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Fig. 10.10 Deviations from scaling. With increasing Q?, the
structure function F,(x, Q%) increases at small x and decreases at
large x. The data are from the CDHS counter experiment at
CERN.
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Fig. 3.9 Expectations for zgs(z), zg1(z) + zgz(z) based on taking a
parametrisation of the asymmetry A(z) = gi1(z)/Fi(z) together with the
measured values of g1(z).
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1. Introduction

EMC Experiment
(1988)

Muon - Proton Deep Inelastic Scattering at CERN

E =100, 120, 200 GeV P, ~76% P, ~75-80% NH,
e G’N« . {TTT
o Td s T
0011/01  Jan 2010 KEK T-A Shibata .
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BNL-PHENIX, STAR
DESY-HERMES GSI FAIR SLAC

500 ~ 1000 experimental physicists now,
Strong activities of theoretical physicists
Jan 2010, KEK T-A. Shibata 8 9
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COMPASS

COMPASS spmn¥.

two stages spectrometer
Large Angle Spectrometer (SM1)
Small Angle Spectrometer (SM2)

* high energy beam
» large angular acceptance
» broad kinematical range

variety of tracking detectors SciFi Straws
to cope with different particle aenn s
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DSSV, PRD80(2009)034030
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Global Analysis and Gluon Spin Contribution
D. de Florian et al. Phys.Rev.Lett.101:072001, 2008. DSSV08

Data of deep inelastic lepton scattering o
. om O - =< -1 - M
and proton-proton collision : I ;
00l - 1 - 0z
2 ’ . [ ] ]
rAfi(z, Q) = Nz (1 — )% (1 + /& + ) 0
o, 0 gt o W o sl ok o0 | [ i 0
- —+—— PHENIX — 15 e[l —rEvan A {on4
E Simaciaity i By 4 U3 3 2 3 :::::-:: - -:_:::::'r S S R L
E — — QDI - ﬂ"Ii o[ XAz b xae - "
i 2 C ] R
iy i : i,
- L] P 4 i -\.\ _: ol
i A i 0 ]
| | o ]
= .‘_r . 002
[ . _ C : 1 04
B s ] oM gf = 10 Gev® | s R
[ ; A ] L L Gl T DT | Rk i v T R i M e M
__ R L]"r& ’ I(h)__ {} ]ﬂ'.! ]l:l.I X I{I.:\I |I:|.I X
1 1 |
-0.2 i) .2 FIG. 2: Our polarized sea and gluon densities compared to
A 1,[0.05-0.2 ] previous fits |8, 8|, The shaded bands correspond to alterna-
£ tive fits with Ax® = 1 and Ax*/x" = 2% (see text).

* (Inclusive) DIS data give a constraint on the positive side
« PHENIX data also give a constraint on the positive side

+ STAR data give a constraint on the negative side

see also AAC, LSSDE,.I..
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2 TMD in Semi-Inclusive DIS
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Sivers Asymmetry
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Boer-Mulders amplitude
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n
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=
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-0.05
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i1 s
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I | I | I
+ POTEHVIEY

CLASIZ projections |

0
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0.2
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SPIN2010, M. Anselmino
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12 Generalized Parton Distribution
In hard exclusive production

Elastic scattering Deep Inelastic Scattering

Form Factor: F(t), G(t) ' Parton distribution: q(x), Aq(x)
1
‘\fl dy
0 Hard Exclusg)\,/e Production: e+ N —e'+N r_|_{y . p, T, }

Generalized Parton Distribution:
H, E, H, E

Jq:;—fll dxx|H(x,8,t—-0)+E%(x,&,t—0)]
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2

Hard Exclusive Production and GPD

Deeply Virtual Compton Scattering:

etN—oe'+N'+y

~

Involved GPDs: H, E, H, E

clean reaction

Hard exclusive meson production:

etN—e'+N'+{p, m,..|

E
E

vector meson:

@ o

H
. H
pseudo-scalar meson:

- : iven in the next talk by A. Rostomyan
Meson amplitude involved (9 y yan)
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Azimuthal angles in DVCS

e+ N—-e'+N'+y

&
_@\@Q\ E‘, : 4SJ-
QQ\OO%% e f\
é - .. ¢S
q RN
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DVCS

Opves KOy @HERMES

= [Tpves|” +

DVCS cross section

Bethe-Heitler (BH)

'Teu|” + Tpoves Ty + ThvesTeH
I = TovesTyy + TpvesTen

[ Tanl® =

| Toves|® =

T —

&b

G

F
—

+e

6

iy (1 4+ €2)2A2P (o) Pa( o)

{ BH Z rm[ cos (ng) + 353” sin {q‘;}}

. 2
DVCS DVCS DVCS
Yoz { E [ cos(ng) + s, Hlll{ltﬂi}_}

(l)_

Cp + Z [ri cos(ng) + si Eill{??q;';]]

TRy AP (d)Pa(¢)

a2 }

> TT — b

A.V. Belitsky, D. M"uller and A. Kirchner, NPB 629 (2002) 323
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S
Deeply Virtual Compton Scattering —

First observation of beam-spin asymmetry of DVCS (2001)

ALU HERMES (DESY) CLAS (JLab)
Jog

J+

A 4 )
4 U
_uq-_ ra
'“lEE . 1

ab-ﬁéii{rﬁ} m'IS,D,":m ]%j{dsglh..l‘éuﬁm 3":_'“
~ 30% effect
Jan 2010, KEK T-A Shibata 34
2011/01/07 [ F ISR OHER2011] 66  yunACATAUNIVERSITY (ﬁ)




2011/01/07

DVCS @ HERMES

Year

1996
1997
1998
1999
2000
2002
2003
2004
2005
2006
2007

Beam

Charge Helicity

- +
- +, -
- +, -
- + -
5 +, -
& -

+ +

+ +, -
- +, -
-, + +, -
+ + -

Targets
Pol.

H(l)
H(l)
D(1)
D(1)
D(l)
H(t)
H(t)
H(t)
H(t)

Unpol.

H, D,
H, D,
H’ D’

H, D,
H, D,

H, D,
H, D,
H, D
H, D

Detector

*He

N

Kr

N, Kr

‘He, Ne, Kr
Kr

Kr

Kr, Xe

Xe

Recail

Recaoill

[#FHEEMEDHFER2011]

* combined analysis with BCA

67
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DVCS @ HERMES

- Beam spin, charge asymmetry H PRL87 (2001) 182001
H JHEP 11 (2009) 083
D NPB829 (2010) 1-27
- Beam charge asymmetry H PRD75 (2007) 011103
- Longitudinal target spin asymmetry H JHEPO6 (2010) 019
D NPB842 (2011) 265-298
- Transverse target spin asymmetry H JHEP 06 (2008) 066
- DVCS on nucleus targets PRC81 (2010) 035202

without Recoil Detector
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Extracted amplitudes:

A PRD75, 011103
B O this work

— — —
.

T T T T ! ! ! |

—+—+-DD:Fac,D ]
------------- DD:Fac,noD ]
- — -DD:Reg,D ]

— ]
AUT,DVCSO -
=0.6 ]

s 02} +
z i
£ o i
g =
=)
< -0.2 +
04 + T+
| L 1 L L | 1 L
0 02 04 06 20
overall -t (GeV?)
2011/01/07 [#%FHEEMEDHERI2011]

HERMES Collaboration, JHEP06 (2008) 066

AP ocR|F H |

sin(p—cb)
Ayr pyes

<3| H EF -FH"
YEFH —HEE"]
e

sin (¢ —¢p) cos ¢
_AUT,I ’

«J|F,E-F,H |
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A:Tr:t-qr,lmqn
Al;-:::i-—u-m-
AL
A'Tﬂﬂ
A
A

AT

2011/01. .. ‘o

HERMES DV(S
Proton

# published (96-05)
- preliminary (06-07)

- } reti)

Ly

= Im(H -E)

2

Im (H)
HI_l.e(H)

; O S
|

1IN "7l & W " 171

03 02 -01 0 01 02 03

Amplitude Value

ta=N s — = - =[]

Access to

GPDH, H, E

= JHEP 11 (2009) 083

JHEP 06 (2008) 066

L THEP 06 (2010) 019

SPIN2010, M. Dueren
15
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2 Fit to the HERMES data

K. Kumericki and D. Muller, arXiv:0904.0458 M. Guidal and H. Moutarde, arXiv:0905.1220

L | L] L] L] L | L] L | L] L] L | L™ L_,l 4 . ._-: — ¢
— AP —
02k A(]) d fi' O ot == e OB ﬁrﬂ
' CA ' -
—0.4
i £ . - P
jf’“ G . o 7 & #.. 5 _,?,,g'\’)
01F 1 —0.4
- '{?};-:;- C‘ - L L LR
<
. —0.4
1 = S S Za
¢  HERMES Data i 2 e B i
. . - " 4 e #_ - — ___+
L em Fit R R S — T | | 4 | | :
—0U.n —U.4 —U.5 G VQ—UQ -0.1 0. g 0 e gEmm g ¥ :,:,:,:.:,:,:,; _________ +— B ___"—._.-._.._.—._T-_-=q;+- -------- ;3
rGeV7] < 04 :
e e
0.5fF -3 T o e ; T3
= Aty 49 ’ by %
By WIS IS TSE SR : : =
T ole., b _ R
= u A R [ ¢ 3 5 S
P ~0.4 g
: Y =
= 3 AL L ool 08 Lol S
< i T AR v ¥ T g®
= ~0.4 : : -~
o= bil o=
I L B e S £3
04707 03 04 0 07 07 03 04 .
0.0 . e e ] —t (GeV?) —t (GeV?)
0.001 0.005 0.010 0.050 0.100 0.500 1.000
.
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HERMES Recolil Detector:

‘_ FIELD CLAMPS —\ nnnnnnnnnnnnnnnnnn

1 . ® Sub-detectors in 1 T Solenoid
Magnet

i DRIFT
4 ESE:CI!EOI CHAMBERS

/N - Photon Detector (PD)
| =T !f itz

______ | » 3 Tungsten/Scintillator layers, n°,
' T/p

— Scintillation Fiber Tracker (SFT)

se 0] X + 2 x (2 Parallel and 2 Stereo
layers), momentum reconstruction
4 & and /p

— Silicon Strip Detector (SSD)

2 layers of 16 double sided

sensor, momentum reconstruction
and n/p

* Unpol. H&D targets: 2006 - 2007

F*Z?*ﬁﬁﬁﬁ%o)¥ﬁ§ﬁ201 1 'ﬂ 72 YAMAGATA UNIVERSITY %
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2 HERMES Recoil Detector

B dE and bending @ Bending in magnetic field it

16F
14:
12
10F

o
)
Ch

<
[§]
®

- -]
™ LA

015____:_____|L _______________ I._._ ..... ._:_‘___IL ............... : .............................. IL .......... |
| | | o %e o
. T %t e e

Momentum resolution
=
= T

005 _.._.._.._..E_ S

1 1 | 1| 1 1 | 1 1 : | 11 : 11 1 1 | IIIII 1 | 1 1
02 03 04 05 06 07 08 09
Momentum [GeV/c]

(A®IN) s1030830p gns ul jJiIsodap ABiaug

-1 0.6-06-04-02 0 02040608 1
Reconstructad Momentum [Ge'ic

U]

Reconstructed Momentum
(GeVic)
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% — Hermes 2007 data
Recoil in DVCS analys® || oescmawe | e

au — -

etp—op'te'ty Ap:pmeas._pcalc. [

A ¢ — ¢meas. - ¢calc. =

0.8 bBiad S B sl Ui bions b i bevna bsaaids oo 0
-1 09505 -3 0 025 0L LT3 1]
Ap [ GeVic]
Hermes 2007 data Hermes 2007 data
-og | Traditional DVCS analysis -02 | Traditional DVCS analysis
- (E, >5 GeV) S (E, >5 GeV)
O 1500 | O 1500 |
& Q
|5p|< 1 GeV/c i Recoil proton
in acceptance
| 1000
e with Coplanarity cut
|Ap|> 1 GeV/c
. et & Ap<0.1
i 05 |pTcalc|<1.5~—|_u_,L
|pT meas|
| b
0 0 S TS T U U U U U U U U U U A
2 0 2 4 6 8 10 12 :?4 -2 0 2 4 28 10 12 14
Mi [ (GeV/c)" ] M [ (GeV/c) ]
2011/u 11ur I X T TE IR WT LV #)] B IFHLU L1 YAMAGATA UNIVERSITY %




DVCS@COMPASS

2013-2014 COMPASS-II DVCS

(=0 What Makes COMPASS Unique?

2 ; ! ; CERN high energy muon beam
- COMPASS 160 GeV / :
S/ HERMES 27 GeV ’ : o 100 - 190 GeV
ey JLab 11 GeV / o 80% polarization
ZEUS +H1 B o T and p~ beams
- | with opposite polarization
8 S
7
Z A5 jfﬁ'i"'i?;f"." @ Uncovered region between
I ZEUS+H1 and HERMES+Jlab
! _;_Z;;'f before new colliders may be
3 SR available
3 e
) R e low zg: pure BH
= R (useful for normalization)
5 ; ey ::'-?{E_:',.;Z;' b A
- 5 w3 ;?' F . . high zp: DVCS predominance
- &

SPIN2010, A. Ferrero

2011/01/07 % FEEHEDOHERR2011]
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Measurement of DVCS and DVMP at COMPASS

4/18
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Y
(=0 Angular Dependence of do

doup _ppy = P,doo <" + e, Re(I)

Combine . and .~ data with opposite beam polarizations

=
==
&h

=160 GeV  1=Q°=4GeV? 0.03=x,=0.07
B

FDGSFU = dJ;J,-I_J’ — dJ;J,_T

VGG Regzeized (x,f)-comelation Int Int
--------- VIGG Factorized (x.f)-dependence X Cp + €1 EUE((EB)

=
=
&n

=
III|IIII-|.IIIII|I

Mueller fit on world da
____fn'?tEEIJHIﬂEJ{I {%n{: o RE(F1H)
< (writhout TLab Hall ) ’

o,

IIII|IIIII1

Red points: COMPASS Projected
e 2years of data

e eff = 10%
@ lumi=1222pb~1

ReH(¢,t) = P [dx H(x,&,t)/(x — &) — Exp. constrain to GPD H! |

=
=
&

Beam Charge and Spin Diff. {nh.l'{Ge\.l”‘radn

=]
=
el
i
E_
TE"_
E_
g

Syst. error: 3% charge-dependent effect between pt and p—

Meaasurement of DVCS and DVMP at COMPASS

g9/18
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P o

(=_ DVMP with Transversely Pol. Target

\

@ Cross-section measurement:

Vector meson production (p, w, ¢) — H. E _
Pseudo-scalar production (w, n, ...) = H, E

e Tranverse target spin asymmetry ASL}‘}'@"“‘*”EJ
Aur(p®) o /| —t'|Im(E « H)/|H|?

Hermes Compass 2007

L ¥ T ¥ T T T ] 0.0 [ T T T T - E'Gt ]
0.1F 4 : /=8 eV |
" 1 0.15] Q=2 Ge"” |
0.0 s T oo '|
@ | : e ! ]

<o01F : < 0.00 —'iL T
" : 005 1
02} W5 Gev | - ]
- r i T
: 02=3 GeV : Sk :
_ﬂ_3 M i M i " i I : : . . i 1

0. 0.2 0.4 0.6 o T 02 0.4 0.8
-t [GeV] ]G\

COMPASS data: transversely polarized proton target
SPIN2010, A. Ferrero

Mzasuremeant of DWCS and DWVMP at COMPASS

14/ 18
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B—AEGRKRZATEREITE,
L6 &DE[FOEYHAANGESH ?

<HTH?
f-{SAHTSH"?

RILENTF-LDEI—LHD?

BHENZS?

http://f. hatena ne Jp/ser/20070728164337
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mission: exploring the 3-dimensional phase-space =~ ——
structure of the nucleon

intrinsic motion
spin-k. correlations?
orbiting quarks?

‘+I,__ Ideally: obtain a quantum
N phase-space distribution
L~ . (like the Wigner function)

_ | in 1-dimensional QM:
LA /@wmm=wwﬁ
| [ W) = 160

(O(z, p)) = fdﬂf dp W(z,p) O(z, p)

SPIN2010 M.Inselmino
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Luminosity x 10%0/em?/s

LHeC, EIC, ENC, ...

102 T bR Y

10%9 Mainz JLabt k
1018 (] I M JLabi2

1017 [ suac

1016
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1014

1013 L]
1012 Bates(Int)

[ Bonn

|||H ||qu TTT

||||,|j ||||i |||||i L1

LHeC

COMPASS

10! Bl — 66 O H1/ZEUS

1010 HERMbS EMC /NMC
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2 Yai'd

Qu

s BFIEE
- IN—h2: BEBE - RFY — 3XTiEE
- IN\—ro B

c - HEEIEXRTF/N—FoomEZ%K TMD
« > —fbEhf=/N\—boHHmEE  GPD

o LM EIEEMEELEER : EFFA0IZEAMELTEER
- EEEZEN — FHEREER
- R — JERIB — FTILREVIEXMFIE — SSA
- AFEAIE — NFOVEAE — Exclusive &R
- HELAKENE — ALAKREN

c FFREVDMERE: HFFD(REY) REREE
- KUEHIZ, THHEBRIEHZMNTTINS ?
- — {RiB ep EEEER
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