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Introduction: open-charm and polarization

D% meson production

Open-charm production@COMPASS -
Photon-Gluon Fusion (PGF) - the only process in LO QCD.

o™ =GRS ®H

cl Ac™ =AG®AG™ ®H
assumption: % (x)=a(x—-x)+b

~ PGF
ar;

G
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data DO meson prOdUCtiOn
NLO QCD corrections and prediction for AG/G

Future plans

Low statistics! Huge combinatorial background to fight with! Phys.Lett.B 676 (2009)31

Open-charm production@COMPASS -
Photon-Gluon Fusion (PGF) - the only process in LO QCD.

sl
J
/‘/{.9\/ c\ % DO=C-U_’K-'_:+ O,PGF =G®G"PGF ®H
¢l A" =AGRAG™" @ H
> D°
= ~
A
assumption: AG (x)=a(x—-x)+b
s G
| from MC
A N .
Ameasured — P Asignal + AB
75 b(S + B S+ B )

signal asymmetry from data
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Measuring D% asymmetries to extract AG/G
NLO QCD corrections and prediction for AG/G

Future plans

The number of reconstructed D% (N“9) is used to measure an open-charm
asymmetry for the PGF process
upstream cell downstream cell

d d' u' N N
1 N"-N* N*-N L . 4
A= (T )| | = = e
N'+N_ N +N " Field rotation
=f.P,,-PT L. #.T = R == =S8hr
+b NI’ Nd‘
Open-Charm event probability equal acceptance for both cells
_ _ _ _ —» needed for every event
Weighting each event with the weight ®=( f-Pﬁ ):
2
AG _ 1 W,—Wy W, —W4 . .. . <w >
= X(———S+———) with a statistical gain:———

2
< (D>

G 2P wi+tw, w.+wj
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polarization measurement @ COMPASS

D% meson reconstruction

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

- D' > D', (30% D° tagged with a D’)
* D’ > Kn
e D' = Knn® (BR: 13%)—» not directly reconstructed 0
o« D' > Knnr (BR: 7.5%)
o D' 5 sub(K)t ——» no RICHID for Kaons (p < 9 Gel/c)

Selection to reduce the combinatorial background

- Kinematical cuts: z_and D° decay angle (7o reject colinear events with y

coming from the nucleon fragmentation). K and T momentum

- RICH identification: K and 1t ID + electrons rejected from the T sample

Mass cut for the D" tagged channels (M[Kmt&]— M|Kr] - M[x])

- Neural Network qualification of events
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Introduction: open-charm and gluon polarization

Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data
NLO QCD corrections and prediction for AG/G

Future plans

D% meson reconstruction

Invariant mass spectrum D° mesons reconstruction
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS .
Final LO QCD result from COMPASS open-charm data D% meson reconstruction
NLO QCD corrections and prediction for AG/G
Future plans

Invariant mass spectrum D° mesons reconstruction

COMPASS 2007 D;_, (D* tagged)
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& L o 0 R
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A C 0 Preliminary 2 800 ©) 0 Y
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS .
Final LO QCD result from COMPASS open-charm data DO meson reconstruction

NLO QCD corrections and prediction for AG/G
Future plans

Invariant mass spectrum D° mesons reconstruction

eos COMPASS 2002-2006 D} _(D* tagged)
el
> i Preliminary
2
=
> N(D°) = 3000

1000

500

_ 0 ¥ 27
| e 20% of the D — (D ragge d) FOM COMPASS 2007 D?(mm (D* tagged)
L e o . ‘E -
L« 45% of the D Kx FOM 6LlD E 400— Preliminary
| T - I ) I I | I - I ) I I | I - I L1 1 I ) I I | I - ; B
-200 -300 -200 -100 0 100 200 300 400 E B N(DO) =1100
My - M_s (MeV/c?) B
300_—
200_

3

100;— NH

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
fo0 300 200 -100 0 100 200 300 400
M. - M_; (MeV/c?)

Julich, SPIN 2010 Krzysztof Kurek 12/ 28



Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Signal to background estimation
NLO QCD corrections and prediction for AG/G

Future plans

Neural Network qualification of events

- Signal model = gcc =K+7T_1Ts_ + K_'IT+1TS+ (D spectrum: signal + background,

- Background model » wee=K'nm'n~ + K" (no D’ is allowed)

e Assuming background model to be good enough Neural Network (NN) 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

mlfj”ﬂﬂ“‘rw M Preliminary ‘5"% Preliminary }df W
| Lk

100—

50 Lr -~ E fﬂi: |
N J\ e R g T
_, d"-\ wee : L

[ FTETE NN INETE FETEE SRS FETEe :.‘,..‘....4....;........L..;,l...,i....‘,;.. ]
°o 1 02 03 04 05 06 07 08 09 1 %94 02 03 04 05 06 07 08 08 1

ICos(n |Cos(o )
example of “good” training variable mass window where signal is expected (left) and for sidebands (right)

N0.017
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polarization measurement @ COMPASS

Signal to background estimation

D’ tagged spectrum in bins of X = s/(s+b)__
CONPASS 2006 [ (0" taggedk.I < 053 o COMPASS 7005 [ (D" tapgee): 053 <=1 <055

i Prelmn 3 imi
: minary : Prefminary

« Events with small s/(s+b)NN

* Mostly combinatorial
background is selected .

T —
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s’y e e
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Prelminary

+
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the NN parameterisation) .
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.
of
o
.
:

L

W w0’ e ! o)

COMPASS 2006 [, D" tagged:L >~ 0.3

o Events with large s/(s+b)NN

e Mostly Open-Charm
events are selected
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polarization measurement @ COMPASS

Signal to background estimation

D’ tagged spectrum in bins of X = s/(s+b)
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS .
Final LO QCD result from COMPASS open-charm data Analyzmg power aLL
NLO QCD corrections and prediction for AG/G
Future plans

Partonic muon-gluon asymmetry and NN parameterization

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

e aLL is calculated with the help of MC (in LO QCD) and parameterized by
measured quantities using NN approach

 As a training vector kinematical variables: vy, xgj, Q2, zp°,pTp° are used

COMPASS 2006 MC: D° - Knnx (D tagged) |
s I =) c =S
L r 2 C "
© 0.8 E 0.8— .
g F 2 E 82% of correlation —lo5
0.6 S 0.6
Joaf Epy A
0.2 0.2F .
-0? o . 15
0.2 0.2 .
- E - —{10
0.4 = ~r
E 0.4: - ™
0.6/ = E
» -0.6
E C 5
-0.81 -0.81—
_1_1:”_‘0‘5‘_‘0‘6‘_‘0‘4‘_‘0‘2‘)"_‘o“b‘é‘b“‘“b‘é‘b‘é“1 _1:...1,..|...|...|..Al...lt..l...l.ul..t 0
-8 -0.6 -0.4 -0. 2 04 06 O. 1 08 -06 -04 02 -0 02 04 06 08 1
a,, (reconstructed) a,, (parameterised)
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Introduction: open-charm and gluon polarization

Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data
NLO QCD corrections and prediction for AG/G

Future plans

Gluon polarization

Final gluon polarization from open-charm in LO QCD

COMPASS 2002 - 2007 AG/G

(\5 2
3 = Preliminary
1_ ........................................................................
oF l I T %
B l J
Y A
_2 1 I0 1 1 1 1
D* D D*Krc D*Kmm D*Sub(K)JT Total
Notice: signal and background asymmetries
are extracted in the same time
S , B
Ameasured — fPTPb( Astgnal + AB)
S+B S+B
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Model independent asymmetries

NLO QCD corrections and prediction for AG/G
Future plans

D° asymmetries in bins of Ep® and prp° COMPASS Phys. Lett. B 676 (2009) 31

e Model independent asymmetries were extracted from data only

Aexp - PBPTf[RPGFDAyN_)DX +(1- RPGF)Abkg]

Ag
g

can be extracted using a..P¢F calculated at LO :

A
A, —pr pGr @4 PGF gg"'(l Rpr) Ay,

- . N S
e Similar analysis, but with weight ~w= f Pp a;
S+B
. \)
insteadof w=f P,——D
S+B
Julich, SPIN 2010 Krzysztof Kurek
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Model independent asymmetries

NLO QCD corrections and prediction for AG/G
Future plans

D° asymmetries in bins of Ep® and prp° COMPASS Phys. Lett. B 676 (2009) 31

e Model independent asymmetries were extracted from data only

Aexp - PBPTf[RPGFDAYN_)DX +(1- RPGF)Abkg]

Ag
g

can be extracted using a..P¢F calculated at LO :

A
A, —pr pGr @ PGF gg"'(l Rpr) Ay,

- . N S
e Similar analysis, but with weight ~w= f Pp a;
S+B
. \)
insteadof w=f P,——D
S+B
Julich, SPIN 2010 Krzysztof Kurek
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Model independent asymmetries
NLO QCD corrections and prediction for AG/G

Future plans

D° asymmetries in bins of Ep® and prp° COMPASS Phys. Lett. B 676 (2009) 31

* Model independent asymmetries were extracted from data only

Aexp - PBPTfI:RPGFDAYN_)DX +(1- RPGF)Abkg]

Ag _ . Asymmetries in bins allow to
. z can be extracted using aL."“" calculated at LO : perform independent analysis
Presented NLO QCD result is
PGF Ag based on published asymmetries
A, =PePf|Rpgp @ + (1= Rpep) Ay, in bins

o . N S
e Similar analysis, but with weight ~w= f Pp a;
S+B
. S
insteadof w=f P,——D
S+B
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J.Smith,

Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS
Final LO QCD result from COMPASS open-charm data
NLO QCD corrections and prediction for AG/G
Future plans

I.Bojak, M.Stratmann, Nucl.Phys.B 540 (1999) 345, |.Bojak, PhD thesis

NLO QCD corrections

W.L.Neerven, Nucl.Phys.B 374 (1992)36), W.Beenakker, H.Kuijf, W.L.Neerven,,J.Smith, Phys.Rev.D40(1989)54
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AN NSNSl 7NN e
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Asignal = (Ea + A4 qt ) E <a >+ A€ ql V=
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GA ~ Gluon
q
aLL

aLL = G é_Gluon + Eq é,quark
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Analyzing powers in NLO
NLO QCD corrections and prediction for AG/G

Future plans

Gluon polarization in NLO QCD - MC approach for simulating Phase Space

Procedure for NLO calculations:

1. Aroma MC generator with PS-on describes COMPASS data very well

2. PS simulate phase space for NLO correction - aLL can be calculated
on a event-by-event basis from theoretical formulas (like in LO case)

3. Warning: MC with PS is not fully equivalent to NLO. Micky-Mouse MC
generated with flat kinematical distributions and re-weighted by
correct NLO QCD cross section was also used to “crosscheck” the result

4. In this case BELLE FF was used for D° (independent fragmentation)

5. A1 taken directly from data

Julich, SPIN 2010 Krzysztof Kurek 22/ 28



Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Analyzing powers in NLO
NLO QCD corrections and prediction for AG/G

Future plans

Gluon polarization in NLO QCD - MC approach for simulating Phase Space

Procedure for NLO calculations:

1. Aroma MC generator with PS-on describes COMPASS data very well

2. PS simulate phase space for NLO correction - aLL can be calculated
on a event-by-event basis from theoretical formulas (like in LO case)

3. Warning: MC with PS is not fully equivalent to NLO. Micky-Mouse MC
generated with flat kinematical distributions and re-weighted by
correct NLO QCD cross section was also used to “crosscheck” the result

4. In this case BELLE FF was used for D° (independent fragmentation)

5. A1 taken directly from data

Light quark contribution are very small - no strong
dependence on unpolarized PDFs
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Analyzing powers in LO & NLO
NLO QCD corrections and prediction for AG/G

Future plans

MC calculations: aLL

10000 |-

NLO gluon ? A*au for quark effect of light

8000 - channel quarks small

[ - dependence of
unpolarized PDFs
in aLL calculations
small

OO -

Averaged value of a.. is shifted
comparing LO and NLO

<Xc> is also changed!
The effective average xc depends on the aLL

The xc region where av. is close to 0 does not
contribute to average xc
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Gluon polarization @ LO and NLO
NLO QCD corrections and prediction for AG/G

Future plans

Gluon polarization from open-charm in LO QCD - published result COMPASS Phys. Lett. B 676 (2009) 31

LO published: AG/G=-0.49+0.27

[ ] New COMPASS, high p., Q%1 (GeV/c)?, prel., 02-06

() COMPASS, high p., Q%<1 (GeV/c)?, prel., 02-04
Published COMPASS, open charm, 02-06

] SMC, high p_, Q*>1 (GeV/c)*

A

0.6
O) . .
~. HERMES, high p_, all Q ;
---------- global fit wi >0, u?=3(GeV/c i
O 0.4 COMPASS global fit with AG>0, u’=3(GeV/c)? /
< S IR COMPASS global fit with AG<0, u?=3(GeV/c)® ,-"'
0.2 + l
- -
O i
-0.2— {1
-0.4
0.6 | BRI | |
. - 1
10 10 X

g
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Gluon polarization @ LO and NLO
NLO QCD corrections and prediction for AG/G

Future plans

Gluon polarization from open-charm in LO QCD - published result COMPASS Phys. Lett. B 676 (2009) 31

LO published: AG/G=-0.49+0.27 Significant effect on published data;
: : New LO result smaller and the
. =+ +
NLO (based on published asymmetries): AG/G=+0.008+0.25 effect of NLO corrections will be
test: NLO M-M MC: AG/G= +0.005 +0.22 smaller
[ ] New COMPASS, high p., Q%1 (GeV/c)?, prel., 02-06
() COMPASS, high p., Q%<1 (GeV/c)?, prel., 02-04
Published COMPASS, open charm, 02-06
o)) 0.6 O SMC, high p_, Q%1 (GeVic)® ;
N~ A HERMES, high p_, all @ .-"i'
(@) 04l T COMPASS global fit with AG>0, u?=3(GeV/c)? ;‘
< T COMPASS global fit with AG<0, u>=3(GeV/c)? ,~"', NLO pre/iminary prediction
0_2:— + '/,»,-/ /
0 T ——
0.2F (} LO published
: /
ouf. COMPASS
-0.6_| L] | L
107 10" Xq
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data Gluon polarization @ LO and NLO
NLO QCD corrections and prediction for AG/G

Future plans

Final gluon polarization from open-charm in LO QCD

AG
—=-0.08+0.21+x(0.11)
G
> GeV?
_ (x,)=0.11 @ =1322—
B New COMPASS, high Py Q°>1 (GeV/c)", prel., 02-06 C 2
o COMPASS, high p., Q%<1 (GeV/c)?, prel., 02-04
COMPASS, open charm, prel., 02-07
0.6 ] SMC, high p_, Q*>1 (GeV/c)*
A HERMES, high p_,, all Q*
04| T COMPASS global fit with AG>0, u?=3(GeV/c)?
B TP COMPASS global fit with AG<0, u’=3(GeV/c)?
0.2~ + ]
- 1. o Lr\ -
R T
0.2F ]
04 COMPASS Preliminary
.0.6- | L] L
107 10" Xq
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Introduction: open-charm and gluon polarization

Gluon polarization measurement @ COMPASS

Final LO QCD result from COMPASS open-charm data
NLO QCD corrections and prediction for AG/G

Future plans

Gluon polarization @ LO and NLO

Final gluon polarization from open-charm in LO QCD vs NLO result from published asymmetries set

LO published: AG/G=-0.49+0.27

AG
NLO (based on published asymmetries): AG/G=+0.008+0.25 G —-0.08 +0.21=(0.11)
test: NLO M-M MC: AG/G= +0.005 +0.22 2
0.11 2 _135¢Y
B New COMPASS, high Py Q%> (GeV/c)z, prel., 02-06 <xG > -~ : M - C 2
o COMPASS, high p., Q%<1 (GeV/c)?, prel., 02-04
COMPASS, open charm, prel., 02-07
(®)) 0.6 ] SMC, high p_, Q*>1 (GeV/c)*
N~ A HERMES, high p_, all Q° ,
m 04| T COMPASS global fit with AG>0, u?=3(GeV/c)? iii’
< 04 .. COMPASS global fit with AG<0, 1*=3(GeV/c)’ / NLO preliminary prediction
0_2:— + ,",»',-" ] /
O
0.2
04~ COMPASS Preliminary T~ LO final
-0.6_| L] L
-2 -1
10 10 Xg
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Introduction: open-charm and gluon polarization
Gluon polarization measurement @ COMPASS
Final LO QCD result from COMPASS open-charm data Summary and planS
NLO QCD corrections and prediction for AG/G
Future plans

Summary:

* New result on gluon polarization (in LO QCD) from open-charm
analysis @ COMPASS has been presented.

e The preliminary NLO QCD result based on the published set of
asymmetries in bins in pt,p®and Ep® has been obtained.

e LO MC generator with PS on has been used to simulate NLO Phase Space
needed for calculating analyzing powers in NLO approximation.

Plans:

e Unpolarized DO cross section, data/MC comparison and D° production
characteristic (new COMPASS paper).
e New tool - NLO MC for heavy quark photo-production available now for
aLL calculations (PhD, Tobias Téll, based on HERWIG generator, full NLO MC, PS+subtraction
to avoid double counting, soft + virtual correctios as well)
* New set of asymmetries in bins corresponding to the presented new LO result.
e Final NLO result based on these asymmetries with systematics error.
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polarization measurement @ COMPASS

Signal to background: FOM
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polarization measurement @ COMPASS

Signal to background: FOM
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spares

* c¢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

Jfirom hard gluons) in the nucleon is negligible ﬁ\,s
go 7.: COMPASS preliminary
- Perturbative scale set by charm mass 4m¢2 = VE
0.06—
- | Nonperturbative sea models predict at most 0.0
).7% for intrinsic i buti om;
o Expected at high X5, (compass Xy <0.1) °-°3;”
— 0.02—
- cc supressed during fragmentation (at our energies) 001k
L
=0 — AcD, norm 0.45% 004 02 0304 08 06 07 08 08 1
| 4+ --- v-g fusion virtual photon energy fractior °
0.01 K- - - Intr. charm 0.7% carried by D°meson
= v=95 Ref. Hep-ph/0508126 and hep-ph/9508403
S \ | Phys. Lett. BO3 (1980) 451
o0.002f L o \1‘ Data from EMC:Nucl.Phys.B213, 31(1983)
"I‘ AR N ‘;\ 2 2
8COMPASS range of x_ 0.5 xBj
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spares

* 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 |
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LO:
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LO:
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Gluon polarization in NLO QCD

NLO QCD corrections
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[.Bojak, M.Stratmann, hep-ph/9807405,
Nucl.Phys.B 540 (1999) 345, 1.Bojak, PhD thesis
J.Smith, W.L.Neerven, Nucl.Phys.B 374 (1992)36)
W.Beenakker, H.Kuijf, W.L.Neerven,,J.Smith, Phys.Rev.D40(1989)54

No problem for COMPASS: D — depolarization factor
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Gluon polarization in NLO QCD

NLO QCD corrections

NLO corrections available only for photo:
No problem for COMPASS: D — depolar
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