dxkcnepumeHm HERMES

WccnedogaHue criuHo80U CmpyKmypbl HyK/loHa
8 2/1lyb0oKO Heyrpyaom paccessHUU rnossipu308aHHbIX
r1o3UMpPOHO8 (3rieKmpoHos) ripu 27.6 3B
Ha rondpu3osaHHou H unu D muweHu.

OcHO8HbIE Hay4Hble pe3yribmamasl U lJiaHbl
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';'_' FIELD CLAMPS ‘_'1 TRIGGER HODUSCOPE HI

FRONT ORIFT CHAMBERS ——
el ' 170 mag
PRESHIWER 121
DRI 140 a0
Cavges b
P
- ﬂ;li
‘EEI I =Y unu:.rrr & 5:“
TARGET | I l“ uuumn e+
ceLL ¥

HODUSCOPE H)

STEEL PLATE IRD mmmwen 0
olarized lepton beam of 2 —_— ROMAL
- . (o) i
he HERA ring <P,> ~ 54% : I

OPE
T MAGNET ;
T T 1 T T T T T T T
0 1 d 3 4 3 ] ! 8 9 Mm

Hermes spectrometer
Polarized qas target <P,> ~ 85(-84)% Resolution:

Ap/p~1%, AO<1 mrad

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

Excellent separation of 1, K and p with RICH

-l 3 ¥ = A 5 g
seam line - electron beam line
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Summary of HERMES data-taking

e+p (d)=e+X inclusive DIS ~ with Q* > 1GeV Ne(DIS)=180 Mio
¢+p (d)= e+h+X Semi-Inclusive DIS with Q* > 1GeV

E+f) (21) — h+X (eg.h=A ) quasi—real photoproduction with Q> ~ 0

E+p(f), a):> e+h,y+p,n (eg.h=p,p,m..) exlusive reaction Long/tudmal polarlzatlon

year type target
1995-2000 HERMES RUN | polar. %
Beam pol. =51% 1995 SHe 46
1996 H 76
Lumi H,D pol=259 pb-1 > 1997 H 85
1998 D 86
Lumi unpol = 593 pb-1 1999 D 83
2000 D 84.5

(H,D, 3He, “He, *N, 20Ne and 84Kr)

2001-2002 HERA lumi upgrade o
Transverse polarization

2002-2007 HERMES RUN I years  fype |polar%
2002-2005 ‘ H | /8

Beam pol. =36%

Lumi H pol=161 pb-1 :‘> 2006-2007 unpol (RD)

Lumi unpol ~ 530 pb-1
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Bknad NNA® e akcnepumeHm

Hardware:

»MarHuTt cnektpomeTpa (papaspaboTka KOHLEeNLMm, opraHm3aumss Npon3BoacTBa,
YaCTUYHO MHBECTUPOBAHNE, MArHUTHbIE M3MEPEHNS KapTbl NONS);

> [MponopunaHanbHble Kamepsbl (11TbIC.kaHaNoB) B 3a30pe MarHUTa;

» WHBecTMpoBaHue (4aCTUYHO) cnucTteMbl cunTbiBaHus PCOS-4;

» ABTOMaTu3nMpoBaHHasi cuctema oxnaxaeHusa ans frontend PCOS-4 un TRD;

» Cucrtema oxnaxgeHus 4ns CUNMKoH-cTpun getektopa Lambda Wheels;

Software

>_Pa3pa60TKa nporpamm kogmpoaHus cobbltna HERMES Decoding;

»PaspaboTtka nporpammsl yny4weHHoro TpekndHra HERMES TC;
»[1pounssoacteo annos gaHHblx HERMES HRC /DST files;
»[1porpamMmma BbICTPOWKM 3N1EMEHTOB AeTeKTopa Mno Tpekam, 1 np.

> Paspa6otka nporpamm SLOW CONTROL;

DATA TAKING

»[MopaepxaHne MCs, TRD;

»[MNopoepxaHne CUNNKOH.-cTpun get. LW,
»MNopnepxaHne DAQ;

»[a3zoobecneyeHue ;

»[MopnnepxaHne Slow Control;
»0O0bpaboTKka CbIpbIX AaHHbIX;

»PaboTa B kKayecTBe nepuoa KoopauHaTopa,
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[[EPMEC. OcHO8HbIE HanpasrieHUsa aHanusa 3kcrnepumeHmaribHbIX OaHHbIX :

O UccnedosaHue eKknada K8apKog U 2/1l00HO8 8 CIUH HYKII0Ha;

O  UccnedoeaHue ¢pyHkuul ppaameHmauuu KonnuHsa u Cusepca,

c8s513aHHbIX C rornepeyHou rosisipusayuel KeapKos;

Q O606uWeHHbIe NapmMOoHHbIe pacnpedesieHUsI U opbumarnbHoe 08UXeHUe;

Q [MonspusayuoHHbIe napamempsb 8 POXOEHUU 8€KMOPHbIX ME30HO8;

Q [lMapamempsi nepedayu criuHa u rosspusauyus 8 poxoeHuu A (u dpyaux) a2urnepoHos;

QO AHOepHbie aghghekmebi.

O Ob6pabomka cbipbix OaHHbIX U rosiydeHue ¢patsnia 0aHHbIX,

HerlocpedcmeeHHO UCrosib3yemozo 8 aHanuse (UDST).
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[EPMEC. OcHOB8HbIe HarnpasnieHuUs aHanui3a aKkcriepumeHmarsrbHbIX OaHHbIX !

Bknao lNMNs® e aHanus

O UccnedosaHue eKknada K8apKog U 2/1l00HO8 8 CIUH HYKII0Ha;

[TonuHa KpasyeHko —Aq from SIDIS and DIS,
kinematic distributions

[MonspusayuoHHbIe napamempbl 8 POXOEHUU 8EKMOPHbIX ME30HO8;
Cepeeti MaHaeHKkos —p,p,w SDME, direct amplitude reconstruction

O [lapamempsbi nepedayvu criuHa u nosnspusayus 8 poxxoeHuu /A (u dpyaux) aurnepoHos;
LeHuc BepemeHHukos , FOputl HapbiwkuH, CmaHucnae beriocmoukut

— DLL, KLL, Pn-tranasverse Lambda and Lbar

O AHd0epHbie aghchekmeil.

KOputi HapbiwkuH, CmaHucnae bernocmoukuti

— Study of nuclear medium effects on transverse A hyperon polarization

O Ob6pabomka ceipbix OaHHbIX U roslydeHue ¢batsna 0aHHbIX,
HerlocpeodcmeeHHO ucrosib3dyemozo 8 aHanuse (UDST).
AnekcaHop Kucenes—new Hermes Track Reconstruction Code HTC
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[Nonisipu3auyusi KeapKoe 8 HYKJ/IOHe

U crnuHoebIiU Kpu3suc 2009

From inclusive polarized DIS
e (1)+d =e' + X
HERMES (COMPASS) results

AY =0.33+0.02(exp) + 0.03(theo)

(Au + AU) = 0.842 + 0.008 + 0.004

(Ad + Ad) = —0.427 + 0.008 + 0.004

(As + AS) = —0.085 + 0.008(exp)+0.013(theo)

evaluated at

0.021< x<0.9 ag =0.29+0.01 Q2 ~5GeV?

3, = (AU + AU) + (Ad + Ad) — 2(As+ AS) = 3F - D= 0.586

quarks

S A%g;+%+%

L
2 2 Y

/ gluons

3, = (AU + AU) + (Ad + Ad) + (As+ AS) = a, — 3(As + AS)

Y . g=cCc,qg=C

A

- Charm production
9 g
or
PGF
AG another option
A ~ G high P+ of produced
hadrons

A9 _ 0.078+0.034+0.011
g

at (x)=0.204
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Quark helicity distributions using purity method. w
S L - X-Au P - I,
c+p (d):> e+h+X 0.2 +’<’ ,.+:-:':"—+.:-:.’*P S \:.:.\'\-
;_:_:_:_:___:.:.: _.:.:F-_’_:f*’ \:
evaluated at QS =25GeV° o * t
x-Ad
theOry.' 0 C.SLTLT T -Z.:.:_:_:‘:+:_:__ S s + * e T ==
QCD fit to inclusive DIS, +++ """ t
-0.2

SU(3), BJSR required.
Agreement looks fine

0
NEW: o
v'Control of factorization '
theorem;

v'Control of P+ dependence
v'Taking into account
Cahn effect ;

v'Extraction of some combinations [

Of quark helicity distribution
w/0 having purity involved.

Polina K ——>PhD

S 8 S I Y T P e e iy SR
—- BB O01LO
i -~ GRSV 2000
" LO val
= 1 [l 1 1 1 1 M| 1 1 1 [
x-Ad

-0.1




VM production with polarized beam and tarqget

Cepeetu M
' )
direct reconstruction of p0
g g production amplitudes
Reaction mechanism ??
P P’ @
15 — —~
=) HERMES preliminary ® Proton S 1tk
© 0 = HERMES preliminary ® Proton
t ep(d)—€pp(d) B Deuteron b
o — ep(d)—€ p°p(d) ®m Deuteron
& c
3 =
1_
O_
e T - T 1 2 3
2 2
Q% [GeV?] Q% [GeV?]
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Transverse A polarization in photoproduction and DIS, KOpuu H

change of reaction mechanism

hadrons

e+p ()= A+X

quasi —real photoproduction

c
o
2
©
=
c
o
S
°
©
<

5+f) (a):> e+ A+X
Semi-Inclusive DIS with Q° > 1GeV”

PRELIMINARY
e (e,A) reaction plane
e (1,A) reaction plane

. 2
with Q" =0 0
o A (H+D, 96-05)
AN o1 +
‘ pr\
—_— 0 '
n —
‘pj/ Xp/\‘ 0.1+~

O 05 1 15 2 25 3 35

Q° (GeV?)
10



Nuclear medium effect on transverse A polarization Opuu H

* N Data 1996-2005 only,
Yy +tA=>A+X (2006-2007 will double the statistics)
D_< HERMES PRELIMINARY
0.2 -
New result —unlike hadron L
H ® 3He
and heavy ion collisions 0.1 i 4he 14N 2ONe
2D i} ' ’
strong effect of target on P, 132y
O I
NG 1
0<({<1
-0.1




Stay Strange Baryons Avetik

@+ : the final word = full data through ‘07 Avetik, Siguang,

Wouter, Alberto
update spin-transfer Dy1. in DIS ... and explore effect in

photoproduction Denis, Yuri

update transverse “self-polarization” Py in Denis, Yuri,
photoproduction ... and explore effect in DIS ... (Martin)

... A-dependence of transverse A polarization Denis, Yuri
Spin effects in 2, = photoproduction: Py and Dy Yuri

A spin-transfer Knn in photoproduction Yuri

A polarization at xy <0 /4



[y6nukauuu HERMES

Bcezo HERMES onybnukoean 6onee 80 cmamed, u3 Hux 24 c¢
8bICOKUM UHOeKcom yumuposaHus (>50 u ebiwe).

NMUAP B aBTOopckom nucte: S.Belostotski, G.Gavrilov, A.lzotov,( A.Jgoun), A.Kisselev,
P.Kravchenko, S.Manaenkov, (O.Miklukho), Y.Naryshkin, (I.Sanjiev), D.Veretennikov, V.Vikhrov

2009

DC  topic | arXiv status

24 | p-SDMEs |0901.0701 |EPJC 62 (2009) 659
39 | dvecsDunpol | 0911.0095 | NPB proofs resubmitted
47 | nucldves | 0911.0091 | PRC referee comments
65 | Sivers 0906.3918 | PRL 103 (2009) 152002
69 | dvcsHunpol | 0909.3587) JTHEP 11 (2009) 083

70 | ptbroad 0906.2478 PLB pending

71 | AUTrho |0906.5160 | PLB 679 (2009) 100
74 | AUTpi+  |[0907.2506 | PLB 682 (2010) 345
77 | 2-photon |0907.5369| PLB 682 (2010) 351

Bknao INMAD e

nybnukauuu HERMES
Collaboration (Main Drafter)
Cepeeu M. 2+ 1
FOpuu H. 1
lNonuHa K. 1
JleHuc B. 1

C.b. 4 + 2
published

publication in progress



MexxOyHapoOHbIe KoHbepeHUuuu (4-6 0oknados om [NTNAD 6 200)

2008

KpaBueHko . “Measurement of Flavor Separated
Quark Polarizations at HERMES”

International Conference DIFFRACTION 2008,

La Londe-les-Maures,

France September 9-14, 2008

ManaeHkoB C. “Exclusive Electroproduction of $\rho0$
and $\phi$ Mesons at HERMES”

International Workshop on Hadron Structure and

QCD (HSQCD2008), Gatchina June 30 -July 04

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

16-th International Workshop DIS 2008,

London, 7-11 April 2008

Benoctoukun 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

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

and exclusive Lambda production” Trento, November 2008

2009

F0.I.HapbiwkuH "A-dependence of the

transverse Lambda polarisation”

European Nuclear Physics Conference (ENPC09)
Mar 16 - 20, 2009 Bochum, Germany

0.l . HapblwkuH “Lambda Physics at HERMES"
XIII' Workshop on High Energy Spin Physics
(DSPINO9)

Sep 1 -5, 2009 Dubna, Russia

M. KpaByeHko “Hermes measurements of strange
quark helicity distributions”

Europian Nuclear Physics Conference (EuUNPC)
March 16-20, 2009 , Bochum

C.U.MaHaeHkoB “Exclusive Electroproduction of $\rho0$,
$\phi$, and $\omega$ Mesons at HERMES”

XIII Workshop on High Energy Spin Physics (DSPINQ9)
Sep 1 -5, 2009 Dubna, Russia



lnan pabom Ha nepuod 2010-2014 22

1. BasepuweHue rpoepammbl MOOepHU3auUU mpekuHaa

C UEnbio CywecmeeHHO20 yIyqYweHuUs UMryibCHO20,
rPoOCMpPaHCmMBEHHO20 U yario8020 pa3pelweHus.
[lepeocbpabomka yacmu HERMES OaHHbIX C UCIMO/Ib308aHUEM
HOB020 MpeEKUHaa ;s

2. [podomkxeHuUe u 3agepuweHue aHasiu3a OaHHbIX 0 POXOEHUH
a2urepoHos - rorpeyHas nonspulayus, KoagpguyueHms! rnepedayu
CriuHa om roJsspu308aHHO20 ry4yka u om rpo0osibHO ~

U rornepeyHo osIspuU308aHHbIX MuweHeu, pyHKuUU gbpaameHmauyuu ;

3. Sl0epHble aghhekmbl 8 rnosispulayuu 2uriepoHos s

1. Hpoc)omKeHue U 3aseepuweHue coemMecCmHoeo aHarsiu3a OaHHbIX
rno acumMmempusm e eny60KOHeyrlpy20M UHKJTIO3UBHOM U
MOJsIYUHKITIO3UBHOM  paccesiHuu »

5. TpodormkeHUe u 3asepuweHue aHanus3a rno 80CCmMaHO8/IeHU
3asucsaweli om criuHa Mampuubl POXOEHUSI 8EKMOPHBIX ME30HOS.
[psimoe soccmaHoeieHue 3asucswux om cruHa amraumyo.
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MooOepHu3zauus rpoepamMmbl 80CCMaHO8/IeHUS MPEKO8 AnekcaHop K.
from HRC to HTC

CyuwecTBeHHOe yny4lleHne NPpocTPaHCTBEHHOro,

* 3D survey and alignment data YroBOro U UMMYNbLCHOrO paspeLueHuUs.
*  Material distribution in the detector

*  Magnetic field maps
- Beam line offset determination

312

- accuracy ~100um xto” 4 x10
. . . /\ N, = 55003
- Beam line slopes determination . 0 A o= rrmay
accuracy ~100urad 8 R
2 6
| Fitted value of par[2]=Sigma | . 4
5E 2
4.5 . .
= 108 110 112 114 116 108 110 112 114 116
= M(p,n” ), GeV M(p,x” ), GeV
3.5 x10° 4 «10° 10
3E 1 K N, =27251 ] ﬂ N, =72373
E «.= 6.74 Me\.
2.5 i = 81 K g = 5.07 MeV
o 4 ’ S noer . S n =082
- E . 2_ ]
1= 4
0.5 ]
E | | IR PR B 14 ]
% 2 4 6 8 10 12 2
Momentum, GeV/c 1 1
0 T T T T T T 0 T T T T T T
0.44 0.48 0.52 0.56 0.44 0.48 0.52 0.56
M(z";x"), GeV M(z",x"), GeV

C.Bbenocmoukuu 22.12.09 ceccussi OPB3



EMC (1988) experiment and @
DIS of polarized \

muons on polarized AY —01240.09+014=1 I
target > 12+0.09+0.

repeated later on by SLAC

Jaffe sum rule based on SU(3) f.s. :> AT ~ 0.6
and assumption As=0

| =

todate 1
sum rule j> SZ_E_ A2+?G+JQ+J9
AN

quarks gluons orbital motion
C.Bbenocmoukuu 22.12.09 ceccussi OPB3
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HERMES analysis
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Transverse A\ polarization Data 1996-2000 (RUN I 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

02| {<0.25 [ 0.2 ¢>0.25

-0.1+ -0.1

O 02 04 06 08 10 12 0O 02 04 06 08 10 1.2 14
Pt (GeV) Pt (GeV)

BkntoyeHue gaHHbix RUN /I gact cpakTop 3-5 B uncne cobbitUnM,

4yTO 0cobeHHo BaxHo ans A.
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HERMES and world results: DLL" (Xg) e+p,d=e'+A+X

HERMES data — access to current fragmentation domain

2009
Published Phys.Rev D(2006) 2008 ( )
0’ >0.8GelV 0’ >0.8GeV 0’ >0.8GeV
d | < 3 ] relimina 4 1 .
0705 (1sona0m0 O o5) asmezny 075 (oo e
I B ] s O
0.0 * ¢ 5% j 0.0 : b i i% ) 0.0 : i%—%—%}}—%—
T T } 4 1 Y - } Y
-0.5- -0.5 -0.5
1.0+ 1 -1.0 - 1 -1.0
1 ® NOMAD (v N - paX) Y 1 : :;;“:?DN("»AN ;’;)AX) Y 1 @ NomaD (N> uax) Y
1.5+ v E665 (N > w'AX) -1.54 ASS (N o 1 .5 ¥ E665 (N > wAX)
| 4 commmssin s | | = b o | | & couassiununa |
-0.8 | -d.4 | 0:0 | 014 x -0.8 | -0|.4 | 010 | 0:4 X -0.8 ' -d_4 ' o:o ' 014
F F xF
7300 As 26714 As ~55,000 As
D, =0.10 +0.09 D, =0.102 + 0.056
(1996-2000) (1996-2005) (1996-2007)

23
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Semi-inclusive DIS. Quark helicity distributions. Polina K

e+p,d=e'+h+X at Q*>1GeV

_ _ scattered lepton
iIncoming lepton

virtual photo

uud

target nucleon
String Breaking

E" .
z =— hadron fractional energy
\Y,

Al(x,Q%,2) =

quz(xanaz)'

|

fractional q-contributiD

Aq(x,Q%)
q(x,Q%)

h 2
Purity Pq (Xa Q 9Z)
calculated using LUND MC
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Longitudinal spin transfer DLL’ e+pd=e+A+X

o)

v

adronization
\\\\‘ S

©
/
%

\

ou od o X)

SU3), - “2="2=_016 = =0.64
u d S
Laitice calculations — 2% — izd 0024004 25—-068+0.04
u S

25
Belostotski “Strangeness polarization...” Trento, Oct.2008




Longitudinal spin transfer DLL’

e+ p,d —e'+ A+ X

Valid only for current fragmentation !!

P! =D/, -P!
e A
N Za) DquZa)q5qA
S A ¢ 4
q =
o —>
Ik A\ spin structuré >
\
p /
SU(3), — ou_0d _ 16 25064
u S
Lattice caleulations — % =24 — _0.02+0.04 2% = 0.68+0.04
u S

26

Belostotski “Strangeness polarization...”

Trento, Oct.2008



(E p)

Inclusive scattering:
detected scattered lepton
Virtual-photon kinematics:

2 ZIa_b r-2g . R nlJ
Q" =—q  =4EE'sin 5 v=FE—-E

Fraction of nucleon momentum

carried by struck quark: ’

X =

2Mvu

Semi-inclusive scattering:
detected scattered lepton and
produced hadrons

Fraction of virtual-photon energy

carried by produced hadron h: E,
z=—=
v



Hadron Charge Difference Asymmetries

02
60 o
40 o
o]
20 o © .
(o]
o 0 .0 ©& L 2% . ¢ & & * s
1.0p A AT HERMES PRELIMINARY
o A
05 0 A" (compass 2007)

-0.5¢

I S
?0.01 0027

|
i Ujim

——_ -

Polina K

| Asymmetry |

0.6

0.5

0.4

0.3

0.2

0.1

0

-0.1f~

Al " COMPASS

A'ltj.()K)'"r(Kr) HERMES preliminary

Xbj
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AG final result compilation

0.8
1 - GRSV-std
1 — GS-C
0.6
{4 - FNS (Kretzer)
1 - FNS (KKP)
044 — BB-06

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

-0.4 4 e HERMES (Method I)
| a Compass (Open Charm) T
0.6 ] B Compass (Q2 >1 GeVZ) | A |
" ] m Compass (Q*< 1 GeV?)
1 © sMC
-0_8 T T T T T T T T | T T T T T T T T
-2 -1
10 10




A photoproduction mechanism by PYTHIA

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

y—>aq (ss)
< |
= 10
hadrons < { 6=0.25

Z 8+ []
6
4 ; .. oo 38 ¢ : : E
2.

(ud)+s
O | |
0.2 0.4 0.6
g
£A target (ud)

A
A = T <0.25 Jt =3.31GeV )  mechanism

Belostotski spin 08



® HERMES K , preliminary
® E704D,,

0.5-

0.4

Spin-transfer

0.3-

0.2

0.1

HElH

o.o- il N N

-0.1 -

40 15 2.0 25 3.0 3.5 4.0 45

o (Gev)
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