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3BnevyeHne nongapmsaunm KBapKkos U rMOOHOB

B nonspu3oeaHHOM e,Mt0 paccesiHuU Ha rpodosibHO osspu308aHHOU MUUEHU
docmyr K nonsipusauuu keapkos 803MOXeH 8 DIS uepe3 LO criuHo8ble
cmpyKkmypHbie oyHKyuUU, 00CMyr K rorsspusayuu ar1tooHo8

yepe3d PGF mexaHuam (NLO)

2 7 9 (q=c)
7 ' B T (@=0)
DIS LO PGF NLO
a(x) —a Ag(x)
ALL (X) oC Aq(X) — q(X) q(X) ALL (X) oC

a(x)  q(x)+q(x) g(x)



CnnHOBbLIE CTPYKTYPHbIE DYHKLUM W MPaBUNO CYyMM

s 1 s AGgal oL Phys. Rev. D 75 (2007) 012007
2 2 a” e Phys. Rev D 71 (2005) 012003

4

AY = Au + Ad + As + Au + Ad + As

CnUHOBbIE CTPYKTYpHble yHKUMM kBapkos  Au(x), Ad(x), ...
N3MEpPSAIOTCS NO aCUMMETPUM  Ha NPOAONBHO NONIIPU30BAHHON MULLIEHN.

Inclusive DIS Semi nclusive DIS

e+d—e +X e+p(d) >e +h+X

AT = 0.33+0.02(exp) + 0.03(theo) |  AX = 0.359 +0.026(exp) + 0.018(theo)

evaluated at 0.021< x <0.6
B o4yeHb xopollem corfnacum ¢

COMPASS pesynbTaTom (0 =0.29%0.01 Q) =2.5GeV*)

Inclusive_pe3ysibmam oKOH4YamesnbHbIU , semi inclusive aHasiu3 3asepwaemcs



Gluon polarization update
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[TonepeyHo nongapusoBaHHaa MuULLeHb, transversity,
Sivers DF, Collins FF

Phys. Lett. B 693 (2010) 11-16
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[lepepadva cnnHa A 1 aHTKU A runepony DLL

D" (x,2z,Q°) = ZDHA (z,Q*) 07" (x,2,Q%)  Phys. Rev. D 74 (2006)

Phys.Rev. D64 (2001)
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AnekTpopoxaeHne BeKTOpHbIX me3oHoB, SDME ana rho©

MexaHu3m peakyuu u cmpykmypa VM
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3aKIio4veHune

IkcnepnmeHT HERMES BHec bosnbLUon BKa B
nccrnegoBaHmMe CTPYKTYpbl HYKIOHOB (a4pOHOB):
d okoH4aTenbHbIN pe3ynbTaTt A2 KBaApKoB
 oueHka nonsipusaunm rnrooHoB AG /G
 adbdekTbl nonepeyHoro cnuHa, Collins, Sivers
d DVCs n 0600LEeHHBIE MAapPTOHHbIE pacnpeaeneHns
d3nekTpopoxaeHune VM

L nonapusauma n nepegadva cnvHa A rurepony
IkcnepumeHT HERMES 3akaH4MBaeT CBOLO
aKkmuesHyro oeatenbHoCcTb B 2012 rogy
brnazodapHocmu

Klaus Rith, MAD, DESY, MMHHAYKA
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['pynna MNA® 8 HERMES aHanuse

lNMonuHa Kpae4yeHKO crnuHo8ble cMpPyKMypHbIe (OyYHKUUU, nosiy4eHue
OKOHYamesiHbIX pe3ysibmamoe C y4emoM eCeX 803MO)KHbIX MOrNMpPaeokK

Cepezeli MaHaeHkoe lNonsipu3ayuoHHbIe napamMmempsbl

8 PO)XXOeHUU 8eKMOPHbIX Me30HO08, p,p,w SDME,
UHeapuaHmMHbIe aMnaumyobl

HerHuc BepemeHHukoes , FOput HapbiwkuH, CmaHucnae bennocmoukuu
Mapamempsbi nepedayu cnuHa DLL, KLL A u aHmu-/A 2unepoHy;
lTonepeyHasi nonsipusayus;

S10epHbie a¢hghekmbi 8 pOXXKOEHUU 2UurnepoHOos

AnekcaHOop Kucenes
O6pabomka cbipbix OaHHbIX. MoOepHu3ayusi Koda eoccmaHoO8JIeHUsI MPEeKos.
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13Bne4yeHmne nonapunsaunmn rinooHOB

B nonspusoeaHHoMm e, Mt paccessHUU (NLO), 0oocmyrn kK AG 803MOX€EH
yepe3z PGF mexaHu3m

(Q=c)

y ©

Yy o

PGF oomuHupyem e OPEN CHARM PRODUCTION,
xopowuu cueHarsl, Ho HedocmamoK cmamucmuku.
JApyzasi 803MoXKHOCMb- omb6op cobbimut ¢ 6onbWUMU

P, dnst adpoHos



Transverse spin effects

HERMES measured+transverse spin effects
in semi-inclusive 7*,7°, K* K production related to

access to

59(x)=q T (x)-q ¥ (x)

Collins FF, Sivers DF

v'longitudinal beam polarization = A (D)

—

v longitudinal target polarization — A (@)

v’ transverse target polarization— A (D, q)s)
J

\ GPD,
Deep Virtual Compton access to
Scattering DVCs, > quark orbital
Hard exclusive meson momentums
production J

J q



The HERMES collaboration from 1994

%eglnes

A second generation experiment
designed to study the spin structure
of the nucleon at HERA

Alberta Freiburg Munich Ba_r_n_

Argonne Gent N. Mex. St. Beijing

Cal Tech Ilinois NIKHEF Hefei
Colorado JINR, Dubna Pennsylvania Giessen
DESY, Ham. Kentucky Rome Glasgow
DESY, Zeuthen Liverpool St. Petersburg ~ Michigan
Erlangen Marburg Tokyo Protvino
Ferrara MIT TRIUMF Regensburg
Florida Int. Moscow Wisconsin Uni. Amsterdam
Frascati MPI, Heidelberg Yerevan Warsaw

C.benoctoukuin ceccua yy.coeTta 26-29aek.2011
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Longitudinal spin transfer DLL’ e+pd=e+A+X

Valid only for current fragmentation !!

° P!=D) P
6 . . 5q/1
v* 9 D DLAL':Za)q'DZﬁzZa)q A
S A 4 e A4
q -2
o —>
L A\ spin structuré>
\
p /
SU(3), — ou_od _ 16 25 _0.64
u d S
Lattice caleulations — 2% — 5dd = 0.0240.04 25 -068+0.04
u S

19
Belostotski “Strangeness polarization...” Trento, Oct.2008




AN and A events selection

x10° 16
14-

12

08 110 112 114 116
M(p,=~ ), GeV

108 110 112 114  1.16
M(p,z" ), GeV



Longitudinal spin-transfer to A- hyperon Phys Rev. D 2006

I:)L/'1 = I:)b D(y) Dﬁ_'
Dill_' (z)= Z Pq (2)- Dill_'q (2)
q

Pq(z)zjﬁq(x,z)dx

FFqAT(z) _ FFq“(z)
AT Ad
FF" () + FF,/7 (2)

Partial spin - transfer

Due to strong u-dominance

DfL'q (Z)=

0.2 - A

,.""' D A ~ A u

' L' ~ A
u

Purities




[Tonapusauuna n nepegada cnmHa /A n aHTU A\ rmnepoHy

Setng;zlr;céu;lée ‘?ZIS e+p (d) — e'+/}+X i\ :>p+Tc_ ﬁA = BAPquark Pquark = D(y)PB
a -0 € =e4+A+X A=pt+r

For the first time 3-d analysis

Phys. Rev. D76 (2007) 092008
Phys. Rev. D 74 (2006) 072004
Phys.Rev. D64 (2001) 112005




Various NA-spin structure tests

Constituent quark model (CQM) <Q-' 0.8
. —CQam
Au=Ad=0, As=1 ]
0.6 - Lattice QCD
Lattice QCD : — SU(3)
0.4 + Bu./Jaf
Au=Ad= =-0.02+0.04, As=0.68%0.04 ]
0.2- + + +
SU(3) flavor symmetry I

0.0 —

-0.2 - \

Au=Ad=-0.09%0.06, As=0.47%0.07

Burkard/Jaffe -
Au=Ad=-0.23%0.06, As=0.58%0.07 -0.4-
2(1193)—>Ay, 2(1385),E—>A7c -0.6 , , ,

are to be taken into account !!



AG from HERMES hadron high PT data

AG is poorly known till now. In principle , it can be
accessed by investigating NLO structure function g1:

E155, SMC —pQCD fit to NLO g1
/J.Blumlein,M.Hirai,D.de Florian,Leader et al/

Unfortunately , the results obtained are very uncertain:

AG(X,Q%) :jAg(x,Qz)dx ~(0.5t01)+1

Ag may be also accessed in polarized pp collisions,

. . . A
e.g. A, in pp= z"X issensitive to 29

J

j> PHENIIX&STAR new
results are expected




Another option to enhance PGF mechanism is
detection of hadrons with high PT.

AT (pr) =D Ri(pr)ay (p;) i — subprocess
R.(p;) fraction of 1—subprocess< PYTHIAG.2
a, (p;) asymmetry of i—subprocess

a (Pr)=a,. (S, t)'Affiy(( ; ,((Qg 22))°AffilN((; b ’((g2 22))

/ ¥
qq,9q, etc. 1 \

lon
calculable photon nuc
pol/unpol PDF ~ pol/unpol PDF

AC,,
For PGF . (s,t)=—=8(s,1)

G}/Q—Nﬂ

A (%,,Q%)  Agy (%,,Q%)
- - :
Unknown gluon polarization N (x,,Q%) gV (x,.,Q?)

can be found using measured
asymmetry AL (Pr)



Evaluation of A2

AY =a, = (Au + AU) + (Ad + Ad) + (As + AS)

2
neglecting 0552(7(3 ) = %(l‘IO +I' )—a,=9T",/(1- %cod) —a,

a, = 0.586.+0.031 D-state

correction

AS evaluated at o, =0.29+0.01 ..(a°)
Q. ~5GeV? @, =0.05£0.01 0.021<x<0.9 a,=3F - D=0.586

0.9
Integral j gd (x)dx at x =006 — 0.02 well saturated,

> talk M.Varanda

0.9

1
ie., j g (x)dx = j gd(x)dx =T,
0

0.021

> |AX =0.330£0.025(exp.) £0.011(theo.) £ 0.028(evol.)

EMC AX=0.12+£0.09+£0.04 COMPASS AX =0.25+0.03 Theo~0.6



Strong A-dependence of A vields and

FO. HapbiwkuH

transverse polarization in photoproduction

5 15
v+A = A+X : .« preliminary
. \ <1.25 |_y > RA
A =H,D, "He, "He, N, Ne, Kr and Xe L
1 , s 2t t pure
N, (A) ) A- absorption
AV ~ 0.75 - ;!
» _\A-Lumi _c,(yn(A) > AX) e i effect
*7 (N, (D) G, (yn > AX) 05 - R
2.Lumi | | | | | |
0O 02 04 06 O 1 12 14
p, (GeV)
In_ :M I <025 Y 0<5<1
disagreement « HeD { o HiD
- o Kr+Xe
with hadron- 01 OKE g 017 % ;s o3
Pt _
hadron — ; % [ [ 0 L
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production 01} 01}
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Publication in progress

Draft-84 "Ratios of Helicity Amplitudes for Exclusive p Electroproduction® C.MaHaeHko8

Draft- 83  “Study of nuclear medium effects on transverse A hyperon polarization C.bernocmoukuti
In quasi-real photoproduction”

Draft-88 “Spin Transfer Coefficient DLL to A and A Hyperons in Semi-Inclusive DIS C.Benocmoukuti
at HERMES experiment

Draft-85 “An Exploration of kinematical dependences of longitudinal double-spin asymmetry

at HERMES” [1.KpasyeHko
JawuuweHHble duccepmauuu psidywue duccepmauuu

A. XeyH, FO.HapbiwkuH, I1.KpagyeHko
L.BepemeHHUKO8 2012

C.MaHaeHKo8

FO.HapbiwkKuH



Nuclear medium effect on transverse A polarization Opuu H

* n Data 1996-2005 only,
y + A — A + X (2006-2007 will double the statistics)
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0.2 -
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H ! °He
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2D§ ] ]
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Longitudinal spin-transfer to A- hyperon
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Bknad NA® e akcnepumeHm

Hardware:

»MarHunT cnektpomeTpa (papaspaboTka KOHUenuuu, opraHnsaumsi npou3BOACTBa,
YaCTMYHO MHBECTUPOBAHUE, MAarHUTHbIE U3MEPEHUS KapTbl NOsis);

> [MponopumnaHanbHble Kamepbl (11TbiC.KaHaNoOB) B 3a30pe MarHUTa;

» WHBecTupoBaHue (YaCcTU4HO) cucTeMbl cunTbiBaHus PCOS-4;

» ABTOMaTU3MpoBaHHas cuctema oxnaxageHusn ansa frontend PCOS-4 n TRD;

> Cucrtema oxnaxpgeHus ons CUNMKoH-cTpun getektopa Lambda Wheels;

Software

>_Pa3pa60TKa nporpamm kogmpoBaHusi cobbitus HERMES Decoding;
»PaspaboTtka nporpammsl ynyyweHHoro TpekmHra HERMES TC;
»>[pounssoacteo annos gaHHbix HERMES HRC /DST files;
»[1porpamma BbLICTPOMKM 3N1IEMEHTOB AeTeKTopa Nno Tpekam, 1 np.

> Paspabotka nporpamm SLOW CONTROL,;

DATA TAKING

»[lopnepxaHne MCs, TRD;

»[MogaepxaHne CUNUKOH.-cTpun geT. LW,
»[oppepxanHne DAQ;

»[a3oobecneyenme ;

»[lopoepxaHne Slow Control;
»0ObpaboTka CbIpbIX AaHHbIX;

»PaboTa B kKa4yecTBe nepmon KoopauHaTopa;

DATA ANALYSIS




Summary of HERMES data-taking

e+p (d)=e+X Inclusive DIS ~ with Q% >1GeV

e+p (d)=e+h+X Semi-Inclusive DIS  with Q% >1GeV

e +13 (21) —h+X (egh= A ) quasi —real photoproduction
with @ =0

5+p(13, a):>e'+h,y+p,n (egh=p,q,m..) exlusive reactions

e+tA=e+y, T K A ...+ X unpolarized interaction with nucleus

targets
A=H,D, He, “He, N, Ne,Kr and Xe

\
Longitudinal beam polarization PB=0.5 180-10°

DIS positrons (electrons)

> more than 3.5 10° pb™
of Integrated Lumi

Longitudinal and transverse
target polarization PT=0.8-0.9

Unpolarized nucleus targets D



lNonsipuszayusi KEapKoe 8 HYKIIOHE
(cnuHoebIU Kpu3suc ?7?)

l —A2+AG+L +L

> 2
Inclusive polarized DIS \ quarks / Guons high PT

AT =0.33£0.02(exp) £ 0.03(theo) Ag —0.078+0.03440.011

at (x)=0.204

Semi nclusive polarized DIS
evaluated at 0.021< x < 0.6 >

AT = 0.359 + 0.026(exp) + 0.018(theo)

(ag =0.29+0.01 Q) =2.5GeV”)

J



A photoproduction mechanism by PYTHIA

(E,)=(E,-E,.)=15.6 GeV
A to A yield ratio

y —=>qq (ss)
=
=10
hadrons = ! 6=0.25
Z g+ []
6
4 ; .. ° coeos? i E
2
(ud)+s I
O | |
0.2 0.4 0.6
C
_E* target (ud)

<025 Vt=331GeV =)  echanism

Belostotski spin 08



B HERMES K, preliminary
® E704D,
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