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A Experiéncia COMPASS
no SPS do CERN

A estrutura do protao e o seu spin




;ﬂn fon
(6 types of quarks: up, down, —
charm, strange, top and bottom)

No nucleo dos atomos o0s nucledes - protdes e neutroes -
sao constituidos de quarks ligados entre si por gludes



E 0 que € 0 Spin ?

As particulas constituintes da matéria - elementares
(ex: quarks, electrdes...) ou com estrutura (ex: protao,
neutrdo...) tém diferentes caracteristicas.

Exemplos:

 Massa
e Spin —esta caracteristica

corresponde ao movimento
rotacional intrinseco

Uma analogia classicado spin dos
nucledes (protdes e neutrdes) e
como se fosse um piao a girar




i Qual é o valor do Spin
P dos nucledes ?

1
o

o

s S

O Spin dos protoes (neutroes) = 1/2

E de onde provém ?

Sendo os nucledes constituidos por
guarks e gludes, entédo o spin total sera
A soma dos spins de cada um deles

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

[

spin spin dos mom. ang.
dos quarks gludes orbital



s

A “Crise” do Spin
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A primeiravez que se mediu o spin do con-
junto dos 3 quarks dos nucledes foil nos
anos 80 — pela experiéncia EMC do CERN

E o resultado foi: apenas 0.15 !!

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

[

spin spin dos mom. ang.
dos quarks gludes orbital

Um dos objectivos da experiéncia COMPASS do CERN é
0 de medir a contribuicao dos gludes para o spin dos
nucledes
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Recentementeo
programade Drell-
Yan de COMPASS-I|

atraiu:
2 labs USA
1 de Taiwan

COMPASS é uma colaboracao de cerca de
230 fisicos, de 30 institutos e 12 paises.
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Gluon Polarisation — LIP results @
High-p; Analysis, Q2> 1 GeV? <

COMPASS is the first experiment

In helicity asymmetries measurement oroviding measurement of AG/G in

with 2 high-p; hadron events, 3 pro-
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We are developing a new method of AG/G extraction from all pr sample

= expected AG/G error reduction by a factorof 1.5—- 1.8
= easier way to deal with systematics
= allows tests of the MC models used in the analysis



AG/G from open charm - LIP results =
(First world NLO analysis)
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sifl] A.P Helicity Asymmetry e
L1 P in the low xg; and low Q? region &

The photon-nucleon interaction is theoretically well explained in 2 regimes:
v’ real photons (Q?=0)
v  virtual photons in the perturbative region Q2> 1 GeV?/c 2

In the region 0< Q2 <1 GeV?/c 2 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,d 1
asymmetry for the deuteron target with o
an increased precision of a factor of 10

W.r.t. previous measurements 0.6

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

O E155 Q°>1 (GeVic)
A HERMES, all Q°

0.8

SMC, all Q°

04

» AP measurements are not at the
same level of precision; COMPASS took 0.2

data in 2007 and 2011 w/ a proton target 0 5 . r;‘;(,@;xg?i o ‘
WW . l

» d & p analyses are complementary _gab. . ol o ol s
. . . -4 -3 2 -1

and allow to discriminate theoretical 10 10 10 10 x |

models
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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

\
nucleon NUCLEON
unpolarized longitudinally pol. transversely pol.
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S8l TMD Parton Distribution Functions @
LI P

In COMPASS TMD PDFs are
accessed by measuring azimuthal
asymmetries, in 2 ways:

»SIDIS

P

The spin asymmetry is pr§ Xortional to
PDF & FF:

>, e2fin ) (z)Dl(z)
>, 2f1@) D} (2)

ASivETs X

»Drell-Yan

The spin asymmetry IS proportional to
PDFgeam@PDF,. If unpolarised beam
and transversely polarised target:

Zq nglq(xl)ff_jg;)(:r?)

ASivers x 2 Eq egflq(ﬁl)flq($2)




8l COMPASSDRELL-YAN Program (&2
LI P

As Sivers and Boer-Mulders are T-odd PDFs: \'J

Sivers: | fi (DY) = — fi+-(SIDIS) v'/An important test of non-
pertubative QCD and of TMDs
Boer-Mulders: | hi- (DY) = —hi-(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¢

o9f .  beam 190 GeVic e All 4 asymmetries predicted to be sizable in
B DY 4.0-9.0 GeV/c .

= the valence quarks region.

0.7
doivts e COMPASS acceptance is very favorable:

z, > 0.05.

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

0.6
0.52
0.4
0.3F

0.2

0.1

e TMD approach validity guaranteed by

—lllllll|||l|||| 111 111 L1l 1Y 111 111 .‘|||
% 0102 03 04 05 06 07 0.8 09 1 My, > p,ﬁlﬂu ~ 1 GeV.
xT[

Short Drell-Yan beam tests performed in 2007, 2008 and 2009 have shown the feasibility of
the Drell-Yan measurement in COMPASS.



COMPASS DRELL-YAN & LIP @

« 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

tungten beam plug

-

2 cm gap for
vertex detector

x i stainless steel
alumina cone plug
oi

NH3 polarized target
inside solenoid

alumina

* LIP groupis stronglyinvolved 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 experimentto do polarised Drell-Yan,
and check the QCD change predictions in T-odd TMDs



Detector Control System




Full LIP Responsibility — DCS
COMPASS DCS User Interface

DCSPanel <@pccompass07>

DETECTOR CONTROL SYSTEM erator Exit

20:29:47 Sunday 26.06.2011

Ll v |pr Itlne ]oﬁecl akert text lvane |ack [um
All alarms Sun 26 Jun 2011 07:31:08 PM St_Hv_DI12 05U1_6mm_2: ITripStat Trip TRUE
Sun 26 Jun 2011 07:31:.08 PM St_Hv_DI12_05U1_6mm_3: ILimRError Trip TRUE
Maskad alarms 1 80 Sun 26 Jun 2011 07:31:57 PM_St_Hv_DID3 02X2 6mm_1_Saleve: OnAlarm BAD STATE TRUE
/E | 80 Sun25.un201107:31:57 PM St Hv_DIDS_02X2 6mm_1_Sakeve: On BAD STATE FALSE
Sun 26 Jun 2011 07:31:58 PM St_Hv_DID9_02X2_6mm_1_Sakeve: [TripStat Trip TRUE

HLO4 HLOS
HMD4

HCan

T6 head | Be 500x80x3 mm3

DONT CHANGE
ELEMENTS BELOW!
Beam file loaded

| M24.052 LONGIT_200GeV

ECan
H2
SMe
HOO03
MWPC
Fwal
wn

GEM1-10 centres|OFF

DC centres INACTIVE

SM1 |on
SM2 ON

Tamgetsolenoid |ON

Targetdipole
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As from charged kaon asymmetry &
oo [ 85 _po, (e _pe)@/s
0.3~ | © HERMES PRD71(2005) f s : 1 " a—4/5
e 2R,, + 2R
il 5 | * + a="ur T Rsr Q=u+u+d+d
c ' b (# +'T “[* 3RUF +2
°E ! e 9 . ID? (z)dz . IDE (2)dz
i ] T [DK@dz " [DY (2)dz
'0‘2:_— \ _l_
BT T | X]
oy TR e e From the first moment of g,% and
= vk || # | | semi-inclusive asymmetries, we
- L 2 o] . .
of I I i ¢ | 941 o extract the As contribution to the
- | ' N
N F | % nucleon spin :
- “ T~ As (inclusive) = —0.045 + 0.005 + 0.010
- ﬁ o FitofA,, AT, AT, A A As (SIDIS) = —0.01 % 0.01 % 0.01

P | 1 1 S (LY | T VA Tl |

-2 -1 L
10 10 X






Up to now, RICH detector is a FULL responsibility of the big TRIESTE Group

This group has very good expertise in RICH physics and technology. Trieste laboratory has an important
workshop and manpower (engineers and technicians) = workshop needs to work steadily

So, Trieste proposed to the COMPASS Technical Board a RICHupgrade with ThGEM (under RD51 studies). The
projectis feasible and so accepted inthis board. At that time, no contribution of the Collaborationwas asked.

Some months later, with the financial Italy crisis, the RICH-COMPASS leader (which is also the INFN Director),

tried to find other groups which could share the ThGEM upgrade expenses. -

However RICH is NOT used in the Physics Programs of 2012-2016: 1200
* NOT used in Primakoff studies (2012) 1:33
* NOT used in Drell-Yan studies (2014) £00
* NOT used in Deep Virtual Compton Scattering studies (2015-2016) 400
» could be used in Deep Virtual Meson Production, but: 200}
» clear signal with low background presentwithout RICH usage 83 S EETE T 0E T 12

» pbackground level further reduced by RPD m,, [GeV/c’]

* will be used for studies of strange quark fragmentation but, studies are not limited by the eff|C|ency or purity
of RICH, and kaons only with momentum between 10-50 GeV can be identified = limiting factor

RICH eventually will be used after 2016, in the physics program not yet fully specified and still not accepted by the
COMPASS Collaborationand CERN

In the Physics Program of 2012-2016, LIP-Lisbonneeds specific budgetto participate in the building effort
of COMPASS-llupgrade spectrometer :

v' DY spectrometerupgrade (absorber & trigger) (to cover part of the expenses = 36 K€)

v’ Detector Control System ofthe new detectors (DCS supportcosts more than 70 K€ per year)

Due to current difficult economical situation, we suggest:
<~ to concentrate Portuguese efforts on the Drell-Yan project, as already a lot of effort and money was spent there
<> to postpone the participation in RICH upgrade program until more details of the physics program are known



Currently COMPASSLIP group is heavily involvedin the future Drell-
Yan program
v measurementis acceptedby CERN and should take place in 2014
v' current work forceis 3 seniors, 1 PHD and 1 master student fully
dedicated to this program
v a work of 10 personx year was already involved in this program
v next year the group will be further reinforced by two post-docs
v more detectorrelated expenses are needed since COMPASS
spectrometer needs upgrade for CERN approved data taking period
2012-2016
v LIP-Lisbonis assumed to cover part of these expenses



The g4(x) Structure Function

2 0.03F
o E | ® COMPASS
R(x,Q%) =0, /o, ‘bzo.ozs? # SMC J }h {
~ 05 % oof
S l i
% F 3 { .
g M3 e ‘}
u : i ¢ 1
U
E & ——men
ol 0010 1 100l ! ......I_ . Lo

10? 10" x

DIS 2009, 26 — 30 April, Madrid, Spain H. Santos (helena@lip.pt)



Why Nucleon (Spin)-structure?

Nucleon is more complex P
as we had anticipated.. £ down quark
o7 slrange quark
2. X zOS’ > X =~0.5 (0 antiquark
q 9 <, guon
/" spin1/2
qa > qU * spinl
AQg, AQy ?

<SZN>=%=Jq+Jg

MC:
AT +Lo+ AGE L AZ=0124020
CompasSSS0E0E0ND
HERMES — pext generation _

XZ=AU+AT+Ad+Ad +AS+AS



