 3GeV?2. p, n and d with AG > 0, and d with AG < 0
AG < 0 preferred at low z.

| COMPASS QCD fit, @°=3 (GeV/c)>, AG>0
T « 0.04F
(@) - o SMC
x - s E143
0.03 o E155
- s HERMES
0.02— o COMPASS )
- — QCD fit
0.01—
L i3
g .
-0.01_— | Lol | Lol | [ |
10° 102 10
X
COMPASS QCD fit, @°=3 (GeV/c)’, AG>0 |
o o 0.08F
(@) = o EMC
< 0.075 . ave
0.06 A E143
0.05F ° E155
o + HERMES
0-04? — QCD fit
0.03F
0.02F
0.01F
J=

ey
)
[

| COMPASS QCD fit, @°=3 (GeV/c)*, AG<0

T « 0.04F
(@)] - o SMC
x :_ s E143
0.03: o E155
- ¢ HERMES
0.02— e COMPASS
- — QCD fit
0.01—
o 3 &
-0.01_— | Lol | Lol | |
10° 10° 10* 1
X
COMPASS QCD fit, Q°=3 (GeV/c)’, AG>0 |
c — 0.03F
[@)) - * JLAB
X o002 v E142
- ¢ E154
0.01— + HERMES
E — QCD fit [R5
O_
-0.01
-0.02
-0.03F
10° 10° 10" 1
X
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Open charm : Extraction of AG/G

AG s
G os+ 0B

N; = a(ID(as + 03)(1 + PTPMf(aLL

for each of i = (u,d) x (1, ™)

Mgttt
e Look at double ratio 2 JTFITT

o & same for u and d = cancels out.

o Assume stable acceptance u/d ratio =; a cancels out.
e Determine Ag = 0 from side bands.
e Solve for AG/G

e Needed inputs : arr, and purity.

OB

+ Ap

0os +0pB

SPINO7, Dubna

25



COMPASS Y. Bedfer
2006 Upgrade : RICH 4+ Acceptance
30 % 10-12 % 10-12
’5_ [ Jrun 2006 ’5_ 15— [ Jrun 2006
@) B run 2004 @) B run 2004
c c
20—
3 S
= k=
7 B
10
L | .- L. .
200 300 00 100 200 300
0 (mrad) 0 (mrad)
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