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Introduction

Basic tool: the measurement of

iInclusive and semiinclusive asymmetry

Inclusive asymmetry:

O —Om Z e; Aq(x.Q) _ 2(x.Q)
Gpp + 0 quq q(x,Q%) E(Xst)

L, (x,Q) =

. TT Z e; Aq(x,Q")D,(z.Q")
o'lT1 | +0h qu; q(x,Q")D,(z.Q")

Semi-inclusive asymmetry:

Compass g1 results: deuteron/proton 160 GeV  Phys. Lett. B 647 (2007) 8, 330 (low Q2)
Phys. Lett. B 690 (2010) 466
proton 200 GeV M. Wilfert DIS 2014

inclusive and semi-inclusive asymmetry measured on proton and neutron

or deuteron allows to full flavour separation Phys. Lett. B 660 (2008) 458
Phys. Lett. B 680 (2009) 217

Phys. Lett. B 693 (2010) 227
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Introduction

Basic tool: the measurement of

iInclusive and semiinclusive asymmetry

Inclusive asymmetry:

2,5 0Q) g xQ)
Gy + 0 qué q(x,QQ) E(Xst)

N '\d>:>. . . .
: ( quark contribution to the proton spin: ~ 1/3
COMPASS :from first moment of g1

D (2.Q)
D}z Q)

Semi-inclusive asymmetry:
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Gluon polarisation measurement@COMPASS

Direct gluon polarisation measurement

via tagging PGF process

Non direct measurement of gluon polarisation - QCD fits

To select PGF process two methods are used @COMPASS:
4 _ N
e Open-charm D meson production:

charm quark pairs produced in PGF, “clean” channel
however with huge combinatorial background, low
statistics but analysis less MC dependent

J\C

. 000 00000000 00000 0O000000000e »

o
-
e High transverse momentum hadron pairs production:
light quark pairs produced, high statistics but physical
background; strongly model and MC dependent analysis

requires a very good agreement between data and MC/

o™ =G®F" ®H

A" =AGR®AG™" ®H / from MC
/ Az%(fG)<&ffF e

signal asymmetry from data
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High traansverse momentum hadron pairs for large and low Q2

Low Q2 & large Q2 : Q2< 1 & Q2 >1 (GeV/c)? %{{ (2

R.D.Carlitz, J.C.Collins and A.H.Mueller, Phys.Lett.B 214, 229 (1988)
Revisited by A.Bravar,D.von Harrach and A.Kotzinian, Phys.Lett.B 421, 349 (1998)
Applied by SMC, HERMES and COMPASS

Two kinematical regions: low and large Q?

* low Q? - here pris a perturbative scale, also resolved photon contribution
important (~50%)

elarge Q? - scale Q?, method based on Neural Network approach used

R kX

COMPASS@Low Q2- Phys. Lett. B 633 (2006) 25
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High traansverse momentum hadron pairs for large Q2

Large Q2 : Q2> 1 (GeV/c)?

Physical model: three processes (LO QCD)

000 00000000 00000 00000000OCeee »

-

PGF QCD-Compton LO-DIS

AG D> eAg,

ALzzl (xBj) (XG)APGFRPGF + ALO (xC)aLL + AILO (xBj)DRL A1L0 = —

Same decomposition for inclusive sample to determine A1°

Optimization needed : “clean” (more PGF, “pure”) sample with limited statistics or
less PGF populated but larger sample
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High traansverse momentum hadron pairs for large Q2

Master formula for determination AG

Data selection

/ corr \
AG _ AEZ (xBj) +4
?(XG) B B R’s are fractions of the sub-processes
(LO,PGF, QCDC) in high-p; and inclusive
B = " R aPGF incl pyincl R aLL) samples, respectively;
LL PGF PGF mcl incl
R, R
R a,, are so-called analyzing powers
A" == A4 (x,)D RinLcl — A(x.)B, + 4,(x')B, D is a depolarization factor.
N\ L J
1 c c | pinet Ry C‘zRRindaC
— . a R inc Rmc =q ,inc C. C LL
By = e (iR - ) Bl s
4 )

Data selection:

e Interaction vertex with an incoming and an outgoing muons
* Q2> 1 (GeV/c)?2and 0.1<y<0.9 (inclusive sample)

e Events with at least 2 hadrons in the final state (2h sample)
*The hadrons which form the high-pr pair:

pt1> 0.7 GeV/c pt2> 0.4 GeV/c
z1+22<0.95

these cuts define high-pr sample; 2002-2006 data: ~7.3 M events
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Artificial Neural Network Approach

Artificial Neural Network approach

Event-by-event basis weighted method K'(}c :
A

The following factors must be known on the event by event basis:

a
.
[ 4
RpcrsRes Ry Rpgr , RE, R T AT A
PGFEF >stV\Cc o4\ s Ivpgr s LN 4LV fod Sod §od §
o ) L o
PGF _ PGF,ncl _C _ C,incl . ; + 4 8
Arr >9r -9 > . o
0.2’ 0.2] 0.2] o
COMPASS PRELIMINARY o COMPASS PRELIMINARY COMPASS PRELIMINARY [o)
xC , xG ’ f’ D’ Pb D.‘Z 0.‘4 ofs pI?(;Bb. Nl‘} 0 D.‘Z 0.‘4 056 m?(;ab- Nl‘] 0 0f2 0f4 ofs p?g;b. NI\} o
e LP so QCDC s PGF §
Z Z Z o
. . g g g 9
- £,0,P, can be directly obtained from data | £ jﬂ g
. . . 'g LI‘lléé LPPYY 'g %2 06 & 'g .- 1
« Remaining factors have to be obtained from MC = MW” e I = 9
* ANN trained on MC Samples, 1 COMPASS PRELIMINARY s COMPASS PRELIMINARY "1 COMPASS PRELIMINARY °
then used On real data o 920 "0e p:l(.}!b- Nl\} 01 920456 pl?cffb. Nl\} o 0207 "s p?é;b. Nl\}
* Input variables for ANN trainning: o — -
- inclusive case: x5 and Q2 é
. 0.5*% 0.4 o Q § 0.4
- - . 2 ° 608 $ +
high-p;: Xg;, Q%P 4 5,P712 TN, Qj‘% o ettt
. Weight used: fDP, B T Mg, | S T
°3 COMPASS PRELIMINARY o COMPASS PRELIMINARY o aCOMF'ASS PRELIMINARY
» Good data description with MC is a T T ST
,key point” of the analysis 1 Cass ] ]
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Data selection and MC comparison

MC vs Data (sample: 2004)

I e et
o tL .f Ftr 10
' o - \

h T jf
0 | | HH‘ | \l.\L\ThUH‘A ‘ | ‘ 0 (| '-.I'.‘\N- | ||

Two types of MC samples Full chain of MC simulation: :
have been used: LEPTO+JETSET + GEANT + Reconstruction e

e inclusive one e PDF - MSTW2008LO §

e high-pt * high-pt sample: §

- MC tuning to improve hadron production description: °

' . . . o

shapes (momenta) and multiplicity (fragmentation) S

o

o

g " compass 2008 -~ Data g O compasszoos Pt g M oipASs 2004 -~ Data 3
;g High-p , @*>1 (GeV/c¥? [*~MC '.E High-p, @*>1 (GeV/c)’ |=MC '§15_ High-p , @*>1 (GeV/c)* *MC 2
w w wo o
3

o

3

o
L
-
(3]
T
=
..
jl‘.
-

10° 102 10" p % 02 04 06 08 1 / 10 10°
(6} 4] 8}
Z 2 ‘ 2 2 2
S 8 8
8 15 8 15 i a8 15+ |
L T
= __..-—--.-—-'---"'-'..'_’é.:I+.I |’ 1 I *W B o vhnen, ot i. +.:| :
H " i
05 | s 0.5 0.5 ! :
o—1 [ [ \HIH' 0 | | | 0 Lo ! L1l
Xg; y Q*[(GeVic)]

Comparison: MC/data for high p; sample; x,y and Q?
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Data selection and MC comparison

MC vs Data (sample: 2006) %‘%{
. B

effect of tuning clearly visible

— data 2006 - — data 2006 — data 2006

o -@- LEPTO def. tune [ -@- LEPTO def. tune -@- LEPTO def. tune
L& ... S ey
é —l- New tune 10k e e -l New tune 10 3 -l New tune

102 SURNLLECERLTLILE
F 102 H L. e

10°

000 00000000 00000 00000000000 >

[| compass Highp, Wkl e
10° 0> 1 (GeVicy. F | COMPASS Highp_ COMPASS Highp,
5 0’ > 1(GeVic) il Q@ >1(GeViey
107 104 - F
P NI NS I e e e S e A :||||||||||||||||||||||ﬁ :I...I...I...I...I...I...I...I...
2 4 6 8 10 12 14 16 18 20 0.5 1 15 2 2.5 3 04 06 08 1 12 14 16 18 2 v
Hadron Multiplicity P, GeV/c P, GeV/c
O 2 O O 2
%1.8 %1.8 : Em _ .....................................
§1.6 §1.6 %1.6:_ .....................................
[ " o f
1.4: 1.4: 1.4:_ ...................... ++ . ..
12} 12 Y SR > N + :
: : f—Wﬁ- il
0.8; 0.8; o.sf— ............................ *+ Lo H
0.5;— ............................................ 0.6; 0.6:— _________________________________________
0.4;— ............................................ 0.4; 0.4:_ ___________________________________________
0.2;— ............................................. ol2;— ............................................. 0.2:_ ---------------------------------------------
0'.I...I...I...I...I...I...I...I...I... Lo oo by oy o by sy s by s by :.I...I...I...I...I...I...I...I...
2 4 6 8 10 12 14 16 18 20 8.5 1 1.5 2 25 3 00.4 0.6 0.8 1 12 14 1.6 1.8 2
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Results

Systematic studies & results

» Neural Network stability §

. MC S(AG/G) 0.010 :

_ 3(AG/G),,, 0.045 H

+ False Asymmetries 5(AG/G) 0.019 8
false .

. 3P, 0P, ,of 3(AG/G),pyp | 0.004 8

e o

o

. A_parametrisation é(AG/G)’“ 0.015 o

L 8(AG/G) s | 0.035 g

+ Simplification of the Formula Total 0.063 8

for AG/G Z

o

" AG ) °

= 0.125 +0.060 = 0.063

X, =009%0  (u)=3 (GeVl/c)
N Y,

T o |

AG/G |0.15+0.09+0.09 [0.08+0.10+0.08 [0.19+0.17 +£0.14

+0.05 +0.07 +0.10

0.07 0.10 0.17

9 -0.03 -0.04 -0.06
Phys. Lett. B 718 (2013) 922

These 3 points show no xc dependence (within errors)
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Results

[ Inner trigger, 1st hadron |

Results for low Q? : Q%< 1 (GeV/c)? Kgg‘f{@
o S

2200

T
20001
0ol Data & MC
1600
1400
1200f-
1000
800[-
600[
400
200F-
% o5 =5 15 2 25 3
pr (GeV?)

Cuts used — cut on Zp;2 > 2.5 (GeV/c)?

90% of statistics!

PYTHIA generator for low Q% +
spectrometer simulation

o o °
Yg-qq (PGF)| —— Ryr=30%
Y9-ag
Ya—q||

qq’—qq’
qg9—dgd
gg9—gdd

— — 0
RRes.Phot ~ 50%

low p;

Here LO processes as well as low p; part have been
neglected in the analysis
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Results

Results for low Q? : Q?< 1 (GeV/c)?

%0

2002-03 results published: Phys. Lett. B 633 (2006) 25
0.2 ‘ :
o u+d - + 2h(high p_) + X 3
~ COMPASS preliminary §
< 0.1 Cuts and asymmetry used for o
{ AG/G extraction :
oL--L . %E _________________________ §
2002 {2 z ‘

2003

-0.1- 2004

| | | |

1 1.5 2 2.5 3 3.5

>pr2[(GeVic)? ]
Data (AG/G)(x,) stat exp.syst | MC.syst resolved
photon
02-03 0.024 0.089 0.014 0.052 0.018
02-04 0.016 0.058 0.014 0.052 0.013
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Results

Results for low & large Q2 Xﬁg‘g{ @
et

°
OV er COMPASS, high p _, @%>1 (GeV/c)?, 2002-2006 . H
B’o 6:_ : COMPASS, high p:, Q%<1 (GeV/c)?, 2002-2003 Pre“mlnar.y results on s
< C * COMPASS, open charm, 2002-2007 asymmetrles for IOW Q2 H
04l o SMC, high p_, G*>1 (GeV/c)* details: .
F A HERMES, high p , all Q* more aetalls: o e
sk l DIS 2014: M. Levillain 2
r #T il A. Nunes 8
0_ E 0.02, 0.3 o
- = 1 N Proton 2
02— & 0_++++—|—_}_ ------------ s §
- 3
-0.41— 0025608 1 12 14 16 18 o)
B P, (GeVic) —0.1 y 8
06— <
—0.8:| | | | | I | | | | |
1072 107 X
. 1| 2| I‘ SI' pTI(Ge‘lV/c)
NLO calculations for low Q? s
M. Stratmann, B Jager, W. Vogelsang EPJC 44(2005) 533 . —— Deuteron
COMPASS: potentially discriminated power on gluon polarisation < 7 ——— o2
0025608 T 12 14 16 18 l
Unpolarised cross-section - comparison with calculations: A =
COMPASS: Phys. Rev. D88 (2013) 091101, SO O S [ ...... R o
Comparison: Phys. Rev. D88 (2013) 014024
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Determination of gluon polarisation using all-pt methods

New analysis - all-pt methods

M. Stolarski DIS 2014, paper in preparation

2

E “Ag.

AG ~PGF LO LO LO - el ql
G ——(xg)a;;” Rpgr + 4 (xC)aLLR + A (xB])DR A7 =

2 eizqi

1

ALzél (xBj) =

Problem in A%O - unknown

000 00000000 00000 00000000000 O

-

Can be calculated from polarised PDFs but:
@ LO - biased results & error
@ NLO - inconsistent with LO analysis, contains also Ag

In the previous analysis - taken from inclusive data: A‘lj

Phys. Lett. B 718 (2013) 922
price: complicated formula + large systematics

LO
Al

New method: extract simultaneously with Ag/g

J.Pretz, J-M Le Goff NIM A 602 (2009) 594
COMPASS open-charm: Phys. Rev. D (2013) 052018
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Determination of gluon polarisation using all-pt methods

New analysis - all-pt methods

To optimize statistical error - a ,,clean” source of PGF and QCDC processes
as well as LO processes needed;

e PGF/QCDC - high-pt data

e LO - low-pT data

data without pr cut used! increase statistics (~100 M)

000 00000000 00000 00000000000 O

-

Some of the systematics uncertainty reduced:
* no error related to the ,master” formula

*no AY parameterization needed

* reduced experimental false asymmetries

the statistical weight simpler than in previous analysis
@ Wihew ™~ au_ RPGF

] R R D
o Woig ~ af" Rocr — alft"PoF RifgL (MLt Recbcit =10y ()

aLL Rmcl
Statistical error on gluon polarisation reduced - higher statistics
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Determination of gluon polarisation using all-pt methods

New analysis - all-pt method K(}c : @
A+ compatibility check B

A?CDC(XC) — A%P(ng) — Aﬁo(x); for xc = xp;

event(x_Bj.x_C.x_g....) It can be verlfled equality of the two asymmetries by
performing y 2 test and select the best MC tuning ;
Note that statistical weight is constructed on the MC basis

. 000 00000000 00000 00000000000 >

”
S ﬁ@ 2 name %

2 1 | HIPT_PSON_MS_FLUKA | 8.1

7 x_Bj 2 HIPT_PSON_MS 8.8

x C 3 HIPT_PSOFF_MS 3.9

f x_g 4 HIPT_PSON_CQ 10.1

+ | 5| HIPT_PSON.MSNOFL | 6.9
| | x 6 DEF_PSON_CQ 13.1
7 DEF_PSON_MS 10.7

8 DEF_PSOFF_MS 9.9

Data selection:

standard DIS cut on inclusive variables (large Q?)

at least one charged hadron detected - no high-pt cut !
for ANN information from one, leading hadron only is used

Krzysztof Kurek - Constraints on AG from COMPASS data SPIN2014 The 21st International Symposium on Spin Physics, Beijing, China



Results

New analysis - all-pt method

results

As in the previous analysis ANN is used - now only four variables:
XB;j Q2, pr and p; are used for training

Minimalization procedure and covariant matrix is used for error estimation;

simultaneously At and Ag/g is fitted.

4 )
Ag/g =0.113 £0.038 £ 0.035 (Preliminary)

o the scale, p? =< Q% >~ 3 (GeV/c)?, and < x, >~ 0.10

o the result obtained under the assumption:
CDC
A? (xc) = AfP(XBj) for xc = xp;

. 000 00000000 00000 00000000000 >

NS J
4 AG )
— =0.125+0.060 = 0.063 significantly
comparing to G reduced statistical
% =009%%  (W)=34(Gev/ey|  endsystematies
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Results

New analysis - all-pr method K(}c : @
results B

Ag/g has been obtained in three Xxq bins

Good agreement with previously published results

0.6 0.6

000 00000000 00000 00000000000 O

2 o  COMPASS, all-p , @*>1 (GeV/c)’, prel., 2002-06 2 o COMPASS, all-p, Q%1 (GeV/c)?, prel., 2002-06
o COMPASS, high-p_, @>>1 (GeV/c)?, 2002-06 (@)
<] T 4 L A COMPASS, Open Charm, 2002-07
0.4~ ‘ 0.4" . compass, high-p, Q<1 (GeVic)?, prel., 2002-04
- : o SMC, high-p_, Q*>1 (GeV/c)*
0.2~ T ol 02: * HERMES, high-p_, all Q°
VPP PP O * : | :
[ L [ —}
[ B [ h . :
0 H O .................. L I , ............
: PO SO SO A .........................
_0_2_— 02 TR S
— _I L L L L L _| I I I TR | b
4 02 10~ BT -
X 10 10
g Xg

Systematic studies mostly same as in previous analysis

e errors from formula and A1 are eliminated

e Significantly reduced error from MC: 0.017 vs 0.045

e slightly higher false asymmetries observed (0.029 vs 0.019, correctly taken pt dependence)
Total: 0.035
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Gluon polarisation from COMPASS open-charm data

D% meson production ir% @
e

Low statistics! Huge combinatorial background to fight with! Phys. Lett. B 676 (2009) 31
Phys.Rev. D 87 (2013) 052018

Open-charm production@COMPASS -

W) Photon-Gluon Fusion (PGF) - the only process in LO QCD. ;
(k) $
Y*(q) B §
C GPGF=G®6PGF®H 8
I, Ao =AGRAG™ ®H :
g
N(p) assumption: % (x)=a(x—-Xx)+b
from MC
AG _ n eray
4 ~ —(XG) < afLGF > notice: . 5
Ameasurea’ — P Asignal + AB
75 b(S +B S+B )

signal asymmetry from data
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Gluon polarisation from COMPASS open-charm data

The method similar to all-pt

d k A\r

Total number of events: - —agn(s+b) |1+ PP, f [ —— A#N-#DX
dmdX s+b
)
AR .

ws = PﬂfD 5 . s+ b

. s+b
two weights: b

wg = P, fD——.
s+b

. 000 00000000 00000 00000000000

Every event is weighted by these weights and asymmetries for signal and
background in (52", Ene) intervals are simultaneously extracted.
Gluon polarisation from signal asymmetry is then estimated.

Another way: extract gluon polarisation directly event-by event basis using
weights with analyzing power:

w=f Py S

S+B

arr

Statistically optimised determination of gluon polarisation;
takes into account anticorrelation between analyzing power and signal strength
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DO meson reconstruction - data selection

DY meson data selection

Considered events:
- D' Kn (BR: 4%)

- D' - D'n, (30% D’ tagged with a D)

* D’ - Kn

e D' — Knn" (BR: 13%)—» not directly reconstructed T°

e« D' - Knnn (BR: 7.5%)

e D' - sub(K)t ——» no RICHID for Kaons (p < 9 GeV/c)

Selection to reduce the combinatorial background

- Kinematical cuts: 7 and D’ decay angle (7o reject colinear events with y

coming from the nucleon fragmentation), K and T momentum

- RICH identification: K and 7t ID + electrons rejected from the T sample

~ Mass cut for the D" tagged channels (M[Krrr |- M[Kn] — M[7])

- Neural Network qualification of events

%0
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D% meson reconstruction and signal strength estimation

DY meson reconstruction

)
°
°
°
°
°
H
3 COMPASS 2002-2006 D}, (D* tagged) 500 COMPASS 2002-2006 D} (D* tagged) x10° COMPASS 2002-2006 D}, =
3000 [ ) S
C 3 100
C N(D°) = 5700 2t
1000— . S T .
- Knr > sol :
2000 , s00- l - .
N(D°) = 8500 C so- s
i 000~ i N(D°) = 46400 :
1000— r aof- = g
i F 5 o
-6y s 500— 67 & - 67 = 1S)
. "LiD - LiD 20— LiD o
[ : - o
foo 200 2000 0 0 400 600 Boo 00— b0 0@ soc P I I B I IR N B R
My, - Myo (MeV/c?) ) ” ) My, - M, (MeV/c?) do0 300 -200 -100 0 100200 _Mso(oMewcg;)o
K D° .
- COMPASS 2007 D}_(D* tagged) COMPASS 2007 D_. (D* tagged) COMPASS 2007 DY,
s g b N(D°) = 3100 %
B © 800 = 3
000l 2 Ko 240000
B 2 2
: : | |
800— . 600— 30000
L N(D") = 4600 -
{600
L 400— 20000
r - N(D°) = 19000
400 — - r
L 200— 10000—
200 L C
- NH_ - NH r NH
r 3 L 3 C 3
L. P PR | P P . : | —; | —; | Il s Il s . e e e b e b e L
$oo -400 -200 0 200 400 600 $00 -400 -200 0 200 400 600 H00 300 200  -100 0 100 200 300 400
My, - My, (MeV/c?) My, - M, (MeV/c?) My, - My, (MeV/c?)
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D% meson reconstruction and signal strength estimation

of events

Artificial Neutral Network qualification KG\ m

‘E F ) COMPASS 2007 D, _ (D* tagged)
g 30000 :— ! \\ K §
> 25000 F "!’\i\ Kr 2 1000
7] C =
N =
141200001~ . N(D°) = 4600
sso00L gcc: signal+background
F * (
E K140 P wcc: pure background
10000 ‘
5000
s s 2 25 3 oo 400 - 200 400

M(Kr), GeV/c?

600

My, - Mo (MeV/c?)

e Assuming background model to be good Neural Network is able to find some differences

between samples: S+B and B.
*This way the signal probability S/(S+B) is constructed event-by-event

COMPASS 2006 D’ (D* tagged): D° signal region I | COMPASS 2006 D’ (D* tagged): sidebands ]

N0.017

hl r[ 1PJ1J L ruw 1

An example of “good” training variable in " : j[fﬁJl
signal region (left) and for sidebands (right] e

I Jw"xJ‘Jmﬁﬂﬁ wee L 50%[L{L{FUIHI -

ol

ol
[Cos(n )|
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Analyzing power and statistically optimized analysis

Gluon polarization QPZ‘{ @
59

— —

a
Final gluon polarization result from open-charm in LO QCD .
$
[ J
[ J
.
A , . A . . °
<_g> = —0.10 + 0.22 (stat.) + 0.09 (syst.) <_g> = —0.06 + 0.21 (stat.) £+ 0.08 (syst.) °
g g $
[ J
[ ]
.
. . . . . [
from asymmetries (x5) =011, u zlsGiy Statistically optimised :
3
o
o
(o]
[Source d({Ag/g))||Source 8 ((Ag/g))|
Beam polarisation Py 0.005 s/(s+b) 0.007
Target polarisation P, 0.005 False asymmetry 0.080
Dilution factor f 0.002 aLL 0.015
Assumption, Eq. (9) 0.025 Depolarisation factor D 0.002
Total uncertainty 0.086
[Source 3 ({Ag/g))|[Source 8 ((Ag/g))|
Beam polarisation P, 0.003 s/(s+b) 0.004
Target polarisation P,  0.003 aLL 0.005
Dilution factor f 0.001 False asymmetry  0.080
More details and asymmetries in bins - see: Assumption, Eq. (9) 0.025 ,
Total uncertainty 0.084
Phys.Rev. D 87 (2013) 052018
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Results for gluon polarisation at NLO QCD approximation

Gluon polarisation @ NLO QCD

[.Bojak, M.Stratmann, Nucl.Phys.B 540 (1999) 345, |.Bojak, PhD th. ;
J.Smith, W.L.Neerven, Nucl.Phys.B 374 (1992)36), H
W.Beenakker, H.Kuijf, W.L.Neerven,,J.Smith, Phys.Rev.D40(1989)54 §
[
[
[
Procedure for NLO calculations: :
[
C C o
VWA VWV 1. Aroma MC generator with Parton :
Shower-on describes COMPASS :
c4 c4 data very well s
[
o
00000 - : M—%— 2. PS simulates phase space for NLO 9
correction - aLL can be calculated °
(a) (b) event-by-event basis from :
theoretical formulas (as in LO case)
C
¢ 3. light quark correction ~ A1 which is
¢ c taken directly from data *)
c
4. Asymmetries in bins used
(rebinned in p}?  bins only)
(c) (d)
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Results for gluon polarisation at NLO QCD approximation

Result on gluon polarisation @LO & NLO QCD N

-

e

—

o
[ J
Phys.Rev. D 87 (2013) 052018 §
Ag\ NLO .
Ag ) :
<—> = —0.13 £+ 0.15 (stat.)+0.15 (syst.) 0.6 :
ol D F o COMPASS, all-p, Q%1 (GeVicy, prel., 2002-06 H
%D L & COMPASS, Open Charm, 2002-07 s
0.8 0.4r , COMPASS, high-p, Q°<1 (GeV/c)’, prel., 2002-04 =
| Q=13 (GeV/c)® | - . 2 2 °
O) ocl | * COMPASS opencharm - SMC, high-p,, Q">1 (GeVic) °
N | | —— COMPASS (Ag>0) 0.2+ « HERMES, high-pT, all @ :
(@)] [ | = = COMPASS (ag<0) ’ * L ; :
< 04| - pssv. .| L j- 4
|- LSS (Ag>0) - T * :
02 ] — Lss@gsignchanging) | O .................. ¢ ............. §
: --------- : ..................... A ......................... l
P e - :
C 02 Cheererereeneesbeen
o[- i
_0.4; _0-4 | 1 1 1 1 1 | | 1 1 1 1
[ I I I oo | I I I I 1 0_2 1 O_1
10 10 X Xg
[Source 2 ({Ag/g))|[Source o ((Ag/g))|
Beam polarisation F, 0.006 ||s/(s+b) 0.009
Target polarisation P, 0.006 aLL 0.119
Dilution factor f 0.003 False asymmetry 0.080
Assumption, Eq. (9) 0.025 Depolarisation factor D 0.002
Total uncertainty 0.146
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QCD fits and summary

COMPASS QCD analysis

a
H
(@)) 0.6 0.8 :
= [ e COMPASS, all-p_LO, Q*>1 (GeVic)’, prel., 2002-06 [ Q?=13 (GeVic)_| H
%» L AG>0 (o)) 06 [ | * COMPASS open charm :
0.4 —- AG<0 COMPASS NLO QCD fit, prel. > C | = Soueass :igzg; §
e AG node . < - DSSV o
i total uncertainty A E e LSS (Ag>0) s
- i i [
02 - ool LSS (Ag sign changing) H
L - - °
L i C °
L = °
L St 0 ——— :
OB i - e
B L e 02— ®
- ST PUALERE: / | [ J
- et e ] SERRRREIALS et C o
—02 — —0.4— o
— 7} L L L L L oo | L L L L N
- 1072 107"
- X
I 1 1 1 1 1 1 1 1 I 1 1 1 1
04 2 pp Phys.Rev. D 87 (2013) 052018
Xg
New COMPASS NLO QCD fit (inclusive, including new COMPASS proton data) M.Wilfert, DIS 2014
a [ Y. F ]
X r COMPASS NLO fit to g, world data x0.04— COMPASS NLO fit to g world data
006 = 4  COMPASS 160 GeV (2007) 4 - ¢  COMPASS 160 GeV (2002-2004)
C ' COMPASS 200 GeV (2011) AT 0.03
0.04— : -
C /;/§ 0.021-
0021~ /‘/e/'/ 0.01—
0 = ')—"‘."’—‘T_ ‘ | 0 - & & o
10° 102 107 1 :_3 ‘
X 10
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QCD fits and summary

-0 -
10° 10¥

10"
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COMPASS QCD analysis

Large uncertainty due to different parameterization and
reference scale

Gluon’s contribution to nucleon spin budget not well
constrained

SPIN2014 The 21st International Symposium on Spin Physics, Beijing, China
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Summary

Summary

* Gluon polarisation measurement @ COMPASS has been
presented

* New results on gluon polarisation @ LO QCD approximation from
high-pt hadron pairs measurement has been shown -all-pt
method

« The determination of gluon polarisation @ LO as well as NLO
QCD approximation from COMPASS open-charm data has been
presented

. 000 00000000 00000 00000000000 O

* New results on gluon polarisation from new COMPASS QCD fits
have been shown

Gluons are weakly constrained by inclusive DIS data
Direct measurements constrain gluons in limited range of x

New results from global QCD analysis prefers small positive
gluon polarisation but with large uncertainties.
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Introduction

First moment of g1 structure functions

Compass only Phys. Lett. B 647 (2007) 8

from Y. Goto et al., PRD62 (2000)
1 a (0? 1 034017:
r1N(Q2) = _(1 - M + O(Ofs2 ))(% (Qz) + — ag) (SU(B)f assumed for weak decays)
9 ” 4 as = 0.585 + 0.025

= 0.35+0.03(stat) = 0.05(syst) C, calculated behind 3 loops app.

a. . 2
0109 =3(Ger'/e) S.A.Larin et al.,Phys.Lett.B404(1997)153

QCD NLO
1 1
r'(Q*) = ng(Qz)aO + 3—6chS(Q2)a8 beyond NLO

Qe ., =0.33x0.03(star) £ 0.05(sys?)

Triangle anomaly:
quark contribution to the proton spin: ~ 1/3 “AS-3%5AG
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High traansverse momentum hadron pairs for large Q2

Master formula for determination of

the gluon polarisation (large Q2)

AG A]%f (xBj) + Acorr
—(xg) =
G §
. . R R. af
PGF PGF ,incl pincl L C LL
= a,, R —a,; "R = 4 —
B LL PGF LL PGF (R]incl RZICZ D )
corr RL 1
A = —4, (xBj)D Rl — A (x)B, + A (X' )P,
L
1 C C,incl pincl R C.incl R Rind ac
[31 = Rzncl (aLLRC - aLL RC szd) [32 = aLL (Igznclc)2 IZSL

e The polarized quark contribution (LO+QCDC) are taken directly from
inclusive A, asymmetry (pure data)

e To determine AG/G (<x5>) from < AG/G>, AG/G has been assumed to
be a linear function of x5 in measured bin
( very well justified assumption )
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Artificial Neural Network approach

Artificial Neural Network

2 variables o, and o, are used (R’'s sum up to 1)

0000 0000000000 000000 000000000000 00000 00

. MC sample, @*>1 (GeV/c)’ MC sample, Q>1 (GeV/c)? 1 MC sample, Q1 (GeV/c)
© | p>07GeV/c : p_ >0.4GeV/c O | p.>0.7GeV/c p.>07GeV/lc| O | p.>1.2GeV/c p. >0.7 GeV/c
z L ) -. = L T ) .. T2 = L T T2
Z - [ [

0.8j < 0.8 = 0.8+
0.6 0.6/ 0.6
0.4 0.4 0.4
0.2 0.2 0.2

0 % 02 04 0.8 1 %
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data selection and MC comparison

New analysis - all-pt method

MC vs data

MC: same MC as in the previous analysis (high-pT tunning) with
FLUKA generator for simulating secondary interactions.

Data selection:

standard DIS cut on inclusive variables (large Q2)
at least one charged hadron detected - no high-pr cut !
for ANN information from one, leading hadron only is used

o
o

© — o, 0 o 0
9 COMPASS Preliminary = — data 2006 (1 week) 9
o4k all-p,_sample, Q*> 1 [(GeV/c)’] E 04 < 04F
= c e LEPTOMC €
o ° 9]
|71 0.3 1 o.3f o 0.3F
0.2 0.2 0.2
0.1 0.1 0.1
! 1] L o)
10 1072 10 1 1 , 10 N 0
Xgj Q° [(GeV/c)T]
O 1.6 O 1.6F O 1.6
=
= L =
S 1.4 = 1.4 = 1.4
812k } 812F 812
T gevesese®®o0t0C00e ¢ ecctotoeetoe,e, 1 ®ceeecececso0,,
®
0.8 0.8F 0.8f
0.6 0.6 0.6F
0.4 0.4 0.4F
L L L L L L
10 102 10 1 1 5 10 R 0 02 04 06 08
Xgj Q° [(GeV/c)T] y
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10 — @10’ @, 08
E COMPASS Preliminary % —__ data 2006 (1 week) =
o 1L alp, sample, Q% 1[(GeVic)’] > 10° >
ir] w o LEPTOMC £ 0.6}
[}
10%H| 10°F Lﬁ o
0.4F
10°F 10°F
0.2+
10°F 10°F
. | 1 1 . 1 . . h
0 05 1 15 2 25 0 20 40 60 80 100 0 02 04 06 08
P, [GeV/c] P, [GeV/c] z
O 1.§ O 1.6F O 1.6f
=
= s S
3 148 3 1.4 3 1.4
81427. 81.27 $.4 81.27
L9001 I S setplyd .
T ®egqesece®e’ sisy 1 e T e .
i . ®eo®
0.8F 0.8F 0.8F
0.6F 0.6F 0.6F
0.4 0.4F 0.4
. . . . . . . . .
0 05 1 0 20 40 60 80 100 0 02 04 06 08

P, [GeV/c]
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Analyzing power and statistically optimized analysis

Analyzing power

Partonic muon-gluon asymmetry and NN parameterization

e a.L depends on the knowledge of the partonic kinematics and
can not be experimentally obtained - only one charmed meson is reconstructed

e aLL is calculated with MC (in LO QCD) and parameterized by measured quantities

using NN approach

e As a training vector kinematical variables: v, xgjk, Q?, zp% ptp° are used

a,, (generated)
S ©o , 9 9 © ©
L N © N B O ®©® o
YY{YYY{YYY{YYY{YYY{YYY{YYY{YYY

e 9o
[-:] [=2]
T T T

ol b b o b b Lo b L
"1 -08 -06 -04 -02 -0 02 04 06 08 1
a,, (reconstructed)

=
T
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COMPASS 2006 MC: D’ - Knnr (D tagged) |

o
=)

82% of correlation

a,, (generated)
© & o , o o 2o
(2] B N =) N & (2]

-‘_III|III|III|III|III|III|III|III|III|III

S
©

oo e b by b b b b b

08 -06 -04 02 0 02 04 06 08 1
a,, (parameterised)

1
"y

30

25

20

15

10

5

0
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D% meson reconstruction and signal strength estimation

DY meson reconstruction Xéﬁgﬁ{
s B

Invariant mass spectrum D° mesons reconstruction

0
COMPASS 2002-2006 D] , . (D* tagged) COMPASS 2007 D, ,, (D* tagged)
> >
(] ()
£ 2000 £
S S1000
2 EY

sub-threshold Kaons

l

1500 sub-threshold Kaons

1000—

N(D°) = 2000 500 N(D°) = 1000

- NH

500— 6L iD

0000 0000000000 000000 00000000000000000 0O

C L 3
a* PRI (S I (N IO I U I i T T T T
-400  -300 -200 -100 O 100 200 300 0 Y00 300 200 -100 0 100 200 300 400
e = Mps (MeV/e™) My - Mo (MeV/c?)
1500 COMPASS 2002-2006 D} __ (D* tagged) COMPASS 2007 D} _ (D* tagged)
o 15 N m
(%) o
S r S r
2 5 2 400— J
e T s I o
2 r N(D% = 3000 5 T N(D°) = 1100
1000— 300
6v =
LiD
500 -
[ o 20% of the D’ (D* tagoed) FOM F
e 207 o (D 1028 w-  NH
[ o 45% of the D"m FOM C 3
““““““““““““““““ T R | -
K - - = RN RN RN RN R R SRR TR
do0"500 200 106 0 100 2 Mmevreh doo 300 -200 00 0 100 200 300 _ 400
Ka” ot My, - My (MeV/c?)
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Determination of gluon polarisation using all-pt methods

Results & systematics XGQE{ @
oL

o For completeness AL© results are shown

o extracted asymmetries are compatible with zero for low xg;
e positive value is obtained for higher xp;, as expected

0.5

oT
-
<
0.4

0.3
0.2

0.1

COMPASS, all-p , Q%1 (GeV/c)?, prel., 2002-06

L
®

L ]
[

_IIII.IIIIIIIIIIIIIIIIIIIIIIII
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Determination of gluon polarisation using all-pt methods

Results & systematics

@ Presented analysis is MC dependent

@ 8 MC samples are used to study systematic uncertainty of Ag/g

@ The extracted values of Ag/g for each of MC are shown in figure
@ The RMS of the obtained results was taken as a systematic error

COMPASS Preliminary
4IPT_PSON_MS_FLUKA C -
HIPT_PSON_MS
HIPT_PSOFF_MS - o ! @ Obtained Ag/g results are
HIPT_PSON_CQ ——— very stable, RMS = 0.017
HIPT_PSON_MS_NOFL ; > - @ Results are stable
DEF_PSON_CQ ———— while the error of Ag/g
DEF_PSON_MS : o - changes by up to a factor 2
DEF_PSOFF_MS| | o |
0 0.05 0.1 0.15 0.2
Ag/g
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Determination of gluon polarisation from COMPASS open-charm

Comments on intrinsic charm X@{
@g

— —

Why measure gluon spin from Open-Charm?

* ¢c production is dominated by the PGF process, and free from physical
background (ideal for probing gluon polarisation)

- In our center of mass energy. the contribution from intrinsic charm (c quarks not coming

Jfrom hard gluons) in the nucleon is negligible . ,
. go a N COMPASS preliminary
- Perturbative scale set by charm mass 4m ~ z
¢ 0.06
- | Nonperturbative sea models predict at most 0.05 Sl RD
0.7% for intrinsic charn_contribution as .I i J MG
o Expected at high x_ (compass Xy < 0.1) 0.03 1| "l
D)
— - 0.02 o
- cc supressed during fragmentation (at our energies) 0.01 N .
& 0 i . —.
T — 0 ‘ . .
"\CD‘ n‘orm 045 Yo 0 041 02 03 04 05 06 07 08 097 1
++ --- v-g fusion virtual photon energy fraction ~ %o
P03 ke == Intr. charm 0.7% carried by D°meson “
g 5 / v=95 Ref. Hep-ph/0508126 and hep-ph/9508403
i T, Phys. Lett. B93 (1980) 451
0.002 RS 5, A Data from EMC:Nucl.Phys.B213. 31(1983)
l, \\ /'
' . 1 L i‘ 1 A /
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Determination of gluon polarisation from COMPASS open-charm

Comments on intrinsic charm %@{ @
59

— —

Intrinsic charm predictions: CTEQG6.5c¢

* In the COMPASS kinematic domain:

* No intrinsic charm contamination is predicted by the theory driven results

* Only the more phenomenological “See-like” scenario should be taken
into account (under study)

' Comparision of models |

_— 1
x S e No IC
—
N ~————————  BHPS modcl for IC
[ 3]
x e Neson cloude model for IC - charm
10—‘ - cescccce Neason cloude model for IC - anty-charm
- See-liIke mocel for 1C
-2
107°E
:—-—_’.’
1071
104,
10
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Determination of gluon polarisation from COMPASS open-charm

Aroma MC PS versus COMPASS data

% i %
S 0.05-- s 1
S - ® o4
£ 0.04%\—— g 107k P D*+
- - o P -
S 0.03 \,} £ g e D*
0020 I ol 10 == EMC
L i— Slo L :
0.01- ﬂ“’*i-{:jh 10 3
I . | . \_D_:g_éd’:\—ﬁ“ 10—4V L | | .
% 40 60 80 2 4 6 8
E [GeV] p2 [(GeVic)]
—0.015 — -
" E
~~ i __—— _T_
£ o001 |_L$$ii\_¥\#ﬂ 38 3¢
0 T Ty i et
'cs|'5 L_{]_ _{_ T, 2 > )
0.005 // T T I f <
\ 1 ' :
oy 4 X
0 |22 t VA S =
50 100 150 % o2 08 1
v [GeV] z=E/v
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