p A Experiéncia COMPASS
no SPS do CERN
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A estrutura do protao e o seu spin

Paula Bordalo (LIP/IST) Lisbon 24/04/2012



proton
(6 types of quarks: up, down, —~—
charm, strange, top and bottom)

No nucleo dos atomos os nucleodes - protoes e neutroes -
sao constituidos de quarks ligados entre si por gludes



E o que € 0 Spin ?

As particulas constituintes da matéria - elementares
(ex: quarks, electroes...) ou com estrutura (ex: protao,
neutrao...) tem diferentes caracteristicas.

Exemplos:

 Massa

« Spin — esta caracteristica
corresponde ao movimento
rotacional intrinseco

Uma analogia classica do spin dos
nucledes (protoes e neutroes) é
como se fosse um piao a girar




I Qual é o valor do Spin
P dos nucleoes ?
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O Spin dos protoes (neutroes) = 1/2

E de onde provém ?

Sendo os nucledes constituidos por
quarks e gluoes, entao o spin total sera
A soma dos spins de cada um deles

Spin do nucleao: % = % AY + AG+ L

[

spin spin dos mom. ang.
dos quarks gluoes orbital



A “Crise” do Spin
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A primeira vez que se mediu o spin do con-
junto dos 3 quarks dos nucleoes foi nos
anos 80 — pela experiéncia EMC do CERN

E o resultado foi: apenas 0.15 !!

Spin do nucledo: 5 =5 AL+ AG + /.,

bt

spin spin dos mom. ang.
dos quarks gludes orbital

Um dos objectivos da experiéncia COMPASS do CERN é
o de medir a contribuicao dos gluoes para o spin dos
nucleoes




COMPASS é uma colaboracéao de cerca de
230 fisicos, de 30 institutos e 12 paises.

Recentemente o
programa de Drell-
Yan de COMPASS-II

atraiu:
2 labs USA
1 de Taiwan
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Dri polarised beam and
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THANK YOU !

Thanks also to Catarina Quintans who provided some slides



LIP work and responsibilities

in COMPASS Experiment
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!iil Gluon Polarisation — LIP results ¢
High-p; Analysis, Q% > 1 GeV? e
COMPASS is the first experiment

providing measurement of AG/G in
bins of xg :

In helicity asymmetries measurement
with 2 high-p; hadron events, 3 pro-

cesses contribute in LO: 0.147 +0.091 £ 0.088, x,, = 0.07
; = IR o 0.079 + 0.096 + 0.082, x_=0.10
j% z _0.185%0.165 £ 0.143 , x,=0.17
2 S . fi‘; . r g = \g Y -
< 0.6 f_ 5 COMPASS, OpeI: Charm, LO; all z:z, [02,07] da:a, (12) = 13 (GeV/c)?, preliminary|
LP PGF QCDC 0.4;— é ERMES, high p_, all @2, (1) ~ 3 (GeV/c)®
0.2 e ﬁ ol
A = aP ST RporAG/G(zc)+ oF —r &
DRy pA1(zg;) +agEDcRcA1(ch) 02F i
0.4
a . s and Rs are taken from MC 06F
Higher p; = higher PGF probability i3 o o
10° 10" X

g
We are developing a new method of AG/G extraction from all p; sample

= expected AG/G error reduction by a factor of 1.5 - 1.8
= easier way to deal with systematics
= allows tests of the MC models used in the analysis
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(First world NLO analysis)

Polarised Photon-Gluon Fusion (PGF)
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Leading Order (LO) c»
graph

AG/G from open charm - LIP results fM}s
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silj AP Helicity Asymmetry s
L1

P in the low x;; and low Q? region <
The photon-nucleon interaction is theoretically well explained in 2 regimes:

v’ real photons (Q2=0)

v virtual photons in the perturbative region Q%> 1 GeV?/c 2

In the region 0< Q? <1 GeV?/c ?only models exist = they needed to be tested

Advantages:
* high statistics: 90% of the u—N interactions are in Q?< 1 GeV?/c 2
* low xg; region is very interesting - it is the region with very high parton densities

» So far, COMPASS has measured A,° 1
asymmetry for the deuteron target with 3
an increased precision of a factor of 10

w.r.t. previous measurements 0.6

®  COMPASS 2002-04, Q°>1 (GeV/c)?
®  COMPASS 2002-03, Q°<1 (GeVic)®
E143, Q°>1 (GeV/c)®

O E155 Q°>1 (GeVic)
HERMES, all Q°

0.8

X >

SMC, all @° [

0.4

» AP measurements are not at the
same level of precision; COMPASS took 0.2
data in 2007 and 2011 w/ a proton target

0

IIIIII|III|III|III|III

» d & p analyses are complementary  gobi . e i
. . . -4 -3 -2 -1

and allow to discriminate theoretical 10 10 10 10 x |

models
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« CERN has approved DY and DVCS program of the COMPASS-II propo-
sal for the period 2012-2016

* The present setup must be modified to include a hadron absorber and a
dimuon trigger with large angular coverage

* LIP group is strongly involved in the Drell-Yan project

* The DY measurement is planned for 2014 — setup modifications must start
to be prepared immediately, including equipments/detectors and manpower

« COMPASS can become the first experiment to do polarised Drell-Yan,
and check the QCD change predictions in T-odd TMDs



§!i“ TMD Parton Distribution Functions @

LIP
Transverse Momentum Dependent
(TMD) PDFs give us a dynamic pic-
ture of the nucleon spin dynamics.

In LO and if k; of quarks is not neglected,

8 PDFs are needed to fully describe the
nucleon.
TMDs approach is valid when

Q> qr 2 Agep
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In COMPASS TMD PDFs are
accessed by measuring azimuthal
asymmetries, in 2 ways:

»SIDIS

The spin asymmetry is proportional to

PDF & FF: 1(1)
Ac; X Zq egflT (m)Dé”(Z)
Sivers Zq egfl (CB)D(?(Z)

> Drell-Yan

The spin asymmet IS proportional to
PDFgeom@PDF+ . If unpolarised beam
and transversely polarised target:

| >, €2 Fig(@n) fiD) (22)
ASwers X 2 Zq egflq(ml)hq(wz)




Bl CcoMPASS DRELL-YAN Program @2
L1 P As Sivers and Boer-Mulders are T-odd PDFs: N

Sivers: | fiz(DY) = — fi:(SIDIS) v'An important test of non-

v ~ pertubative QCD and of TMDs
Boer-Mulders: | h; (DY) = —h{ (SIDIS) approach

Collisions of =@ 190 GeV/c on NH3 transversely polarised target give access
to 4 azimuthal modulations related to Boer-Mulders, Sivers, pretzelosity and
transversity PDFs
o 1
X
0.8f kg e All 4 asymmetries predicted to be sizable in
u DY 4.0 -9.0 GeV/c
'’ the valence quarks region.

070
_ Accapi e COMPASS acceptance is very favorable:
2, > 0.05.

e Study Drell-Yanin 4 < M, < 9 GeV/c?,
where background is negligible.

0.6;—
0.5;
0.4;
0.3;—
0.2
0.1} e TMD approach validity guaranteed by
%01702703704 05 06 07 08 09 1 My > p7l* ~ 1 GeV.

Short Drell-Yan beam tests performed in 2007, 2008 and 2009 have shown the feasibility of
the Drell-Yan measurement in COMPASS.
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I,;“ Full LIP Responsibility — DCS \
Detector Control System
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Target, Silicon Wiener VME || Temp., Hum. S CAEN CEDARs,
[ECALS][Cryo. system ][Gas Flow][Crates and LV][and Pressure][ Y, ][ Sisqnetic Lisios :||, PPN ][HV and LVJ[Beam Counters} Devices
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Full LIP Responsibility — DCS *
COMPASS DCS User Interface

on_1: DCSPanel <@pcco

DETECTOR CONTROL SYSTEM Ex

20:29:47 Sunday 26.06.2011

[FALABME kv |pe |tme | obiect akert text [vave [ack [aet
All alarms Sun 26 Jun 2011 07:31:09 PM St_Hv_DI12_05U1_6mm_2 [TripStat Trip TRUE
——— Sun 26 Jun 2011 07:31.09 P St_Hv_DI12_05U1_6mm_3: ILimREror Trip TRUE
Maskad alarms |E" 1180 Sun 26 Jun 2011 07:31:57 PM_St_Hv_DIDS_02X2_6mm_1_Saleve: OnAlrm BAD STATE TRUE
{E" |80 Sun 26 Jun 2011 07:31:57 PM_St_Hv_DIDS_02X2_6mm_1_Saleve: On BAD STATE FALSE
I s.n 25 0un 201107:31:58 PM_St_Hv_DIDS_02X2_6mm_1_Sakeve: ITripStat Trip TRUE

HLO4 HLOS

HIDS

- o (]

HMOS

T6 head | Be S00x80x3 mm3

ECaR
DONT CHANGE
ELEMENTS BELOW!
Beam file loaded

M2A.062 LONGIT_200GeV

w2
GEM1-10centres|OFF
DC centres INACTIVE
SM1 o
SM2 onN

Tamgetsolenod |ON

Target dipole

e
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COMPASS DCS - new features

2010-2012

B
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Polarized DAQ Beam line | Trigger rates | Calorimeters General
target monitoring | monitoring monitoring monitoring experimental
monitoring status
DIP X X
mySQL/Oracle X X X
CONTROL X X X X X
script(s)
ELMB X
DIM X
S7 X




C full deuteron statistics
3= | © HERMES PRD71(2005) Y
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As from charged kaon asymmetry

4~ | ® COMPASS preliminary,
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From the first moment of g, and
semi-inclusive asymmetries, we
extract the As contribution to the

nucleon spin :

As (inclusive) = -0.045 £ 0.005 + 0.010
As (SIDIS) =-0.01 £ 0.01 £ 0.01



