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COMPASS at CERN

Fixed target
Secondary 200 GeV muon and hadron beams from CERN SPS

- Multipurpose setup

Polarized muon beam Hadron beam /K /p
& polarized target: d, p & LH, or nuclei

Nucleon spin structure Meson spectroscopy
- n, K polarisabilities

Future:
GPDs from DVCS
TMDs from Polarized
Drell-Yan
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Polarized
target

lz »M
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NIMA 577 (2007) 455
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Nucleon spin

How is the nucleon spin distributed among its constituents?

Nucleon Spin 1= 1,A> + AG + L

quark gluon orbital momentum

Az:sumoveru,d,s,u,d,s AQ =Q-0
Parton spin parallel or anti

can take any value: superposition of several states :
parallel to nucleon spin

( Past:
Theory: QPM estimations, with relativistic effects AX ~ 0.6
| Experiment: “Spin crisis” in 1988, when EMC measured a,=AX=0.12+0.17
MS scheme
 Today:
Precise world data on polarized DIS 0, +SU(3) a,=AX~0.3

(_First results from Lattice QCD on AX,, and L4

Large experimental effort on AG measurement
also because a,= AX —n; (o /21) AG (AB scheme)
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Three ways to study gluon spin contribution AG

1. L?ﬁton Nucleon \ {ﬁ’oton Proton coIIisions\

Photon Gluon Fusion Gluon-Quark + Gluon-Gluon +...
| SIS s
P q
, ; AG Agq AG y AG +
G ¢ G G
o
AGIG(x) AL (Pr)

QMC, HERMES, COMPASS/ KRHIC : PHENIX & STAR/

3. QCD Q? evolution of spin structure function g,(x,Q?):
Indirect determination assuming a functional form AG(x).
Global fits include polarized DIS, SIDIS and pp data
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1. AG/G from Iepton scatterlng

R

Photon Gluon Fusion (PGF) process

Asymmetry of cross sections for longitudinal polarizations % g
of beam and target, parallel and antiparallel

=

2 q
ALL - RPGF <aLL> <AG/G> + Abackground
Fractionof  Analyzing power T _
process
79 —>4qg
Two signatures for PGF:
1/ qg=c opencharm c> D> K= COMPASS :1 point
Clean signature of PGF
Limited statistics & large combinatorial background
2/ g=u,d,s high prhadron pair q@=>hh COMPASS : 4 points
High statistics + HERMES &SMC

Physical background
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AG/G at LO : SMC, HERMES and COMPASS

High p; hadrons: Q%~3
with model for physical
background

Open charm: Q%=13

—_—
O

LSS10, AG~ + 0.32
~—| LSS10, AG~ - 0.33 atQ2=4

DSSV, AG=0.02 i goeg

1 - | ] COMPASS, high p, @°>1 (GeV/c)’, 0206
) 0.8 @  COMPASS, high p,, Q<1 (GeV/c)’, 02-04
0.6 Y  COMPASS, Open Charm, all &, 0207 (LG
E O SME, high p_, @*>1 (GeVic)?
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0 e — T—r% -
0.2 |
0.4
-0.6—
-0.8—
1 | | L1 1 1 I| | |
-2 -1
10° 10°

Note that these data are NOT included in global fits of DSSV LSS or NNPDF

o All direct measurements compatible with O or slightly >0

* AG measured only for 0.03<x<0.3

 Contribution to <AG> outside measured x range not excluded
 Results disfavour absolute value of the integral >~ 0.3

using RHIC pp data, which give

DSSV: De Florian, Sassot, Stratmann, Vogelsang

l.e. £ 60% of the %2 nucleon spin

Results are in agreement with the latest fits NNPDF and DSSV++,

AG ~0.05t0 0.15 for 0.05<x<0.2

F. Kunne

LSS: Leader, Sidorov, Stamenov
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AG/G from hadron prod. in DIS (all-pq)

New: see M. Stolarski talk at DIS-2014 (last week)

New COMPASS results (better precision)
AG/G extracted at LO, in 3 x-bins

0.6
g [«  COMPASS,allp_LO, Q*=1 (GeVic), prel., 2002-06
<] - AG=0
D4 —— AG<0 COMPASS NLO QCD fit, prel.
- AG node .
- total uncertainty =~ | 3solutions from
0.2 ' COMPASS NLO QCD fit of g,
- B world data (discussed later)
0 e
e e
: TR, e o S — <
02—
044 ' .
102 10 y
g

Uncertainty on AG/G could be reduced if these results
could be included in NLO fits
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A G/G at NLO : charm channel

The only channel for which the analyzing power a,, is calculated at NLO.

a,, distribution shifted in x = Induces a change in <AG>, but also in the
relative weight of events, hence a change in <x>

0.8
| Q*=13 (GeVic)* |
(@)) 06 | * COMPASS open charm
— " | =——— COMPASS (Ag>0)
(o) [ | =— = comPAss (ag<0)
< ou e DSSV
O | =mnm- LSS (Ag>0)
| v LSS (Ag sign changing)
0.2—
0___;7;_'_:_'_'_“:_':.;::"_'.'_'.-.'. e ‘ AT
-0.2 . {
04— COMPASS PRD87(2013)052018
| L
107 107

Value of AG still compatible with zero; higher <x > measured
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AG from high p+ hadron photo production

* Measure spin asymmetry A,  (p;)
Method ‘a la RHIC’: No direct extraction of AG - no model needed

« Compare to theoretical calculations with various assumptions for AG(Xx),

All processes taken into account: yg (PGF)
v0 (QCD Compton) and all resolved y.

First step: check agreement theory/experiment for unpolarized cross section

Stratmann, Jager, Vogelsang, EPJC 44(2005) 533
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AG from A, (p+) high p+ hadron photo production

COMPASS absolute cross-section measurement zd = 4 h*-X

Compared to pQCD calculation with resummation ‘all orders’
(soft gluons, leading logs; available for cross section, in progress for polarized case)

pt4d—pt +hE 4 X

1()‘3 T T | T | T |:
LO p= 2,2 [T 3 i .
E NLQ L= brjsder DL 3 De Florian, Pfeuffer; Schaeffer,

resum :pT/2,2€6 % 7 Vogelsang, PRD 88 (2013)

COMPASS, PRD 88 (2013) 091101

--- Resummation

[ COMPASS Q*<0.1 --NLO
= s =17GeV --- LO
C n € [—0.10 : 2.38] ’
—3 | I | 1 | ! | —_— 1
10 : > : .- Bands= scale uncertainty
pr (GeV/c)

Data / theory in agreement over 4 orders of magnitude
-> Settles the theory framework for AG from high p; events at this scale

Next step : Spin asymmetries A, | (p;) for same events (next slide)
To be compared to calculations with AG hypotheses
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AG from A, (p7) high p+ hadron photo production

COMPASS preliminary results for the spin asymmetry A  (p+)

Deuteron
A (P)T COMPASS
LL T [ Deuteron
{:.’ ob b T B
0025508 1 12 14 16 18 2 ‘
pT(GeV/c) ]

Predictions

Jager (2005), NLO only. ;
In red: COMPASS proj? 3

o1 f

Need full calculation with resummations before concluding

0 [

0.3

0.2

0.1

o h,p
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'std. Ag' 1
3 Ag=g ]
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Proton
: comPAss |°
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R '_l— ------------ o2
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M. Levillain at DI5-2014
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AG from Q< evolution of g,. Global QCD fits

Pol. Deep Inelastic Scattering DIS X lz€2 AG(X) + AT (X
=> spin structure functions g, AT o Gy (X) o 2 q( a(x) +Aq( ))

dg,  —Ag(x,Q?) —> g, as input to global QCD fits for
d Log(Q?) ’ extraction of Aq(x) and AG(x)
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New data from COMPASS 200 GeV : low x and high Q2 Q* (GeVr/c)®
However x and Q2 coverage not yet sufficient for precise AG

Use also constraint from pp data (DSSV) M. Wielfert at DIS-2014
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]
o
<

* oo COMPASS Preliminary

COMPASS NLO pQCD fit of g, world data

e Assume functional forms for AX, AG and AgQNS . Assume SU3
 Use DGLAP equations, relating AX, AG evolutions . Fit world data.

- 3 classes of solutions, AG>0, AG with a node, and AG<0

XAZ XAG

[ COMPASS Preliminary
Q% =3 (GeV/c)

Q% =3 (GeVic)

= 0.5———— -
) ' (-ja:m?,.,;;_:i;:_':--._‘ COMPASS Preliminary
S .

Q%=1 (GeV/c)

COMPASS Preliminary
Q@?=3 (GeVic)

5. COMPASS Preliminary
TN 02=3 (GeVicp

PR PSS R S '
0.24 0.26 0.28 0.3 0.32

-0.15

e Quark spin contribution: 0.26 < AX < 0.34 at Q?=3 (GeV/c)?
Largest uncertainty comes from the bad knowledge of functional forms (for AG(x)).
Result in fair agreement with other global fits, and with Lattice QCD.

» Gluon spin contribution: AG not well constrained, even the sign, using DIS only
Solution with node agrees with result from DSSV++ using RHIC pp data
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Lattice : quark spin and angular momentum

06

contributions to nucleon spin

04|

0.2}

TAzY
x s b - n 2 = . .
| G - & QLd . R
1 ed
_AY
2 o S 2 By % b
I x
0 01 02 03 04 05 06
MS at 4 GeV? mf[GeVz] Ph. Haegler, MENU 2010

* Impressive results from lattice QCD
 Agreement with measurements for quark spin
e Predictions for angular momentum
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Quark helicities per flavor from SIDIS

l_)p_) N lh+/— X Hadron tags quark flavor

(quark fragmentation functions) ;
e
Leading order extraction of quark helicities from spin asymmetries

* COMPASS

PLB693(2010)227, using DSS quark FFs

10 HERMES
PRD71(2005)012003

||E||||||| Ll S _DSSVBINLO

X

PDF

0.05 F

-0.05 |

||'IIIIII| | I|I.IIII
1072 10"

Q2?=3 (GeV/c)?

0.02 |

-0.02 |

-0.04 |

2 -1
10 10 X

 Full flavour separation = x~0.004
e Sea quark distributions ~ zero
» Good agreement with global fits
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Strange quark polarization — As puzzle

* DIS data: Integral of As is extracted from the integral of g, using two other
inputs (n and hyperon decay) & SU(3)

> |As+As=0.08
* SIDIS data: As(x) measured from kaon spin asymmetries, using quark
fragmentation functions, in particular Ds¥, (s quark fragmentation into K)

- As(x)=0

Several possible explanations to the discrepancy : COMPASS PLB 683(2010)227

« Uncertainty on Ds¥ oo
of
» Global fits (DSSV, LSS) suggest negative As at low X 02

reconciles the two approaches 0.04]

« SU(3) violation ag from 0.58 to 0.42
> As=-0.02 Bass &Thomas, PLB 684(2010)216

To come: new data on quark fragmentation functions
and dataon As at low x COMPASS 200 GeV
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Quark Fragmentation Functions (FF)

FFs : - Non perturbative, needed to describe various reactions
- Needed to access to strange quark polar. As measured in polar. SIDIS.
strange quark FF= largest uncertainty in this extraction.
Data exist from e*e- and pp reactions, but unsufficient and at too high Q?

Measure multiplicity of &, K, p in SIDIS utd — pth*X
/ &'
PDFs  FFs -
th(X, Qz,Z) qu fq(xa Q2 h(27 QZ
dz  ailo 3, edfe(x, Q2) PO~ x

Input to global QCD analyses to extract quark FF

Fine binning in X, z, Q%
PDFs depend on x, while FFs depend on z.
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nt and T multiplicities vs z in (X,y) bins

COMPASS prelim. DIS-2013 ~ 500 data points for &t
0.004 0.01 0.02 0.03 0.04 0.06 0.10 0.15 0.70
0.10 v X
o 4 +
preliminary ! Tt
= I":. o e _
0.15 [ = — i TC
|
e .
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[ ] ] H ] .
0 z"-.. :"'-. :"'h- 2"I~. :"'In :"l-. I i"'-u
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2 ] - § ] |. . [ o,
i .l I| | .= LB ::. ':_
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2 . . i 0.5 1 05 I
W L} i 1 . |I
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NB- Also measured: kaon multiplicities, 2h multiplicities.

To come soon: k; dependence
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Quark FFs into , from COMPASS fits

N.Dufresnes at DIS-2014 ~ Starting from © multiplicities, extract 2 FFs.

T+ Tt wt T T
Diav = D, = &d =Dy = 7]
A+ xt T T T . Tt — Tt — T
Duwi=Dg =D =D, =Dy And assuming D /" " = D" "= Dq
Z D nt 7 D Tt
N fav -“unfav
HNKS NLO, F a%=3GeV? Q=36eV?
r COMPASS 2006 osf % COMPASS 2006
ME_ preliminary a preliminary
DSS NLO osf e — (|:3CS)I\S/”|D\|A|\_SOS -0
COMPASS LO * BOERG T
N 0af S N T P HNKS NLO
D.2§— ;
-Ug.|....|....|....|....|....|....|T.. 0:
02 0.3 0.4 0.5 06 07 0s
z Z

Next step: Fragmentation functions into kaons DX and DX~
starting from kaon multiplicities
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Results for Bjorken sum rule from g, COMPASS data

Fundamental QCD sum rule, which relates proton and neutron
spin structure functions g;.

Jo (&f(x, Q%) — gf'(x. Q%)) dx = L | &2 | C]'5(Q?)

j gy dx
@u ‘, - COMPASS result
o1 te . * gafromn B decay
0.1 ¢
0.08F Q@
0.08= cOMPASS Preliminary ¢
0.04F- Q° =4 (GeV/c)* .
0.02F °.
R M. Wielfert, DIS-2014

X

- Bjorken sum rule verified
Better statistics and systematics studies compared to previously

(ga/8v)nLo = 1.219 £ 0.052(stat.) + 0.095(syst.)
(ga/gv )L = 1.251 4 0.053(stat.) + 0.097(syst.)
Using NLO result for T¥° and CV® in NNLO

To be compared to: || £2 |=1.269 + 0.002 obtained from neutron [-decay.
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Transverse spin

: 1 ol—aol
Where it all started from... (1978) pp —-mTX === large p;
oT+aol
4.9 GeV 6.6 GeV 19.4 GeV 62.4 GeV
ZGS AGS FNAL RHIC
" PRL 36, 929 (1976) L PRD 65, 092008 (2002) PLB 261, 201 (1991) % PRL 101, 042001 (2008)
sl ’ Ty ﬂ Ty PLB 264, 462 (1891) + 40| BRAHMS
- ¢ 4 @
— n} o1 o 2} S 2} oo 20} ot
= oT .b A. ®
F Of--reeemseen © =~ Of----==- [ YR— b rsiigmsaassam e et
<< o o (0]
20} %’ 20+ o(} 20+ o 20+ o
-40 -40 + % 40 F ¢§ 40 O(}
- '0’.2'0;'016'01{1 e '0121014|0:6I018.1 b I|.'ll4‘.’ltll4l('!i‘élﬁl.si1 - ‘012'0.'4l016|0t8 1
Xg Xg Xe . .. ... X
200 GeV
Unexpected large single spin asymmetry ppT >0 X
Attributed to correlations between nucleon o .
spin, orbital angular momentum, T il o ccas mamcasea e
transverse momentum k; of partons... " S — :
o Ay
0.05;— i;{ji gf ‘F
o?+ ,,,,,,, f":f,ﬁ*?&,f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ENAL E704... and latest RHIC résults
from PHENIX and STAR on n°.

F. Kunne
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Transversity

Three distribution functions are necessary to describe the structure of
the nucleon at LO in the collinear case:

* ((X) : number density or unpolarised distribution
« AQ(X) =93-q95 :longitudinal polarization or helicity distribution

 Aq(x)=qTT-qll :transverse polarization or transversity distribution

All 3 of equal importance

Further distributions exist, Transverse Momentum Dependent (TMD),
revealing correlations between nucleon spin, guark spin and quark
transverse momentum K-.

All measured simultaneously in SIDIS.
Among them, the Sivers function. See talk of H. Avakian
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Transversity- Collins and Sivers asymmetries

« Access via SIDIS, transversely polarized target | | pT — | h*- X

* Measure simultaneously several azimuthal asymmetries, out of which :

Collins: Outgoing hadron direction & quark transverse spin

Sivers: Nucleon spin & guark transverse momentum Ky

at LO: Collins Sivers
. . Usual quark
g transverse spin distr. \ fragmentation
function

Collins »
2 h fragmentation i
Zq eq Q—rq T © Dq function, depends Zq eq
A = N on spin A . =

COII— quéq@Dg

note: A-q also measured in SIDIS using
- “Two hadron” fragmentation function Also accessed in pp
- lambda Transverse Polarization
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Collins asymmetry -> Transversity A-u Ad

N p+ COMPASS « Large signal with proton target.

0090 2007+2010 (Is zero with deuteron target)

« Same signal strength seen by HERMES and
COMPASS, although different Q> (times 4)

Coll

Several combined analyses of polarized SIDIS data
HERMES p, COMPAE)SéS p and d, and BELLE FF

: AT,
= 0.2 F Q2041 GeV?
5 01 FALU
= - — -
< 0N, ————— -
2 [
-0.1 F
107 107" ) 0.1 F
4 . S R ,
* Aju>0and A;d <O S TS S SN
» Do not saturate Sofferbound |g O
« Smaller than helicity 02 F
* Derived also from di-hadron '0'3_001 0.01 0.1 1

(not shown here)

F. Kunne / M. Anselmino et al., BRD87 (2013) 094019 |




Sivers asymmetry =2 Sivers function

Correlation between Nucleon spin & quark transverse momentum k-

o & 0.1 ©® COMPASSk 2007+2010

~ —— Anselmino et al, Eur. Phys. J.
0.05- h*
0 ______________________
—0.05
N III I
oA 0.1k ® COMPASS L 2007+2010
= v — Anselmino et al, Eur. Phvs. J.
O‘Osli/_)_\
S T
—-0.05r
L1l III L1l III
1072 10

COMPASS data X
With Anselmino
et al. global analysis

Large signal with proton target and h+
Was measured to be zero on deuteron

Smaller strength at larger Q?

x ANFD (2, Q)

01 pr .
008 I @204 GeV?
0.06 |

0.04

0.02 |-

-0.02
-0.04 f
-0.06 |

-0.08 } up
down e
-01 )

102 107
M.Anselmino et al.,QNP2012

- u and d quark Sivers function opposite
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Physics with hadron beams
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Physics with hadron beams

n, K, p beams - 200 GeV : broad spectrum in energy transfer t
Charged & neutral channels

Huge statistics

Potential for discovery of small intensity eventual new states

Selected results

« Diffractive processes m p=> T ' Pecoi S€arch for exotic mesons
& hybrids

 Central production p p—=> pK*KTp Search for glueballs

 Pion polarisability 7w Ni =2 7w Niy Chiral PT
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Light mesons

D

Allowed combinations

O=0Q (99)
PC  _ A+ a++ 1—— 0
J = 07,07, 177, +
1t 2t O=0 O=O (47)(47)
. ) i 4+ Molecule / 4 quarks
Forbidden” combinations ONO Dee
JPC — (O [)+_ 1_+ + Hybrids
4 | ’ o
2 )t Glueballs
+ ...
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Diffractive resonance production in mp=2 T T P, ocai

X_

Bachelor

T Isobar model
— Partial waves :
- JPC Me [isobar] L

JPC-exotic mesons
Target Recoil

Partial Wave Analysis (PWA):

Step 1: In (M3, t') bins, 88 PW, (27 with thresholds)
Impose isobar description

Step 2: M3 dependent fits on selected waves,

combined fit of t’ bins
(same mass, width; different background and couplings)

Extract resonance parameters

F. Kunne npQCD -2014, Ubatuba, Sao Paulo, Brazil, 5-10 May 2014— 29



Four Momentum Transfer ' (GeV ™~
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Step 1: PWA In (M, t’) bins

Intensities for 3 major

waves vs M,

t'~0.1
(GeV?/c?)
100 M, bins

t'~0.5

e al as benchmark
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» Possibility of separation of resonant and non resonant content
high statistics & fine binning

F. Kunne
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Step 2 : PWA Mdependent fit, ex: 1**0* p(770)w

11 t’ slices

110" p(770) & S
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Same wave 10"

11 t’ slices
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Diffractive resonance production - conclusion

 Mass dependent PWA of 3n charged channel,

Huge statistics , 50 M events, 10 times more than previous expts
11 t’ bins

» Precise determination of resonance parameters

» Analysis proves the potential for establishing new small waves
with firm grounds

* New a,(1420) - f,(980) n
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Central production p p=2 pK*K—p

e Double Pomeron exchange - glue rich environment
Production of non g-q meson (glueballs, hybrids)
) u—— at central rapidities
o Intensity of S wave Phase S-D
£ sl c?fﬁcsﬂz?g - COMPASS 2009 _ "m COMPASS 2009
i i A "
jot i i w "l
0—3 -2 -1 Q 1 2 3 -H] | I
pK+K-p channel """ Fo

4

Selection of central production " O(1500) s asarx v ntensity of Dwave

Cut on p(pfast) >14O GeV, +f0(1710) lnu‘l“ y

K Id (RICH) :: ) COMPASS 2009
Mass dependent PWA :,

* Preliminary fit requires strong f,(1370) signal 2 (1225 poam it v

« Strong background (non resonant contributions at low mass)
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Ch PT - Pion polarisabilities

Polarisabilities: deviation from pointlike particle

electric (o) and magnetic ()
Predictions from Ch PT:

. B | 4 Or + B = (0.2£0.1)-10"*m°
<%> <13n> ar —Br = (5.74+1.0)-107*m°
e - o = (2.940.5)-10"*m®

A A i A 4 1 A

my
]

Experiments inconclusive:
o, — B, = 4-14 .10*%
assuming (o +p,. =0)

At LO. Compton cross section is proportional to o, — 3.

: ny > mymeasuredvia nZ->mnZy
" Primakoff reaction = on nucleus (Ni)

z
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Charged pion polarisability

Ratio of measured cross-section (Raw Data) to expected cross-section
(Monte Carlo) calculated for point like particle, vs Ey /Ep.

~ A ntrol m rement
T data jvy data control measureme
=12 =12
e L e L
3 r 0=1.9+0.7x10* fm’ ki 0.=0.64 + 0.52 x 10" fm’
31.1_— 311_ 1
Q C ]
= g +
== R _|_+ ‘I‘ 5 1_|_—|—_|_—|—_|_ + _1_|+
S S T “ T + A T
- + 1 - +
09 0l +
D.B_— {J.B_—
C ¥2/INDF=23.1/18 C 1*INDF=36/18
C fit prob=0.186 . 7:_ fit prob=0.00702
07— X
C 59562 RD event: ; 61086 RD events
412326 MC evenis | | pob ., Z0AfezMCevents 1
0'8_4 L1 1 05 {Ja L1 07 I R | 08 I R | 35 L1 -8_4 05 06 07 0.8 xr:[]_E'fEm

o —B.= (3.8 +1.4) x 104 fm3

o =(1.9+£0.7)x 104 fm3 (assuming o+, =0)

T

COMPASS prelim. result :
In agreement with ChPT expectation,
does not confirm other dedicated measurements
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Radiative widths of a, and m,

Theory: Values (keV)
e I'(ay(1320) - my)

- VMD model: 375+ 50

- Relativistic quark model: 324

- Covariant oscillator quark model :235—-237
e I'(m,(1670) » my)
- Covariant oscillator quark model :335 —521

Previous experiments:
e I'(a,(1320) - my)

08F

— May et al. 460 +£110
- E272: 265 + 60
— SELEX 284425 + 25 _
- First measurement for =,
COMPASS results: T 14 ;1;):1 £ ISTn COMPASS 2004
+ T(a,(1320) - ) Bs8r6+42 | It TLUTT
e TI'(m,(1670) - my) 181 + 11 + 27 (0.56/BR ¢2,) ER

0.6F

o f

T I AT N I T ) ‘iﬁ*+ft+»
06 08 1 12 14 16 18 2 22 24
m;, [GeV/e?]

COMPASS, EPJA, May 2014, Highlights
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COMPASS future 2015-2018:

e TMDs (Transverse Momentum
Dependent distributions)

via spin dependent Drell-Yan

e GPDs (Generalized Parton Distributions)
via Deep Virtual Compton Scattering

e PDFs and FFs strange quarks
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COMPASS Future : Polarized Drell-Yan

Polarized Drell-Yan 1 pT — p'uX
- TMDs, Sivers & Boer-Mulders

Drell-Yan: TMD x TMD
SIDIS: TMD x FF

- Fundamental test of universality of TMDs
Expect change of sign in Drell-Yan vs SIDIS

SIDIS

Final State Interactions

Initial State Interactions

Pion induced Drell-Yan:
« 7 as alternative probe to test nuclear models and meson structure

(not accessible in DIS)
» flavor dependence (specific g-gbar compound)
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Sivers, Boer-Mulders... via Polarized Drell-Yan

A15in ¢g A COS2¢
. 4.'_1'1" *4U

cos 26

0BT wat

Examples of COMPASS projections f \

In mass region above J/\|j peak: """" foooeeoe - e
4 azimuthal asymmetries

sin (20 +9.) A (20-0)

(SN(26+5) . 4sin(26—ds)
A CAL

||||||||
nnnnnnnnnnnnnnnnnnnnn

o Will probe 3 TMDs: Sivers, Boer-Mulders and Pretzelosity, in
overlapping kinematic region for Drell-Yan and SIDIS

 Needed to test the change of sign, and check magnitude of signals.
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Generalized parton distributions

v %j o Study correlation between longitudinal
wa s/ \xmt quark momentum and transverse position
"‘@" Deep virtual Compton scattering (DVCS)
P AT A process which interferes with Bethe-Heitler(BH)

- Can be studied in the interference regime (Jlab and
COMPASS) and at high energy where BH smaller (COMPASS)

X, € : quark momentum fraction

t : transfer to proton

H(x,&,t) : Gen. Parton distribution
Also accessible via Hard Exclusive Meson
—> flavor decomposition

Should also compare first moments to lattice QCD
Link to angular momentum Jl sum rule:

For a quark f: J=Z ||mf dx x [H'(x.&,t) +E'(x.£,1)]

t—0

GPD H : accessible with unpolarized H target < K of HM ;
GPD E : transversely polarized target ee talk of H.Moutarde
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DVCS ex: Projection for t-slope

LpPp—upy x dependence of transverse size of the nucleon

obV&S/dt ~ expBltl B(xg) = Y% <r 2(xg) >
singler plon valence
quarks. gluons ¢+ cloud y. quarks o
=] - R - :
_._,—F'-Ft H—"Q/ﬁ _—F"ﬂd_(f E 6 __ llllll i llllllllll # |||||||||||||||||||||||||||||||||||
44—
i . ZEUS <Q > =32GeV’
| + HI-HERAT <Q = =-1Ge\-":
. | 2 « HI-HERATNl <Q’> =8GeV~
« COMPASS <@'> =2GeV’ |
0 280
+ ® o ® o
> [ with ECALO+1+2

_/_".i"-/-’ / i - sl L Lol L i "
_H_,-r" s 0™ 107 107 w0 Xg

x = 0.01 x~0.1 x~0.3

Also accessed via meson production p, o, ¢
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Summary

Gluon and quark contribution to nucleon spin
Gluon AG/G : Direct measurements point to zero or small contribution.
Only 0.05< x <0.2 probed. Need lower x data to constrain the sum.
Quarks : Sum 0.26< AX< 0.34 from global QCD fit at NLO
Extraction for all flavours from SIDIS, down to x ~ 0.004.
Towards agreement with Lattice QCD calculation

Transversity and Transverse Momentum Dependent distributions
Precise results on Collins and Sivers: gives Au+(x) and Ad(x)
Much progress on all azimuthal asymmetries for TMDs

Light meson spectroscopy
Huge statistics in diffractive production, 3r channel, PWA
New resonance a,(1420) - f,(980) =

Pion polarisability
o.-B, measurement in agreement with Ch PT

Future

TMDs via polarized Drell-Yan pT >y v
GPds via Deep Virtual Compton Scattering u p=> pnp vy
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