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Muon programme

Beam:
e Momentum: 160 GeV/c
e Polarisation p*: -80%
Target:

e Polarised both longitudinally
and transversely

e Material: ®LiD, (NH3)
e Polarisation: ~50%, (90%)
e Two target cells

Data taking
e 2002-2004, 2006-2007, ...

Dipole magnets

Polarised Target

High pT pairs
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ysics motivation

1

e In a naive Quark Parton Model we expect:
AY =1

e Taking into account relativistic effects we expect:
AY ~ 0.6

e The EMC first measured quark contribution:
AY =0.12+0.17 [1]

e COMPASS NLO QCD fit to the world data:

AY = 0.30 + 0.01(stat.) & 0.02(evol.) [2] [1] Nucl. Phys. B 328 (1989) 1
[2] PLB 647 (2007) 8-17

e Direct measurements can answer what is the
contribution of gluons and orbital momentum ...

v
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e Open Charm

Search for D° meson in the final state
Almost no charm quarks in the nucleon

e Charm is produced only via PGF (LO)
Perturbative region ensured by charm mass
Weakly depends on MC simulations

Low statistics

PGF

Photon Gluon
Fusion
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e Open Charm

Search for D° meson in the final state
Almost no charm quarks in the nucleon
Charm is produced only via PGF (LO)
Perturbative region ensured by charm mass
Weakly depends on MC simulations

Low statistics

e High pr hadron pairs (Q° > 1(GeV/c)?)

e Search for two hadrons with high transverse
momenta in the final state

Large statistics

Perturbative region - Q% > 1(GeV/c)?
Background processes

MC simulations essential

e High pr hadron pairs (Q° < 1(GeV/c)?)

® 2002-2003 result published [PLB 633 (2006) 25-32]
® 2002-2004 presented on several conferences



Introduction
000

Open Charm
©0000

High pr pairs
00000000

Summary
000

o Open @harm




Introduction Open Charm High pT pairs Summary
000 00000 00000000 000

AG S
Aexp = C PthaLLfS B+ABG

P NTY gt
o = NTT L NTT

T larisat; ar; - partonic cross-section asymmetry -
t - larget polarisation parametrised using Neural Networks

Py - Beam polarisation based on Aroma MC. (correlation
f - Dilution factor ~80%)

S - signal events

= both obtained form fits to D mass spectra
B - background events
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Statistical weights

To increase the statistical gain a weighted
estimator is used. Each event is applied a
weight:

D — Kr

o D* — Drgopp — KmTgop

[ ] BR(D—>K7F) ~3.8% W:P fa -
Ry ]
e RICH PID The S+LB is parametrised as a function of
o K, 7 identification kinematic variables and RICH response:

e e rejection . .
! e available on event-by-event basis

e built from Data (fits to D spectra)



Introduction Open Charm High pT pairs Summary
000 00000 00000000 000

10° COMPASS 2002 - 2006 D°-untagged Mass Spectrum COMPASS 2002 - 2006 D°-tagged Mass Spectrum
= 2000 Preliminary | = Preliminary
z b 2002-2006 2 800~ 2002-2006
; 37400 D° : 8700 D*
col 600/~
Ty 400}
20— zoo}
Covonllonanllonnnlonnallonnalonanllnnonllonns Connnllonnnllonanlonnnflonnnllannnllonnnllonns
92 03 02 01 0 0l 02 03 04 %2 03 02 01 0 01 02 03 04

M(KT)-M(D°) (GeV) M(KT)-M(D°) (GeV)
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= —0.49 + 0.27(stat.) = 0.11(sys.)

xg = 011704 @ p? ~ 13(GeV/c)?

Systematic uncertainties

False
Source S/(S+B) arL f Py P:
asymmetry

5(AG/G) 0.05 (0.05) | 0.07 (0.01) | 0.05 (0.03) | 0.02 | 0.02 | 0.02
D°(D*)
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PGF
AG
AH ~ @ afLGFRPGF
+ALP (xococ)af P Rocoe + AP (xgj)aff Rip
LP

where:

A\l = Aexp/ PePyf

R, - fraction of process “n” (MC)
aj, - partonic asymmetries (QCD)
ALP — %e’z - taken from A; measurement

i€ i QCDC
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Taking into account contributions of the three processes to A;
we obtain expression for AG/G:

AG avgy AH +Acorr_
G (XG )_ ﬁ 1

Aoy = _AI(XBj)’Y + AI(XQCDC)(S

PGF
B~ a Rper+

® «a,(3,v,0 - depend on
“Inclusive” and “High pr"” Rs
and ap.s

® Rs, ai;s, xQepe and xg are
parametrised using MC
simulation
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Taking into account contributions of the three processes to A;
we obtain expression for AG/G:

AG avgy AH +Acorr_

Aoy = _AI(XBj)'Y + AI(XQCDC)6

® «,f3,7,0 - depend on Weighted method

“Inclusive” and “High pt" R ight i
a:j :Slvse . e P T ® For each event a weight is constructed based
LL on: £, D, Py, B, @, 7, 6

® Parametrisation: Neural Network

PGF
B~ a Rper+

® Rs, ai;s, xQepe and xg are
parametrised using MC
simulation e Obtained event-by-event

® |Input variables for Neural Network:

e Inclusive case: xg; and Q2
. 2
e High pr case: xgj, Q°, pL1,2 and pri1,2
v
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o Q2> 1(GeV/c)

events are in perturbative region

® pr1 > 0.7GeV/c; pra > 0.7GeV/c

enhance fraction of PGF events

Collected statistics

2002-2004: ~ 500k events
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8 COMPASS 2002-2004
2 r Highp_, Q"> 1 (Gevic)®
hot E
o Q*>1(GeV/c)? 10°}
events are in perturbative region 2
e pr1 > 0.7GeV/c; pra > 0.7GeV/c 102F

enhance fraction of PGF events

Collected statistics 10?
2002-2004: ~ 500k events 1_

Bl by by a by by

1 2 3 4

bbby

5
P, [GeVic]
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e LEPTO with JETSET fragmentation ~ ® Parton Shower - part of NLO corrections

e PDFs: MRST2004 LO ® Tuning of JETSET fragmentation
! — Data
S cowPAsszoos | D@ CoWPASSZ004 | D@ 8 [ COMPASS2004 _ |w-nccmsms
£ | Highp, Q51 (GeVicy [~MC High-p, Q*1 (GeVic)’ Em% High-p, Q*>1 (GeV/c) |+ ucosan
w [ S F
10° il
f 10°F]
3L [
10§ 10°
10°F 10?
105 10
65 1 15 2 25 3 !
[¢] [} 8]
2 g 2 g 2
s s s
8 1s- 8 s I 8 15
r il 4
AR ol
05 051 A 05
Y B ) I 0

p, [Gevic] p,,Gevic] 2(p?) [(GeVicy]
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NN with two output variables 01 and o5 is used - Rs sum up to 1.

S | COMPASS 2002-2004 O | COMPASS 2002-2004
% i Inclusive Q*>1 (GeV/c)? % i High-p_, Q*>1 (GeV/c)®
0.8 0.8
0.6} 0.6}
0.4 0.4f
[ Q [
0.2 0.2
L/ PGF QCDC L/ PGF -
olee b b b b by b g By T R N N I N
00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 O.SNONQ 1 00 0.1 0.2 0.3 04 05 06 0.7 0.8 09 1
1 1

1. 1. 2
Rper =1 —o01 — 52021 Rocoe = o1 — 502 Rip = 502
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false asymmetries
NN stability

Systematic errors due to MC

5. 6P, 3P1

A‘lf parametrisation e 4 different MCs have been used

e formula assumptions e COMPASS tuning PS on
e COMPASS tuning PS off
(AG/G)un 0.006 e Default tuning PS on
5(AG/G)mc 0.040 e Default tuning PS off
5(AG/G)f.pg.py | 0.006 e For each sample AG/G was
5(AG/G)fasse 0.011 calculated )

(AG/G)m 0.008
6(AG/G)formula 0.013
| Total [ 0.045 |
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AG
== 0.08 4 0.10(stat.) 4 0.05(syst.)

xg = 0.08273930 @ p? ~ 3(GeV/c)?
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AG
== 0.08 4 0.10(stat.) 4 0.05(syst.)

xg = 0.08273930 @ p? ~ 3(GeV/c)?

Q? < 1(GeV/c)? results

2002-2003 [PLB 633 (2006) 25-32):
£E = 0.024 + 0.089(stat.) & 0.057(syst.)

2002-2004 (preliminary):
£C =0.016 £ 0.058(stat.) £ 0.054(syst.)
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COMPASS, open charm, prel., 02-06
COMPASS, high p,, Q%<1 (GeV/c)?, prel., 02-04
COMPASS, high p,, Q*>1 (GeV/c)?, prel., 02-04
HERMES, high p., all Q?

HERMES, single high [ hadrons, all Q2 prel.
SMC, high P Q?>1 (GeVic)?

e GRSV AG =25
e GRSV AG =06
e GRSV AG =0.2

H <> 40

GRSV at j2=3 (GeV/c)?, fst. moment = 0.2,0.6,2.5
—————————— fit with AG>0, p?=3(GeV/c)*
- fit with AG<0, p?=3(GeV/c)*




Introduction Open Charm High pT pairs Summary
000 00000 00000000 oceo

* COMPASS, open charm, prel., 02-06
[ COMPASS, high p,, Q%<1 (GeV/c)?, prel., 02-04
v COMPASS, high p,, Q*>1 (GeV/c)?, prel., 02-04
o)) 1 A HERMES, high p_, all Q L] GRSV AG = 25
~ v HERMES, single high p_hadrons, all Q?, prel. Lo
. 2 2
Dr0g W swcna e o GRSV AG = 0.6

GRSV at p2=3 (GeV/c)?, fst. moment = 0.2,0.6,2.5
< 0.6] fit with AG>0, p?=3(GeV/c)*

fit with AG<0, p?=3(GeV/c)*

e GRSV AG =0.2

Results from RHIC
experiments are
compatible with GRSV
AG = 0 scenario

(comparison of predictions

-0.41

0 Gi % with precise measurements of

0.85 l asymmetries as a function of
_1k‘ | L1 1 11 ‘ | | pT)
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e Summary

e Recent results of AG/G from COMPASS were presented

e Errors of the measurements were significantly reduced due to
usage of additional data and new methods of analysis

e Present measurements indicate that AG/G is consistent with
zero at xg ~ 0.1

e QOutlook Open Charm

e Add 2007 data
e Improvements to tagging method
e NLO analysis

e Outlook High pt pairs

Add 2006 and 2007 data (both @ > 1 and < 1(GeV/c)?)
Explore 0.4 < pr < 0.7 GeV/c region (for Q% > 1(GeV/c)?)
1-hadron analysis

NLO analysis



Backup Slides



k/

2:_2:_k_kl2
Q q ( ) k.S,

q
_P-g"™ E-F v
Y=P kT E " E xP

Q2 lab Q2 P’SN

XTop.g T 2Mv A\




N TU’ — N Tﬂ Upilen]elam ancrés]llnenm

Acp = —— B [ | [e=
P NT“ + NTTT u—beam H ‘ | ‘
Experimental asymmetry is related to target spin \I
cross-section asymmetry Aj: every 8h ;,-“
elf—
Acxp = PTPafA| — [= ] [= ]

Pt - Target polarisation; Pg - Beam polarisation; f - Dilution factor



AG
AH %Taf[_GFRPGF

PGF
+At" (xacoc)af ” Racoe + At” (xgj)ait Rep
where:
A = Acxp/ PePof
R, - fraction of process “n” (MC) Lp
aj; - partonic asymmetries (QCD)

LP _ i e,
A

l,'

- taken from A; measurement

QCDC



AG pgr
Al =g 2 Reor PGF

+ALP (xococ)af P Rococ + ALY (xgj)afl Rip

where:
A = Acxp/ PePof
» - fraction of process “n” (MC)

. . LP
n
aj; - partonic asymmetries (QCD)
LP _ XiefAgi
Al Z':— - taken from A; measurement
Also to A; all 3 processes contribute:
incl AG l’lC inci
Al 1 ~ I | inl_
+A1P(XQCDC)30CDC mcIR,é.cI e +A1 (XBl)aLP "lclR"lc, QCDC

where:
Aﬁ":’ =~ DA; - inclusive asymmetry

D(y) = a-Pn<l _ depolarisation factor
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Solving this set of two equations
we obtain expression for AG/G:

AG A + A ; Rim:l
szg) | corr B _ aLPEFRPGF_afEF,IncI PGI;_ (RLP + 31_1_ RQCDC)
G s Ri's
’
Acorr = _Al (XB_[k) A1 (XQCDC)al ar A1 (XQCDC)a2

Rmcl

QCDC incl pincl  RLP
Racoc
Rmcl

1
_ QCDC
a1 = il (a“_ R@cpc — a;
LP

J@coc, inel Ri3&pc Rocpc LQcnc

@2 = AL

Rmcl Rmcl
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Solving this set of two equations
we obtain expression for AG/G:

incl
AG avgy __ AH + Acorr . _ PGFR PGF ,incl RPGF R R
—(x¢®)= ——F5—; B=aw Recr—ay in Lp + a,_,_ QcDC
G 8 R}
’
yA— —A1(XBJk) Rmd — A1(xqcpc)oa + Ar(xgepe) o2
o — L (aQcpcp _ acoc, incl pinel | Rip
8= Rincl LL Qcbc QcCD Rmcl
LP
2QCDC incl RE&pc Racpe LQcnc
x2 = 1] 7 °LL
R"IC Rl’lc
® al,, R, - depend on partonic kinematics (not accessible in experiment)
® al,, Rn, xc, xg are parametrised using MC simulation
® |n order to maximise the statistical efficiency a weighted estimator is used
® For each event a statistical weight is constructed
® \Weights are constructed from: f, D, Pg, 3, a1, az
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| D* event selection

01<y<09

Zpo > 0.2

|cos (0*)| < 0.9

3.2MeV < m(K7meore) — m(D°) — m(7) < 8.9MeV

m, K, e identification based on RICH

p<50 GeV/c

No other D* in the same event

DO event selection

01<y<09

Zpo > 0.2
|cos (6*)| < 0.65
7, K, e identification based on RICH
>7 GeV/c for pions and for both <50 GeV/c

No other D* or D? in the same event

High pr

Q% > 1 GeV?

pr > 0.7 GeV (for both
hadrons)

01<y<09
xg,z > 0.0

m(hl, h2) > 1.5 GeV:
remove p resonance

Yz < 0.95: remove exclusive
events
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D°-tagged events with £ < 0.55
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COMPASS 2002 - 2006 AG/G |
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W — AD,norm0.45%

for our sample

- v-g fusion x=0.11
001}, - Intr.cham07% | N
v=53 v=168
Y& I A I i Iy
0 0.5 0 - 0.5 0 05

X X
Ref. hep-ph/05/08126 and hep-ph/9508403
Data from EMC:Nucl.Phys.B213, 31(1983)

For our data’;"’ average v (70- fZQGeV),

3 -
= - D*
3 Xg B

E if intr. charm .
0 10* 10° 10? 10"




LL

e analyzing power depends on the full parton kinematics

e in the experiment there is only indirect access to ¢ via D°
kinematic

e using Neural Network and MC generated sample of D°&D*
parametrization of aLL /D is made

e correlation between a;; gen and ayy rec is about 0.80
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Avarage values of a;;s and Rs | Final MC |

(af}) 0.63
e 0.50

{aPF) 2036

Rip 0.40
RQCDC 0.29
RpgF 0.31

JETSET parameters | Default | COMPASS |

PARJ(41) 0.3 0.6
PARJ(42) 0.58 0.1
PARJ(21) 0.36 0.3
PARJ(23) 0.01 0.02
PARJ(24) 2.0 3.5




Fragmentation Tuning

o
T,

<4

PARL(42)

I
~N

(ARRNRRRRRRARE

=4
»

F

n
3

o

B default

SMC

® COMPASS prel.

o
P

e
w

T[T T

LUND fragmentation

f(z) = z(1 — z)%e~bm7/=

mi = m + p}

with variable parameters a
(PARJ(41)) and b (PARJ(42))

o
N

°

OrTITITTT

Paramelrization of non gaussian tails

on = 0.0

~
-
—
—E
S—

1Y)

o

e X20

String between two outgoing quarks
qq pairs created with transverse
momentum kr

width of the gaussian ki,

PARJ(21) = 0.36

non gaussian tails modelled by second
broader gaussian

e width = PARJ(24) x PARJ(21)
e fraction PARJ(23) = 0.01 of
first gaussian



Fractions of the three processes as a function of Zp%-

e Empty points - directly taken from MC

e Full points - estimated using NN

prob MC-NN

= pZ [(Gevicy]

= p [(Gevicy]
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