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Nucleon spin structure

* Nucleon spin —p l=1AZ+AG+L
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quarks  gluons orbital angular momentum (quarks/gluons)

* Assuming the static quark model wave function:
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e AT = (Au+Ad) =1

—» Up and Down quarks carry all the nucleon spin




Spin crisis

« However, by applying relativistic corrections (and assuming SU(3) symmetry):

A2 [10.60

 Where is the remaining part of the nucleon spin? (AG? L ?)

q(g)’

* Gluons solved the problem of the missing momentum in the nucleon:

* Will they be the solution too for this missing spin? [1 Measure AG!

* Experimental AX (from polarised DIS):
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Much smaller than expected...

[]
SPIN CRISIS!!!

* Another reason for measuring the gluon spin contribution:

* Due to the gluon axial anomaly, if AG is large it could explain a small A~




The COMPASS Experiment



The polarised beam

- berylium target

- 500 mm long Hadron absorber
- and K produced \ COMPASS target

M2 beam line
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T

Primary beam: Tertiary beam 1"
- protons (400 GeV) - Focusing and momentum
- ~10*3 p / spill selection (160 GeV)
-spill: 4.8/ 16.8 s - BMS - momentum
measurement
Secondary beam: -2 x 10'2 p/spill
- ~96%

- 500 m long decay pipe
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The spectrometer and polarised target
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The Open-Charm analysis



How to tag a polarised gluon?

 In COMPASS, we can probe directly the gluons using the following interaction:

The photon-gluon fusion process (LO-PGF)

Tag PGF events via selection of
Open-Charm mesons

- =cu —~»|Kr*
Clean PGF signature g -
(no intrinsic charm in th‘e\:c : T
COMPASS kinematics) Gou o <D
Particles detected in the spectrometer:
S

:> e Reconstruct the D? invariant mass!




Reconstruction of Open-Charm mesons

Events considered (resulting from the c-quarks fragmentation):
- D" - D' (30% D' tagged with a D’)
e D’ ., K1t
« D' - Kmut" (BR: 13%) » not directly reconstructed
« D’ — Krumt (BR: 7.5%)
* D" - K 1m ———» noRICHID for Kaons (p(K) < 9 GeV/c)

Selection to reduce the combinatorial background:

- Kinematic cuts: Z o, kaon angle in the D' centre-of-mass, K and Tt momentum

- RICH identification: K and TTID + electrons rejected from the TT sample
— Mass cut for the D" tagged channels ( M "*‘/K | —M™[Kr] - M[17 )

- Use of a Neural Network to improve the purity of the D° spectra




The mass cut for the D* tagged channels
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o Improves the FOM of the DOKH sample by a factor of 3! (tagged vs non-tagged)

« Allows us to reconstruct low-purity channels of low statistics: D’ o, D’ and D’
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Invariant Mass Spectrum: DOKn (D* tagged and untagged channels)
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Invariant Mass Spectrum: D° , and D" (D* tagged channels)
b
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Invariant Mass Spectrum: D (D* tagged)
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Measuring D’ asymmetries to extract AG

 The number of reconstructed D’ inside each spin configuration, N (t=u,d, u,

d'), can be used to extract an Open-Charm asymmetry for the PGF interaction:

Considering A* = 0 upstream cell downstream cell
ul
AP — l Nu_Nd_I_Nd'_Nu' -cb. N =) N = _g,,
2\ N,+N; N, +Ny, u' field rotation
u,N <=
=fP -P.{— N N =8 hr
P, PT@A , i , -
Open-Charm event probability equal acceptance for both spin configurations
AG . Ao’ ot
* In LO-QCD, we have for A*'™: |A"" = <aLL>T with a;, = O_OP:GF )

« Weighting each event with w= ( f.Pu.):H needed for every event

AG _ 1 (w’)
(w)’

(Uu_()()d (Du,_wd.
2 2 + 2 2
+w w. .+ w

wu d u' d'

with a statistical gain:

G 2P,




Open-Charm analysis: Simultaneous extraction of AG/G and A"

 The relation between the number of reconstructed D’ and AG/G is given by (for
cach target cell configuration):

Depolarisation factor

S AG B .,
+D—— A" = 'd
WLSIB G | S+B ])’ t=(u,d,u’,d’)

r v S

acceptance, muon flux, number of target nucleons Open Charm event probability

N, =a¢n(S+B)

1+fPTPu!

« Each event contributing to one of 4 equations i1s weighted with a signal weight,
w =1 Pp a_ S/(S+B), and also with a background weight, w = { P“D B/(S+B),

and the weighted sums of events are taken:

8 equations with 7 unknowns: AG/G, A" + 5 independent O = (a@n) factors

The system is solved by a X* minimisation



Determination of S/(S+B)



N/0.017

50

s/(s+b)NN: Classification of events by a Neural Network

Two real data samples, selected with the same cuts, are compared by a Neural
Network (using some kinematic variables as a learning vector):

- Signal model » gec=K'nmm™ + Km'm’ (D" spectrum: signal + background)
- Background model » wee=K'n'm~ + K'ww " (no D’ is allowed)

If the background model is good enough: The Neural Network is able to distinguish
the signal from the combinatorial background on a event by event basis (inside gcc)

Example of a good learning variable
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s/(s+b): Obtaining final probabilities for a D’ candidate

o Events with small s/(s+b)

e Mostly combinatorial
background is selected

DOKn (D* tagged) spectrum in bins of 2 =/ (sth)
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Determination of a



The muon-gluon analysing power

o a_1s dependent on the full knowledge of the partonic kinematics:

PGF
_ Ao

OpGr

(y,Q%.%,.2¢, )

dar

Can't be experimentally obtained: Only one charmed meson is reconstructed

- a _ 1s obtained from Monte-Carlo (1n LO-QCD), to serve as input for a Neural Network

parameterisation on some reconstructed kinematical variables: v, Xy Q3 Z and P
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AGIG

Open-Charm results in LO-QCD
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World measurements on AG/G in LO-QCD

The gluon polarisation was obtained directly from the data, in LO, and was
found to be compatible with zero
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Determination of AG/G in NLO-QCD



NLO corrections to the analysing power Lk LI

cC cC

-x.ﬂ.-"\,ﬁ:? A AN A
Cds CL g cl

&

-~ 20000 Q,r

=M™ l,——ep—’— \

el ___» virtual corrections

~ 000000 A — 4

VAWAWAN

Cc

F 3

xﬂzﬁqlﬁfﬁ— m@h ; (O —e——
C C

NLO: PGF

T gluon bremsstrahlung corrections

VAV LWLV —1—h-—c ~/ u"u"x:—b-—c TAVAVAV —h—c JVAVAVAY —b—c
‘QQE = Ca
Ci Q{Q—- C4 nooono - ci —+—
o d 2T
x‘ﬁ-ﬂ’*‘ﬂﬂf—é— 000000 A —e—— 000000~ 000000 4000000 -
c T
-
T L N
c
Cy = LO: PGF NLO: bg
M’—_ﬂ— ~ROOoon - E
c




Procedure for NLO calculations

e The AROMA generator with parton-shower-on (PS-on) describes the COMPASS
data very well. Therefore, we can use the concept of PS to simulate the phase space
for NLO corrections:

— The energy of parton-showers defines the upper limit of integration over the
energy of the unobserved gluon/quark, in the NLO emission process.

- a. is calculated event-by-event from theoretical formulas (as in LO case)

* The following photon-nucleon asymmetries were used to determine AG/G:

o) affF (NLO) AG N al! (NLO) R The replacement of a | by D in @, implies
D G D : the extraction of A™ instead of AG/G

——» Independent of theoretical interpretations — good for global fits of AG

« Theterm A belonging to the light-quark correction, A, 1s taken directly from data



Distributions of a and X, in LO-QCD and NLO-QCD
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Results for A" (PGF)

Bins

D’ - KTt samples

D’ - Krot’ sample

D’ - Kruutsample

PO RO e | a | oan [l | a aem s,
€V/C
| [0, 30[ [ -0.90+0.63 0.00 0.01 -0.63+1.29 -0.11 0.01 7.03+x4.74  -0.09  0.01
[0, 0.3] | [30,50[ | -0.19£0.48  -0.06 0.01 0.27+1,17 -0.08 0.01 | -2.05¢1.10 -0.08 0.01
| >50 | 007+068 -0.12 002 |-255£200 -0.11 002 | 0.17+1.83 -0.09 001
| [0,30[ |-0.18£0.37 -0.08 0.01 -0.24+0.80 -0.17 0.01 | -0.59+1.74 -0.10  0.02
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- >50 0.36£0.33  -0.53 0.04 0.26+0.90 -0.49 0.05 | 0.08%0.63 -0.54  0.05




AG/G result in NLO-QCD - NEW
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Open-Charm results for xXAG

e Using the LO and NLO parameterisations of XG corresponding to the ones used in
the calculations of a ,we obtain the following results from AG/G (the comparison of

the LO point with the QCD fits is justified by xG(LO) = xG(NLO)):
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SPARES



s/(s+b)NN: Neural Network parameterisation

Dynamic Neural Network
Input data Normalization Y Network output o

EE| e I
EXEIN e

NN initialisation: number of neurons + weights randomly assigned to the Net structure

The goal is to tune the weights of each variable-neuron connection: They are
iteratively adjusted to minimise the error between the expected answer (1 for gcc
and 0 for wee) and the neuron response (modulated by a sigmoid activation function)

To ensure universality, 2 data sets (frain and test) are used:

— If their errors start to diverge the learning strategy 1s changed: Redundant neurons
are killed (new ones can born) [1 Independence of precise initial conditions!

D’ probabilities are computed, for every gcc event, using the resulting
multidimensional parameterisation (NN structure): f(o ) = s/(s+b)NN



S/(S+B) parameterisation: FOM improvement (main channels)
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S/(S+B) parameterisation: FOM improvement (low purity channels)
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[_] Data

MC(ps-on)

Data__ 1

Mean 0.4588
RMS 0.1341

T

x|

xx ]
x|

MC

e
R R g
R R R R R B R R R ]
R

EIEEE e e e e
T A
A e e e e e e
!-:-I--i--i--i--l-iiii*iiiii-li-liiii‘l}
e

Mean 0.4611
RMS 0.1246

R R R R T T R B 8 R I R

S
R R R K K R KKK K
L R R R R R ]
__._-l--l--l--i--i--i--l-iiiiiiiiiiiii*i-_‘ii:i = _.:d_!"
e
e A AR
L T L P L A L L L R P P T T,
R A ]

[t e cim el cie el e s e e i I

(2 A A A A AR AR AR X R AT L LR LR LR KKK K LT
i;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:*:;ﬁ
ri--l--l--l--l--l-l--l-l-l-l-l-l-l-l-l-l-l---l-l-l-l-l-l-l-l-l-l-l-l-l-i-‘
e R K K L R R R K X R T
-
R L ey,
X2 xR R R R R R K KR KR AR XK AR AKX XXX R KR
P P T T P T N T T S

2 03 04 05 06 07

)/0.02

500

N(D°

400

300

200

100



T;," - A D, norm. 0.45%
-------------- 7'¢ fusion
0.01 _i+ | ———Intr. charm 0.7%
;_I' v =93 GeV
0.002
J'l i" : :

']H

COMPASS range of X

0.3 |
i luj

Ref. Hep-ph/0508126 and hep-ph/9508403
Phys. Lett. B93 (1980) 451
Data from EMC:Nucl.Phys.B213, 31(1983)

z B [—NiC |
H - —— BHPS mode] for IC
%L — Meson cloud mode] for IC - ¢
0l e Wlsoay cloud mode for 1C -
TE | e Sealike model for IC
Wl
s
0L.001 =
{01 :
R e e S

COMPASS range of Y




Unpolarised gluon distribution in LO: @ = 13 (GeV/c)*
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