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Ve GPD's ..

e b

H(x, &, t,Q%); Q72 large, t small hard _Xrs /o \ AT

soft

HT, ET, HT ET with f =g, g DVCS

':;'7::'
* H (E) for nucleon helicity (non)conservation 0
 PDFs and elastic FF as limiting cases
 HH—f, g, for £E50; fdxH(X,E,t)—F(t)
e Correlating transverse spatial and longitudinal momentum DoF
e tools: DVCS, HEMP (vector & pseudoscalar)

Total orbital momentum:

S@) =5 lim [1 axx W (61,07 + EN(x.,,Q9)
X.-D. Ji, PRL 78 (1997) 610
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</ “Tomography’

S hard

* é=0 > t=-A;?, nolong. transfer
F dzAL _ f 2
¢ (x. b)) _/(27r)2 exp(—ihy b )H (x,0,—A?)

* Transverse size as function of longitudinal momentum fraction

sea quarks pion valence
gluons cloud quarks
] [ : ;’f -
xP \ p lI
b/ A
longitud. ' '
- .E{"‘-\":‘_ » ’-__-____.-'
‘;1“‘?:‘"- za _,p“'"-"" . _,.,-"f‘.ff r"FF’--
- L~ '_Fd_.-'" '_F__,.-'-
(a) (by x~0.003 x~0.03 x ~ 0.3

G.K. Mallot/CERN DIS2012 - Bonn - 27.03.2012 adapted from JLAB 12 GeV CDR



come S8
/) DVCS
e DVCS can be separated from BH and Y

constrain the GPD H e.g. using %@" %

different charge & spin (e & P ) _
cross section combinations of the p Deep VCS Bethe-Heitler

beam
e Note: u* have opposite polarisation at COMPASS

doHP7HPY = doBH4dofV S+ PLdAcPY S+ e Re | +PyeyIm |

Charge & Spin difference and sum: Im and Re related to

_|_ —
S=do" +do =2(do® +doPVC +imi) H(x=¢ ¢ t)

D =do* — do~ = 2(doBVCS 4 Re ) ’P/dx H(x, € t)/(x = §)
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Ve DVCS

S

 DVCSis the cleanest process & COMPASS 160 GeV
to determine GPDs O | i/ HERMES 27 GeV fixed target
e need a world-wide effort o Iab11Gev _— 0 4 “/;
. zeus+H1 collider |
* Global analysis over large 10
kinematic range mandatory 3 | 7y
e COMPASS-II: from HERA to . /S '
JLAB 12 GeV kinematics . P 7
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"‘VS BH vs DVCS simulation

e b

* Rapid variation of relative contributions withx, 2 " 4 ="
* Normalisation of BH contribution at small xg
* Interference term vanishes upon integration over ¢
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Ve BH vs DVCS data

e

e Test runsin 2008/2009 — 40 cm long LH target
e Clear DVCS signal, BH (- - - -) can subtracted yp‘vf !

¢ \

0.005 < Xg; < 0.01 0.01 < Xg; <0.03 Xg; >0.03
:_ 278 events | BH+DVCEE | 134 events = [BH+DVCSE g Sd4events = |[BH+DVCSE
== |BH? == |BHI? L == |BHI?
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COMPASS .
/“ transverse proton size

The distance (r,?) between struck quark and spectator c.m.
given by t-slope of DVCS cross-section o, (as function of xg;, LO)

DVCS
dUO

20— o ep(—B(xg)|t]) (rf (xg)) = 2B(xg)

 Reminder S =2(do®™ + dofV +1m1)
* Subtract BH from &, integrate over ¢ — o,
* H1 found 0.65+0.02 fm at x5~ 107

X
e Parametrisation B(xg) = By + 2a’ log X—D
B
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projected t-slope

e COMPASS-II projection, 2 years of data taking e, pilot run 2012 e
* Xz region unique to COMPASS

e transition from HERA — HERMES/JLab

8 B(xg) = By + 2a'log ;—O
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7" t-slope for p° production

)

r\% 10:—
E i
8 [ @@
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4 _ COMPASS 280 days at 160 GeV
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7" COMPASS II proj. data

do* —do™ D
A= =S

e Example: Charge & spin asymmetry dg-i'— + do—

e Cancelation of several experimental uncertainties
e Easier to measure than absolute cross-sections

e Asymmetries, sums and differences in
6xg x4 Q2 bins as function of ¢ Lt

e Simulation for 2 years data taking, 160 GeV/c
and a 2.5 m long liquid H, target

e LO:
S:Iml, singdependence, H(x =& &, t)
D :Rel, cos¢@dependence, P/dx H(x, & t)/(x —&)




COMPASS

Proj. charge & spin asymmetry
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COMPASS

Beam charge-and-spin asym.

amplitude of cos ¢ modulation as fctn of -t
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@ DVCS — main new equipment

ECAL1 ECAL2

i)

New electromagnetic calorimeter, ECALO
Liquid hydrogen target, 2.5 m long

Proton Time-Of-Flight detector, 4.0 m long

G.K. Mallot/CERN DIS2012 - Bonn - 27.03.2012



* 2 barrels 4m long long scintillators
* ~ 300 ps timing resolution
* 2.5 mlong LH2 target

— VME64x
—> 8 Channel Interface to
—»{  AD Conversion VME CPU
= @ 500Msps 12bit
or
§ —> @ 400Msps 14bit, :;;2’,': =
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© e
P — 16 Tri
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ECALO

* new ECALO large angle calorimeter
* Multipixel Avalanche Photodiode readout

ECALO 248 modules (12 x 12 cm?)

of 9 cells read by 9 MAPDs
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/] Semi-inclusive DIS

)

* COMPASS | had °LiD and NH, (i.e. deuterons for unpol.)
* COMPASS Il pure hydrogen target in parallel with DVCS

— Hadron multiplicities for FF, strange quark PDF
— spin-averaged azimuthal proton asymmetries

=0.5¢ COMPASS ProTwaek Strange quark distribution at OF = 10* GeV*
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COMPASS

-

Azimuthal unpol. Asym.

ACOSO
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COMPASS

/) Drell-Yan Process

)

* No fragmentation function involved
* Convolution of two PDFs

e Best: pol. antiproton—-proton (long-
term)

e Simpler: negative pion on pol.
proton (short-term)

* Pion valence anti-u annihilates with

proton u DY L
o Pt « fﬁlﬂ" ® f o



CWS Restricted universality in SIDIS and DY

T-odd TMD

‘gauge link changes sign
for T-odd TMD’, restricted
universality of T-odd TMDs

J.C. Collins, PLB536 (2002) 43

=B ff_r : and };_»_1L

DY
Boer-Mulders
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DIS: Sivers & BM

COMPASS 2010 proton data
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C .
e Future DY experiments

Facility Type s (GeV 2} Time-line
RuIC (STAR, PHENIX) collider, ptpf 2002, 500° > 2015
RHIC(internal target) fixed target, phpt 500 > 2016
Ruic(AnDY) collider, ptph 500? > 2013
JPARC fixed target, pp! 60 = 100 > 2017
Gs1(Pax) collider, phpl 200 > 2020
Gsi (Panda) fixed target, p 30 > 2017
Nica collider, plpt dfdh 676 > 2017
CoMPASS fixed target, 7 pl 300400 2014

G.K. Mallot/CERN

DIS2012 - Bonn - 27.03.2012



_C(?S* : I
7 Drell-Yan muon pair mass regions

COMPASS DY beam test 2009

- Jy ‘
i 3170+70 events
10°E M=3.092+0.005 GeV 4<M,,, <9GeV
- 0,,=0.227+0.004 GeV Safe region
2 < MW’-‘: 2.5 GeV
possible region _
Combinatorial J/ W region
background <1:1 [ |
3 -
= 1 1 1 | L 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 Ll
0 1 2 3 4 5 B



7" COMPASS-II Polarised Drell-Yan

e COMPASS-II: 190 GeV/c m~ beam on transversely pol. proton

target

e 7~ valence u-antiquark picks nucleon’s u quark

in valence

region (u-quark dominance)

e Access to transversity , the T-odd Sivers and Boer-Mulders

TMDs

2 cm gap for
vertex detector

i 'l -

[ i
I
| Ly b T
4 N
|
I 1
ol N\E
stainless steel
alumina cone plug o
inside solenoid  alumina __7

G.K. Mallot/CERN

tungten beam plug
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Target region for DY
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More projections

2.0 < My, <25 GeV/c?
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* Pion (and kaon) polarisability via Primakoff scattering

T Ty
® : \
¢ o,
— I - %%h
(AZ) ~

e control measurement with muons

e present exp. situation confused

Qg — Bx Qq + POn o — (3o

(10=*fm?) | (10=*fm?) | (10=* fm?)
Z-loop ChPT prediction o +1.0 0.16 = 0.10 16
COMPASS sensitivity 1 0.66 L 0025 1 104




2% COMPASS-II schedule

2012 Primakoff scattering: Polarizabilities of T and K
DVCS pilot run: t-slope, transverse size

2013 Accelerator shutdown

2014 Drell-Yan : Universality of TMDs
2015-2016 DVCS and DVMP: Study GPDs,
“nucleon tomography”
Unpolarized SIDIS: FF, strangeness PDF, TMDs

... DVCS and HEMP with transversely polarised target
... further spectroscopy measurements



