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Muon programme
Beam:
e Momentum: 160 GeV/c
e Polarisation p™: -80%
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e Polarised both longitudinally
and transversely

e Material: °LiD, (NH3)
e Polarisation: ~50%, (90%)

e Two (three) target cells

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

Taking into account relativistic effects:
AY ~ 0.6

The EMC first measured quark contribution:
AY =0.12 £ 0.17 [1]
COMPASS NLO QCD fit to the world data:
AY = 0.30 + 0.01(stat.) £ 0.02(evol.) [2]

© @2 =3 GeV?
Direct measurements can answer what is the
contribution of gluons and orbital momentum

[1] Nucl. Phys. B 328
(1989) 1
[2] PLB 647 (2007) 8-17
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e One cell polarized parallel and %121;:04
one cell polarized antiparallel to @ 16-
the beam. jpd
e Both cells exposed to same 0;:
beam flux. 0
e Spectrometer acceptance is not oz )

the same for both cells. S



Introduction Asymmetry Open _Charm
[e]e} 0000 000000000

Upstream Downstream
cell cell

~if—
—»[\ — Ny [ — ND|J

p—beam

target spin

reversal
every 8h
~tf—
— [\ Ny [ - N

High pT pairs
000000000

Summary




Introduction
oo

Asymmetry
00e0

e polarization

Open _Charm
000000000

High pT pairs
000000000

Summary

Y
A 1/2 Np = Ny
exp — N/ 4 N/ ) .
D U/ Experimental asymmetry is related to
cross-section asymmetry:
Upstream Downstream Aexp = PTPBfA|,
cell cell
~f— Where:
—>[\—> Ny| [ t— ND|J o
{-beam ® P - Target polarization
target spin ® Pp - Beam polarization
gsggsgllj ® f - dilution factor
i
 —— [\ < Ny [ - N
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\lo charm in the nucleon in COMPASS
kinematics

e Charm is produced only via PGF (LO)

c e Perturbative region ensured by charm mass
o Weakly depends on MC simulations
e Low statistics

C

PGF

Photon Gluon
Fusion
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No charm in the nucleon in COMPASS
kinematics

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
P G F Large statistics
Perturbative region - Q> > 1(GeV/c)?

[ ]
[ ]
e Background processes
PhOIEOH_ Gluon e MC simulations essential
usion

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

® 2002-2003 result published [PLB 633 (2006) 25-32]
® 2002-2004 presented on several conferences = 2
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Summary

S
Aexp — PthaLLf

S+ B

luon distribution functions in nucleon

ar; - partonic cross-section asymmetry - taken from Aroma MC
S - signal events

(reconstructed D°)

B - background events

G
AG -

polarised
G — unpolarised

+ A

= both obtained from fits to D mass spectra
Note: Agg =

mAexp is determined simultaneously
and is found to be compatible with zero

[m]

=

u
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Channels

e D Krr
e D* — Doﬂ'soft — KT Tsoft
BR(D — Km) ~3.8%

30% of D° tagged with D*

Selection to reduce combinatorial
background

@, (mrad)

e Kinematical cuts: zp, D° decay
angle, K and m momentum

e RICH identification:
K, 7 ID +
e rejection from the g5 sample

p (GeV/c)
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D"untagged events with X < 0.055 D%untagged events with 0.055 < % < 0.085

Buano
£

COMPASS | COMPASS

Statistical weights

To increase the statistical gain a

weighted estimator is used. Each event L o et
IS a55|gned a WEIght: D-untagged events with 0085 <2 <012 Duntagged events with 0.12 <X < 0.2
HS COMPASS

S
w = beaLLS—|——B

The 54%8 is parametrised as a function of L
kinematic variables and RICH response: ' e

D untagged events with 0.2 <%
oot

sevents

e available on event-by-event basis comPASS

e built from Data (fits to D spectra
in bins of input variables)

B N S ¥ S TR )
MMy (o)

[m] =5 =
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a0 COMPASS 2002 - 2006 D*-untagged Mass Spectrum COMPASS 2002 - 2006 D"-tagged Mass Spectrum

N/5 MeVic?
B
8
N /5 Mey/c?
S
8
8

2002-2006 2002-2006

L 800—
80— =
i 37400 DY 3 8700 D*
60— L
20— 400—
20 200
Lo b b b v b i L L I I I A E I I IR B
%2 03 02 01 0 01 02 03 4 B2 03 02 01 A 01 02 03 4
M(KT)-M(D°) (GeV) M(Kn)-M(D°) (GeV)
COMPASS 2002 - 2006 D’-untagged Weighted Mass Spectrum COMPASS 2002 - 2006 D’-tagged Weighted Mass Spectrum
2 £ 700
§ §
3 3
6000 g 6
z z
2, =
3 3
s s

| Y weighted histograms | Raw histograms |

01 02 03 04
M(K1)-M(D°) (GeV)

02 03 04
M(KT)-M(D°) (GeV)
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e aj; is obtained from MC (in LO), to serve as an input to
Neural Network parametrisation as a function of measured
observables: y. x, Q°, zp, pr

a,, (generated)

S o o 9o
N RN o o .

... Correlation 827%
1 -08 06 04 -02 0 02 04 06 08 1
a,, (reconstructed)

[m] =5 =
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- D% — Krn©
e RICH sub-threshold Kaons events:

e Candidates with p < 9 GeV/c (no RICH ID for Kaon mass)
e Recover D if there is no positive pion or electron ID (for the
Kaon candidate)

e Signal strength parameterization (¥ = Si)

Problem:

Solution:

+B
Low purity samples with low statistics = Very
difficult to build X in several bins of several
variables
Multi-dimentional parameterization using a
Neural Network (all kinematic and RICH
dependences are taken into account at same

time)
[m] [ = =

u
N
yel
?
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elected kinematic variables):

podel — gec = Ktnm, + K- ntnl,

m: signal + bg.)
e Background model — wee = K¥ntm_, + K™ nml,
(no D° is allowed)
e If the background model is good enough: Net is able to distinguish
the signal from the combinatorial background on a event by event

basis (inside gcc)

COMPASS 2006 D° (D* tagged)

¥ is built in the simmilar way as for
main channels

Preliminary

N/5 (MeV/c?)

e Instead of set of kinematic
variables only 1 variable is used:
Neural Network output

400 600
My - My (Mevic?) o & =
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Final result
(including the main channels: D° and D° tagged with a D*)

AG/G = —0.39 + 0.24(stat) £+ 0.11(sys)
Q@ < x; >=0.11, < pi? >= 13 GeV?

10% statistical improvement with regards to published result:

AG
< = —0.49 £ 0.27(stat.) = 0.11(sys.)

[PLB 676 (2009) 31-38]

u]
o)
I
i
iht
n




Introduction Asymmetry Open_Charm High pT pairs Summary
oo 0000 000000000 ©00000000

e High pt pairs

DA




Introduction
oo

Asymmetry

0000

Ay

+ + &

+ + 2

Open _Charm
000000000

AG PGF ,inc pinc

LéCDC PGF
LP in¢ pinc
A RQCDC

LP LP ,inC pinc
A LP

High pT pairs
080000000

where:

A = Aexp/ Pt Ppf
A1 - inclusive asymmetry
Ry - fraction of process “n” (MC)

n
ay -
Yiefhg _

> E,2 gi

LP
Al

partonic asymmetries (QCD)

Summary
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ain the

expression for AG/G:

PGF
B~ ar’ Regr + ...

e AG/G extraction depends on knowledge of ® R fractions, ar., xecpc and
Inclusive” and “High p7" samples: G are Parametrlsed using MC
simulation

R, R and arr, af
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expression for AG/G:

A|| = Acorr
. PGF
:T, ﬂNaLL RPGF+...
e AG/G extraction depends on knowledge of ® R fractions, aLL, XQcDC and
“Inclusive” and “High pr" samples: G are Parametrlsed using MC
; simulation

R, R and arr, af

To improve statistical sensitivity a weighted method is used

® For each event a weight is constructed based on: f, D, P,
Reer, Racoc, Rup, Rpcr, Rococ, RiF
PGF QCDC _LP _PGF,inc QCDC,inc _LP,inc
arL s a0 AL g i > dLL

® Parametrisation: Neural Network
e Obtained event-by-event
e Input (Inclusive case): xg; and Q>
e Input (High pr case): xgj, @, pr1,2 and pr12
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Kinematic cuts
o Q2> 1(GeV/c)?

events are in perturbative region

® pr1 > 0.7GeV/c; pro > 0.7GeV/c

enhance fraction of PGF events

Collected statistics

2002-2004: ~ 500k events

o F = = El= Da¢
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Kinematic cuts
o Q2> 1(GeV/c)?

events are in perturbative region

® pr1 > 0.7GeV/c; pro > 0.7GeV/c

enhance fraction of PGF events

Collected statistics

2002-2004: ~ 500k events

Hadron identification based on
hadronic calorimeters and u rejection
in muon filters

High pT pairs Summary
000®00000

10¢

COMPASS 2002-2004
Highp, , Q*> 1 (GeV/o)*

ubhby.

4 5
P, [GeV/c]
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Tuning of JETSET fragmentation

1 | — Data
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o & COMPASS 2002-2004 o L COMPASS 2002-2004
Z T Inclusive Q%1 (GeVic)? 2 7 High-p_, Q*>1 (GeV/c)’
08/ 08
0.6} 0.6}
0.4} 0.4}
0.2} 0.2}
L/ PGF QCDC L
c b b b b b b b g By
00 0.10203040506070809 1 0.10203040506070809 1
X NN O,

Repcr + Recpc + Rip =1

1 . 1 . 2
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iht
n
N
0
i

[m] [ = =



Introduction Asymmetry Open_Charm High pT pairs Summary
00 000000000 000000080

¢ 5’;’ oPg, 0PT MC systematics

e A{ parametrisation o 4 different MC have been used

e assumptions in formula COMPASS tuning PS on
extraction

COMPASS tuning PS off
Default tuning PS on
Default tuning PS off

]

]

5(AG/G)ww | 0.006 :
6(AG/G)mc | 0.040
5(AG/G)r.papy | 0.006
5(AG/G)pise | 0.011
3(AG/G)a | 0.008
(S(AG/G)farmula 0.013
| Total | 0.045 |

e For each sample AG/G was
calculated
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— 08 + 0.10(stat.) + 0.05(syst.)
xg =0.08275031 @ 4? ~3(GeV/c)?
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=10.08 £ 0.10(stat.) £ 0.05(syst.)

xg = 0.08270UL @ 1% ~ 3(GeV/c)?

Q? < 1(GeV/c)? results

2002-2003 [PLB 633 (2006) 25-32]:
88 =0.024
+0.089(stat.) £+ 0.057(syst.)

e Additional background
processes (e.g. resolved
photon)

2002-2004 (preliminary): e Different MC — PYTHIA

e =0.016
. .

e Hard scale ensured by pr
+ 0.058(stat.) & 0.054(syst.)

(Zp% > 2.5(GeV/c)?)
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COMPASS, open charm, prel., 02-06
v COMPASS, high p _, Q*>1 (GeVc)’, prel., 02-04 AG=
[ ) COMPASS, high P Q%<1 (GeVIc)?, prel., 02-04f =
> 0.8 A HERMES, high p _, all Q? 22>
q v HERMES, single high p . hadrons, all Q 2, prel.
0.6 1 SMC, high p _, Q1 (GeV/c)?
0.4

4444444 4 1 S

Ly v
L - p————

R
IIII‘TIII'\I}III
.

-0.
GRSV at u?=3 GeV?
-04 - ' fitwith AG>0, p?=3(GeV/c)?
wefit with  AG<0, u?=3(GeV/c)?
_ [ — [ [ [ [ 1 L L
1072 107" X

o F = = El= Da¢
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COMPASS, open charm, prel., 02-06
v COMPASS, high P Q%1 (GeVic)?, prel., 02-04] AG=
[ ) COMPASS, high P Q%<1 (GeVIc)?, prel., 02-04f =
> 0.8 A HERMES, high p _, all Q? o
q ' v HERMES, single high p . hadrons, all Q 2, prel. .."
0.6 1 SMC, high p _, Q1 (GeV/c)? 1 r
0.4f -
0.2
= Q.2
0

bt g 1 i
s

s &
‘\H-TH\'\‘}H\
—

GRSV at u?=3 GeV?

e fitwith AG>0, p?=3(GeVic)?

mefit with_AG<O, u?=3(GeVic)?
1 L Il Il

1 L L
107 107 Xg
Results from RHIC experiments are compatible with small AG/G

in the region covered by fixed target experiments
[m] =5 =
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results of A from COMPASS were presented
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
o Full neural networks analysis
e NLO analysis (ongoing)

e Outlook High pt pairs

Add 2006 and 2007 data (Q? > 1(GeV/c)?) (ongoing)

Explore 0.4 < pr < 0.7 GeV /c region (@ > 1(GeV/c)?)
1-hadron analysis

Add remaining data for Q% < 1(GeV/c)?

[m] =5 =

u
N)
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|cos (6*)] < 0.9

3.2MeV < m(K7Tsore) — m(D®) — m(7) < 8.9MeV

7, K, e identification based on RICH

p<50 GeV/c

No other D* in the same event

DY 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 DO in the same event

High pr

Q% > 1 GeV?

pr > 0.7 GeV (for both
hadrons)

01<y<0.9
xg,z > 0.0

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

Yz < 0.95: remove exclusive
events
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Fe

001},

- v-g fusion

v=53

\
I

— AgD,norm 0.45%

-- Intr.charm 0.7% | 4

for our sample
x,~0.11

v=168

0o 05

0 E 0.5

(U

b
0.5

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

For our datav,:"’ average v (70- f20GeV), \ \

3
)




e RICH sub-threshold Kaons
AG/G .63 AG/G=0.57 £1.02
Agc = 0.02 j: 0.03 Agc = —0.04 +0.05

Final result

(including the main channels: D° and D° tagged with a D*)

AG/G = —0.39 £ 0.24(stat) 4+ 0.11(sys)
@ < x; >=0.11, < pi® >=13GeV?

10% statistical improvement with regards to published result:

A
TG = —0.49 + 0.27(stat.) = 0.11(sys.)

[PLB 676 (2009) 31-38]



ion for AG/G:

incl
Al + Acorr 3 = aPSF Rpgp —aPCFine! Rpér
ﬁ , — dLL PGF LL R'-nd

LP

avg) —

G (

’
Acorr = _AI(XB/k) Al (XQCDC)al + A]-(XQCDC)CE2

Rmcl

1 R
— Q _ QCDC incl pincl LP
a1 = R;'_";' (a“_ RQcpc — 3] Racbc Rmc’)

,QCDC jincl Rizdbe Recoc ,Qcnc
a2 =apy —_

Rmcl Rmcl L
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ssion for AG/G:

incl
( avg) o AH + A‘-‘“" . 5 _ aPGFR _aPGF,incl RI’”’(‘;:F
— ﬂ , — dLL PGF LL R'"CI

(RLP +apc RQCDC)

’
Acorr = _AI(XB/I() Al (XQCDC)al + A]-(XQCDC)CE2

Rmcl

QCDC incl pincl  RLp
Racoc
Rmcl

1
_ QCDC
a1 = Rinel (a“_ R@cpc — a;
LP

J@coc, inel R&pc Rocpc ,Qcnc
Rmcl Rmcl L

oy =
aj;, Rn - depend on partonic kinematics (not accessible in experiment)
a],, Rn, xc, xg are parametrised using MC simulation
In 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

=) = =) == 9ac



0.63

A 0.50

(aFsF 10.36

Rip 0.40

RQCDC 0.29
Rpgr 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 35
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Fragmentation Tuning

go'i B defaul LUND fragmentation
u_0.7§— A SMC f(Z) _ Z(l _ Z)ae—bm?r/z
Z.:g : T ® COMPASS prel. mgr _ m2 + pgr
3 o . e with variable parameters a
sk s * (PARJ(41)) and b (PARJ(42))
0.25 @ ¥
T P T ® String between two outgoing quarks
0 02 04 06 08 1 12 . i
PARL@41) ® g pairs created with transverse
Parameirization of non gaussian tails momentu m kT
width of kx.ky distrib. u=?‘36 ) i
Lh e width of the gaussian ki,
o second o aussian (dot /\ ] PARJ(21) = 0.36
ME;’,;;?””‘ ] \ qaction=nez ® non gaussian tails modelled by second
T I \ broader gaussian
i | o width = PARJ(24) x PARJ(21)
oz e fraction PARJ(23) = 0.01 of
oF //L/‘;ﬁ\ x20 first gaussian
d = 9ac

R R ? EI- o p -~ -



QCDC _|°Mc 05F © Mc
o NN 2 PGE__ [, \w
8 compass 2002 2004 Qouast COMPASS 2002-2004 S0.45F COMPASS 2002-2004
s Highp, Q1 (Gevicy’ 2 o4 High-p, Q™1 (GeVic)® ok High-p_ Q"1 (Gevig)’
‘% s 8 ’ ot
A \l\\V\P 0.35F Y ] Q ® 0.35F o
L)
0 ?,\f ) &
s & 03f N 03F ¢ N
°s ¢ e ozst | \“\ 0.25F s ‘?/\’\Vk
88 o s o g . .9 ?QL
g 0 s 0.2H et Lol L
11572 25 3 35 4 45 5 T 115 2 25 335 4 45 5
b3 pi [(GeVIcy] b pi [(GeVicyY] b2 p: [(GeVicy]
§0.06——' LO i éo.u cDC | §U.U PGE
$0.04k COMPASS 2002-2004 50.04F COMPASS 2002-2004 $0.04F COMPASS 2002-2004
= High-p, Q%1 (GeVic)* = High-p_ Q*>1 (Gevic)” = High-p_ Q*>1 (Gev/c)”
So.02f So.02f So.02f *+ + +
E 5 5
0 * + %*;ﬂ *‘?* %% % + 1 1 T
[W;" TR SEE &
0.02f *t\\\* -0.02f N\ -0.02f S\ a
@@ e @
-0.04f < -0.04f < -0.04f Q
R O TR R T W N T R TR R TR A R N T - TR R Y

= pZ [(GeVicy]

= p [(Gevicy]

=] 5

= p [(Gevicy]




Data / MC

l_‘Entn'gs

10°

10?

COMPASS 2004
High-p_, Q%1 (GeVicy |*~MC

P, [GeVic]

Data/MC

COMPASS 2004
High-p_, Q*>1 (GeV/cy’




Data/MC

3]

—Data

COMPASS 2004

High-p_, Q%1 (GeVic)* |*~MC

P, [GeVic]

Data/MC

—Data

8 [ COMPASS 2004
5.105 £ High-p , Q°>1 (Gev/c) |*~MC
w F ey,
104? Dhnafy
10°F
10°F
10?
i \ \ \ ]
és 1 15 2 25
oL
1.5 | .
1~ mgeewes _-!"-l. " “ll-l_
e AT
0.5~ T T
\ \ | T
0
N 3 P, [GeVic]

DA



	Appendix

