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olarized lepton beam of
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Hermes spectrometer

Resolution:

Ap/p~1%, AG<1 mrad

PID: 98% lepton identification with <1% hadron
contamination

Excellent separation of 1, K and p with RICH




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



Bknao NMnsi® e HERMES aHanus3s

UccnedosaHue eknada K8apKoe U 2/1l00HO8 8 CIMUH HYKJIOHa;
[lonuHa KpasyeHko —Aq from SIDIS and DIS,
kinematic distributions

lMonsipuszayuoHHbIe napaMmempbl 8 POXOeHUU 8E€KMOPHbLIX ME30HO08;
Cepeeu MaHaeHkos —p,p,w SDME, direct amplitude reconstruction

Mapamempbi nepedayvyu crnuHa u nossipusayusi 8 poxxdeHuu A;
LeHuc BepemeHHukos , KOpuu HapbsiwkuH, CmaHucriae bernocmoukut
— DLL, KLL, Pn-tranasverse Lambda and Lbar

Sl0epHbie aghghekmbl 8 poOKAeHUU 2UrnepoHoe;
KOpuu HapsiwkuH, CmaHucnas bernocmoukut
— Study of nuclear medium effects on transverse A hyperon polarization

O6pabomka cbipbix OaHHbIX. MoOdepHu3ayusi Koda eoccmaHo8JsIeHUs1 MPeKoa.
AnekcaHop Kucenes—new Hermes Track Reconstruction Code HTC



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



lNonsipuszayusi KEapKoe 8 HYKIIOHE
(cnuHoebIU Kpu3suc ?7?)

l —A2+AG+L +L

> 2
Inclusive polarized DIS \ quarks / Guons high PT

AY = 0.33+ 0.02(exp) £ 0.03(theo) Ag — 0.078+0.034+0.011

at (X) = 0.204

Semi nclusive polarized DIS >

evaluated at 0.021< x <0.6
Conclusion. Quark and gluon

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

contributions account for 50%

of nucleon spin. Is the rest

(ocS =0.29+0.01 Qg = 2.5GeV? )
j due to orbital motion of

nucleon constituents ?



lNonsipu3ayusi KBapPKO8 8 HYKJTIOHe.

OKoHYamesibHbIe pe3y/ibmambl

v'Control of factorization
theorem;

v'Control of P+ dependence

v’ Taking into account
Cahn effect ;

v'NLO corrections.
Small Q2

v'3d unfolding

lNonuxa KpasyeHko PhD- 2010

] 3D Extraction method, Q°<1GeV?
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0.5F ¢ 2 - *
r &
o ({,‘1’%%&* ___________________________
_0_5__ —_—
C— —]
0.01 002 01 02 x
T S R e
-0.5;— #
4 A d/d \L}
1.5F
——
-2t - —
001 002 01 o0z X%
° HERMES published data
= 3D Extraction method, Q*>>1GeV?




VM production in DIS. Direct reconstruction

C. MaHaeHKo8

of amplitudes

HapyweHue
SCHC

Signal from
Toq

v helicity 1
to p helicity O

Re(T /Ty

1.6

0.4 -

—_

5+5(d)=e'+B+X

® Proton HERMES
B Deuteron HERMES
A Proton H1




lMpodosibHass nepedaya crnnuHa N\ (aHmu A ) 2unepoHy.

OKkoHYamesnbHbIe pe3y/Ibmambabl.

Semi Inclusive DIS
at Q? > 0.8 GeV?

L.BepemeHHUKO8

€
- . _ - AN
e+p(d) = e+A+X A =p+m = T
o
=e+A+X  A=p+m < v >
g I
S = o
PA = DAPquark Pquark = D(Y)PB -g X
\ < [
For the first time 3-d analysis >
P \/ /
x10° 16 x10°2.5 x10°
14 N, = 76281 X N, = 11187 121 N, = 99034
12_ A 0'=1.92 Mev 20' A o= 1_85 Mev 10_ K G=5.44 Me\,
10 8-
8
HTC ) ° ;
4. 4-
2- 2.
0 —T T T 0.0 . . . 01— . . . . :
1.08 1.10 112 1.14 1.16 108 110 112 114 1.16 0.44 0.48 0.52 0.56
M(p,= ), GeV M(p,=" ), GeV M(x",n "), GeV 10



Compilation of world data on longitudinal spin transfer
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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 !!



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 1 T——

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—>An -0.6 , , ,
are to be taken into account !! 0.00 0.08 0.16 0.24
X

Conclusion. Contribution of strange quark at small x
and FF(s—A) is essentially larger than in LUND MC.



Strong A-dependence of A vields and

FO. HapbiwkuH

transverse polarization in photoproduction

5 15
v+A = A+X : .o preliminary
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1. Measurement of azimuthal asymmetries associated with deeply virtual Compton
scattering on a longitudinally polarized deuterium target
A. Airapetian et al, Nucl. Phys. B842 (2011) 265-298
Eprint numbers: arXiv:1008.3996 (hep-ex) and DESY-10-136
2.Leading Order Determination of the Gluon Polarization from high-pT
Hadron Electroproduction
A. Airapetian et al, JHEP 08 (2010) 130
Eprint numbers: arXiv:1002.3921(hep-ex) and DESY-10-021
3.Effects of transversity in deep-inelastic scattering by polarized protons
A. Airapetian et al, Phys. Lett. B 693 (2010) 11-16
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4.Exclusive Leptoproduction of Real Photons on a Longitudinally Polarised Hydrogen target
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Eprint numbers: arXiv:0911.0091 (hep-ex) and DESY-09-190
6.Transverse momentum broadening of hadrons produced in semi-inclusive
deep-inelastic scattering on nuclei
A. Airapetian et al, Phys. Lett. B 684 (2010) 114-118
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7.Measurement of azimuthal asymmetries associated with deeply virtual Compton scattering
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Eprint numbers: arXiv:0911.0095 (hep-ex) and DESY-09-189



MexxOyHapoOHbIe KoHepeHUUU (4-6 Ooknados om [NUAD e 200)

2008
KpaBueHko IN. “Measurement of Flavor Separated
Quark Polarizations at HERMES”
International Conference DIFFRACTION 2008,
La Londe-les-Maures,
France September 9-14, 2008

MaHaeHkoB C. “Exclusive Electroproduction of $\rho0$

and $\phi$ Mesons at HERMES”
International Workshop on Hadron Structure and
QCD (HSQCD2008), Gatchina June 30 -July 04

BepeTteHHukoB [. “Spin transfer coefficient K_LL in
Lambda photoproduction in HERMES”

16-th International Workshop DIS 2008,

London, 7-11 April 2008

Benoctoukuwn C. “Polarization in Lambda and
Lambdabar production at HERMES.

"The 18th International Symposium on Spin Physics,
Spin 20080ctober 6 - 11, 2008 in Charlottesville,
Virginia, USA

Benoctoukun C. ‘Lambda physics at HERMES”
ECT 2008 International Workshop “Strangeness
polarization in semi-inclusive

and exclusive Lambda production” Trento, November
2008

2009
10.I.HapbiwkuH "A-dependence
of the
transverse Lambda polarisation"
European Nuclear Physics
Conference (ENPCQ9)

Mar 16 - 20, 2009 Bochum,
Germany

l0.HapbiwkuH "Lambda
Physics at HERMES"

XIII Workshop on High Energy
Spin Physics

(DSPIN09)

Sep 1-5,2009 Dubna, Russia

M. KpaBuyeHko “Hermes
measurements of strange
quark helicity distributions”
Europian Nuclear Physics
Conference (EuNPC)

March 16-20, 2009 , Bochum

C.U.MaHaeHkoB “Exclusive
Electroproduction of $\rho09,
$\phi$, and $lomega$ Mesons at
HERMES”
Xl Workshop on High Energy
Spin Physics (DSPINQ9)

Sep 1 -5,2009 Dubna, Russia

2010
C.N.MaHaeHkoB "Direct Extraction of Helicity
Amplitude Ratios in
Exclusive $\rho0$ Electroproduction” XVIII
International Workshop
on Deep-Inelastic Scattering and Related Subjects
(DI1S2010),
19-23 April, Florence, Italy
C.U.ManaeHkoB "DIRECT EXTRACTION OF
HELICITY AMPLITUDE RATIOS
IN EXCLUSIVE $\rho0$
ELECTROPRODUCTION".International Workshop
"Hadron
Structure and QCD (HSQCD2010)", Gatchina 5-9
July, 2010, Russia
KO0.lN.HapblwknH "Lambda polarization at
HERMES"
IX International Conference on Hyperons, Charm
and Beauty Hadrons
21-26 June 2010, AulaMagna, University of Perugia
Perugia, Italy
K0.l.HapbiwkunH "Measurement of the nuclear-
mass dependence of spontaneous (transverse)
A polarisation in quasi-real photoproduction at
HERMES"
SPIN2010 —19th International Spin Physics
Symposium
September 27 —October 2, 2010, Jilich, Germany
[.0.BepeteHHukoB "SPIN Transfer Coefficient
DLL to Lambda Hyperon
in SIDIS at HERMES",
SPIN2010 —19th International Spin Physics
Symposium
September 27 —October 2, 2010, Julich, Germany



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



BACKUP SLIDES



Status and plans of Lambda analysis 2010-2012

1. Recently completed or nearly completed analyses.

A-dependence of Lambda polarization-> draft 83
Status: first circulation.

Longitudinal spin transfer DLL in DIS->draft 88
Status: DLL for A released, DLL for A analysis
1s finished and to be released early in 2011.

S.Belostotski HERMES collaboration meeting November 2010



II. Analyses in progress.

Longitudinal spin transfer DLL in
photoproduction >draft ??

Status:first run of analysis is finished, very preliminary
results obtained.

Draft ?? will include DLL (spin transfer from the beam)
and KLL (spin transfer from longitudinally polarized
target, already released).

A-dependence of A, A,Ks normalized yield in
photoproduction.

Pt and C dependences (Cronin effect 7). Reduced cross
section per nuclear in heavy nuclei.

Status: First very preliminary Pt dependences for A
obtained. Jointly with Yerevan group.

S.Belostotski HERMES collaboration meeting November 2010



11l Analyses planned to be performed.

Study of production of SO (1193).X-(1321), S*+ (1393),
S*- (1388) and their anti particles. Study of hyperon

polarization. ( Preliminary results on hyperon yields
detected by HERMES i1n table 1 below.)

Study of A production in the target fragmentation region
using RD.

Using coincidences of K+ detected with HERMES
spectrometer with A in RD. With a hope to detect
exclusive A K+ reaction.Tentative.

S.Belostotski HERMES collaboration meeting November 2010



VM production with polarized beam and target

Cepeeu M

*

Y o
direct reconstruction of p0
production amplitudes

Reaction mechanism ??

- 1

15 ~
=) HERMES preliminary ® Proton I—O 1k
|_o 0 Z HERMES preliminary ® Proton
gy ep(d)—€pp(d) B Deuteron L
9 — ep(d)—€ p°p(d) ®m Deuteron
|_ N—
T S
2 =
1_
O_
e T - 1 2 3
2 2
Q° [GeV?] Q% [GeV?]

C.Benocmoukut 22.12.09 ceccusi OPB3



Nuclear medium effect on transverse A polarization Opuu H

* n Data 1996-2005 only,
y + A — A + X (2006-2007 will double the statistics)
D_< HERMES PRELIMINARY
0.2 -
New result —unlike hadron L
H ! °He
and heavy ion collisions 0.1- i ‘He 14N 2PNe
2D§ ] ]
strong effect of target on P, 132y
e
O I
SKr 1
0<(<1
-0.1 -
\ \ \ \




MoOoepHu3auusi npospamMmbl 80CCMaHO8IEHUST MPEKO8

AnekcaHop K.

from HRC to HTC

- 3D survey and alignment data

«  Material distribution in the detector

*  Magnetic field maps

*  Beam line offset determination

»accuracy ~100um

-+ Beam line slopes determination
accuracy ~100urad

| Fitted value of par[2]=Sigma |
5¢
4.55
aE
3.5F
3E
2.5F
2F .
e e =

1:_ R

0.5

sl TN T N YT TN T ST S IS T T T A S N
% 2 4 6 8 10 12
Momentum, GeV/c

CylwecTBeHHOe ynyulleHne NPOCTPAHCTBEHHOrO,
YyrfoBOro U UMNynbLCHOro paspeLueHus.
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N, =21090 /\ N, = 55003
o = 2.17 MeV 10 N o =1.71 MeV

31 064 4LX =T
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6
4
2

0 T T T o T T T

1.08 1.10 1.12 1.14 1.16 108 110 112 114 116

s 4 M(p,x ), GeV M(p,x™ ), GeV
x10 x10° 10
- K N, =27251 K: N, =72373
3 S = 6.74 MeV 81 ﬂ ﬁ_.; 5.07 MeV
I n=074 S n =082

6_

2
4

14
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0 T T T T T T 0 T T T T T T
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C.6Bennocmoukuu 22.12.09 ceccusi OOB3



Transverse A\ polarization Data 1996-2000 (RUN | only) Phys Rev. D 2007

e+d(p,A) > A T+X at (Ey) =15.6 GeV P, =0.078+ 0.006(stat)  0.012(syst)

P. =-0.025+ 0.015(stat) + 0.018(syst)

inclusively detected

D.C D.C
02 . {<0.25 02 £>0.25
° A i i { ° A
o1 °* $ $ 01 *A $
#

o w IS
R b

-0.1+ -0.1~

O 02 04 06 08 10 1.2 O 0.2 04 06 08 10 1.2 14
p; (GeV) p; (GeV)

BknroyeHue aaHHbix RUN |/l gact dpakTop 3-5 B uncrne coobITUM,

4YTO 0COGeHHOo BaxHo ana A.

C.6Benocmoukuti 22.12.09 ceccus O®B3



Longitudinal spin transfer DLL’ e+pd=e+A+X

e A _ N4 q
PL’ _DLL"PL
6 . 5q/1
- A qgA
v 4 c A _> DLL'_ZG)CI'DLL’NZCO(J A
:g A q q q
- S >
q =
2 —>
1p g s
\.C
P /

ou od oK)

SU(3), — ——0.16 22-0.64
U d S
Lattice caleulations — 2% — izd = 0.0240.04 25 -068+0.04
u S

26
Belostotski “Strangeness polarization...” Trento, Oct.2008




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

27
Belostotski “Strangeness polarization...” Trento, Oct.2008




AG final result compilation

o 0.8
@) | ;
3 i GRSV-std
1 — GS-C
0.6
J4 = FNS (Kretzer)
1o FNS (KKP)
04—+ —— BB-06

— HERMES Method Il fct. 1
1 -=--- HERMES Method Il fct. 2

-
i I

-0.4 | ® HERMES (Method I)
] a Compass (Open Charm) T

06 1 O Compass (Q2>1GeV2) } A I
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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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