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COMPASS 2007 trunsverse proton data (part)
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no evidence for relevant
nuclear effects (160 GeV)



Spin structure, Gluon
polarization

Flavor decomposition
Transversit

COMPASS - II (2012 — 2017)

Pion polllériza
Diffractive and Central
production

Light meson spectroscop




= Spin structure = Hadron spe

= P, dpolarized target (L & T) = Small LH, or nuclear targets

COMPASS - I (2012—2015; ——

Reconfigurable target region - versatile experimental setup!




muon beam deuteron (6LiD)
polarised target

2002
2003
2004

L/T target polarisation

2006

L target polarisation

proton (NHy)
polarised target

2007

L /T target polarisation

hadron LH target

2008
2009

muon beam  proton (NH,)
polarised target

2010

T target polarisation

2011

L target polarisation

Hadron Ni target

2012

muon beam LH2 target

2012

Pilot DVCS & unpol.
SIDIS

muon beam: 160 GeV/c longitudinal polarisation -80%
intensity  2-108 p*/spill (4.8s/16.2s)







helicity

SNll/

L =—=—AX+AG+LI+18 NR limit
h 2 2 “ [boost, rotat.]=0




transversity

pretzelosity

@ : Sivers
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worm-gear L helicity

® O R s

Boer-Mulders worm-gear T

-O-b nucleon with transverse or longitudinal spin s T
T

O @ parton with transverse or longitudinal spin
- parton transverse momentum

Proton goes out of the screen. Photon goes into the screen k;, — intrinsic transverse momentum of the quark




\ AT

sin @ x (28(1 +&)AL" ) +

sin(g, — @) x (AG:I(("“_%)) +
S, | sin(g, + @) x (gAji?“"“%)) +




GTMDs ¢: fraction of longitudinal momentum transver

x: average fraction of quark

longitudinal momentum A, :: average transverse momentum transfer

k,: average quark transverse




the Nucleon




A. Ivanov and A.S. Nunes

Ag/g

2006 A% < 0)

d d
2007 g1 (x), J g1 (x)dx
2008 Ah+‘ )
2009 Ay g, AT, A%,
2010 g¥ (x), f g (x)dx
2010 Ava 1d'A

Al,p' 1p,A

2013 Azn
2013 AN

AY = Z(Aq + A7)

Au, + Ad,,

Au, + Ad,,, Ati + Ad, As(= AS)

194/ 9v]

Au, Ad, Ati, Ad, Ad, As, AS

Ag/g
Ag/g in LO and NLO




N
~ A2 = 0.30 £ 0.01 £ 0.02

Ag/g
Ag/g (x~0.13) = —0.06 + 0.
Open Charm

Ag/g (x~0.09) = +0.12 + 0.06 + 0.06 LO
' 02>1 (GeV/c)?
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LO analysis of deuteron data of COMPASS, @?=3 GeV?

e K* asymmetries from deuteron data

—— LSS06 (DIS)
—— LSS10 {DSS FFs)
——— L8811 (HKNS FFs)

_ _ 7 _ 2Ryr+2RgsF
.Q_u_l_u_l_d_l_d'a_ 3Ry Fp+2

o fDéf—i_(z)dz
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N. du Fresne

ddoh dedQ?dz 3, €2(q(z, Q*) D) (2) + q(z,Q*) D} (2))
Mh(ﬂb Qz, z) = d2ch-’S/dde2 = Zq Eg(q(x, Q2) + Q(z, Q2))

. . +
COMPASS Preliminary COMPASS Preliminary 7

IK+

1/N°S dN'/dz

DSS & MRST
KRE & MRST




the Nucleon




F. Bradamante

2005 ASw @ Aora First 5LiD data
2006 ASw dr ACOl d Full 5LiD statistics
nt kKt K? nt Kt K 6| i -
2009 Agra " Acora Full °LiD statistics
2010 At AR 2007 NH, data
2012 ASRaRS, AS RS Full 8LiD and NH,statistics
2012 ASwp,ACOlp Full NHgstatistics
2012 L5(Bp=95) sin(dp-¢s) Excl6u§ive p° production— Full
UT,d S UTp LiD and NHstatistics
2013 dn"/(dN#dz dp?) Unpolarized multiplicities on d

P. Sznajder




We propose to measure in semi-inclusive DIS on transversely polarised proton and deu-
terium targets the transverse spin distribution functions Apg(x) = g(z) — ¢|(z), where
1 (]) indicates a quark polarisation parallel (antiparallel) to the transverse polarisation
of the nucleon. Hadron identification allows to tag the quark flavour.

© The measurement of the Sivers PDF was
added in the program soon after ... the othe




COMPASS

Sivers Asymmetry

Sivers: correlates nucleon spin & quark transverse momentum k. /T-ODD
at LO: 2 ¢1 h
- 248 fqu@)Dq

Siv 2 h

2q e,d®D,

The Sivers PDF

1992 | Sivers proposes fif,

up' - pXh*

1993 | J. Collins proofs fi7, = 0 for T invariance

2002 | S. Brodsky, Hwang and Schmidt demonstrate
that fi7, may be # 0 due to FSI

2002 | J. Collins shows that(fik,) = —(fikq),,, o

2004 | HERMES on p: A%, # 0 and A%, = 0

2004 | COMPASS on d: A%, = 0 and A%, = 0
2008 | COMPASS on p: A%, # 0 and AT, = 0
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an intriguing consequence of the local color gauge invariance of the strong
Interaction and the corresponding non-trivial gauge-link structures.




= unpolarize

- DVCS




O. Denisov

Cross sections:
In SIDIS: convolution of a TMD with a fragmentation function
_ : DY
In DY: convolution of 2 TMDs el f © fu|p

- complementary information and universality test



sin @g % (D[l] A+ D[cosz o] -
Sln(¢ e ¢S) X (D[sin 29:| A.Sli'll'l(¢_¢8)) +

)

Sll’l((ﬁ o gDS) 2 (D[sinZé’] A\ji;'l(w-'-(os ) +

Collins-Soper frame (of virtual photon)
0, @ lepton plane wrt hadron plane
target rest frame

(pg target transverse spin vector /virtual photon

=> Access to TMDs for inco
pion & target nucleon




T-odd character of the Boer-Mulders and Sivers functions

In order not to be forced to vanish by time-reversal invariance
the SSA requires an interaction phase generated by
a rescattering of the struck parton in the field of the hadron remnant

*
AT

final state interactions

after hard em-scattering
Juture-pointing Wilson-line

inifial state interactions
before hard em-scattering
past-pointing Wilson-line

these functions are process dependent, they change sign to provide the gauge invariance



Q¢ vs. x at COMPASS

Drell-Yan (MC)

SIDIS (2010 proton data)

‘qﬂﬂlﬂ_“i“
N ’ IJJ

‘.g‘--";!i

The phase spaces of the two processes overlap at COMPASS
=» Consistent extraction of TMD DPFs in the same region



Intrinsic k; of the quar
The Boer-Mulders PDF

These are difficult measurements were one has to correct for the apparatus
acceptance

e COMPASS has
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COMPASS LD (25% of 2004 data) preliminary

bol e
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=» many data collected and still to be collected in SIDIS with GPD program
JNRS-12/10/2013 DSPIN2013 a1



2 Measurements of unpolarised PDFs and TMD effects in SIDIS
2.1 Strange quark distribution function and quark fragmentation functions

2.1.1 Strange quark distribution function
2.1.2  Quark fragmentation functions

2.1.3  Expected statistical precision
2.2 Transverse-momentum-dependent effects in SLDIS

positive hadrons
o COMPASS 2004 deuteron prelim.
0 COMPASS proj. 1 week

negative hadrons
o COMPASS 2004 deuteron prelim.
o COMPASS proj. 1 week
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102 10"

1072

bz oe b g
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positive hadrons
e COMPASS 2004 deuteron prelim.
0 COMPASS proj. 1 week

| T

0 COMPASS proj. 1 week

negative hadrons
o COMPASS 2004 deuteron prelim.

1072 10

102 10"




A. Sandacz

Deep Inelastic Scattering Deeply Virtual Compton Scattering

Hp—> Wp’y

N

S & GPDs

/

Partons distributions q(x)

P P, b

Generalized Partons Distrib.




COMPASS 160 GeV
HERMES 27 GeV
JLab 11 GeV

ZEUS +H1 CO”Id/

COMPASS unique for GPDs

e

» Explore the interm









heeply Virtual Compton Scatternng

)

— AeeBH DV A DV
O upsupy = o=+ doPVes ), + GOPVES

abBH %ADVCS + aBH Im ADPVCS

Phase 1: the transverse imaging

with u+i’, u’T beam + unpolarized 2.5m long LH2 (proton)
target

Scsuy=dou™) + dou’) cdo™ +do)/T +K-s/"sing

unpol

do PVCS [t  ~ exp(-B[t|)




do [dt ~ exp(-Blt|)

2 years of data
160 GeV muon beam
2.5m LH, target

ngw =10%

with 40 weeks in 2015-16 ansatz at small xg

¢ o .+ inspired by

with ECAL1+2

. . Regge Phenomenology:
« COMPASS <Q'> =2GeV’ 218 gy

280 days at 160 GeV

3 ® @ @ B(xg) = by + 2 @’ In(Xy/Xp)
with ECALO+1+2 _
o’ slope of Regge traject




% DEEPIY Virtual Compton scattenng

— CS

aBH gg ADVCS + aBH Im

Phase 1: DVCS experiment to constrain GPD H

with p+¢, p‘T beam + unpolarized 2.5m long LH2 (proton) target
q)CS,U = JO'CU +¢) - ch'CU'O o B:Int +Clnt COS¢ and C(;T ~ R@(F;}l)
Scsu = dou™) + dou-) lda®™ +c2V + K -s"singand ™ ~Im(F,H)

Note: dominance of at COMPASS kinematics

ImH (&)= H(x=EE1)

Re H (&)= P dx H(x.t) = P dx Hx,x,t) + D(t)
X-§ XE




Summary ior GPD @ COMPASS

GPDs investigated with Hard Exclusive Photon and Meson Production

COMPASS-II 2016-17:

v the t-slope of the DVCS and HEMP cross section
v the Beam Charge and Spin Sum and Difference

v Vector Meson p°,p*,®, O
v’ Pseudo-saclar r°

Using the 2007-10 data:

JINR 8-12/10/2013 DSPIN 2013



physics item key aspects of the measurement

Hadron glueballs 280 GeV beam, higher intensity, &, K and p separation

transversely polarized proton target

with same accuracy as hj transversely polarized deuteron target
fll evolution 100 GeV and transversely polarized proton target
universality of TMD PDFs | higher statistics with transversely polarized proton target
flavor separation transversely polarized deuteron target
test of the Lam-Tung relation hydrogen target
EMC effect in DY different nuclear targets
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