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OcHoBHbIe HanpasneHus pabom

» [onsapusayusi u Cnn p—2p Ha CUHXPOUUKITIOMPOHE
O.Muknyxo, A.Kucernes, A. XKoaHos, A.13omos, J1.Yeapos

» HERMES, aHanu3s akcriepumeHmarsbHbIX OaHHbIX

[1.KpasueHko, A.Kucenes, C.MaHaeHkos, FO.HapbIWKUH,
L.BepemeHHukos, C.bernocmoukut

» OLIMPUS, Hos8bIlU 3KcriepuMeHm Ha yckopumerse

DORIS (DESY)
A.Kucenes, C. bernocmoukud, +?7?7?

» PANDA , GSI

B.Buxpos, KO.HapbiwkuH, A. XK0aHos, A.N3omoes, O.MukKryxo
C.benocmoukuu + cmyoeHmsbl +?777 ....

» Roper resonance excitation
A. lNpokogbes (coemecmHo ¢ nab.Anxa3oea)



NamepeHue Cnn Ha neakux gopax Ha c/u NNA®

[MonesHas ckopocTtb cyeta >8kHz (n ~12kHz Ha CH2 muwieHn)

| NES azimuthal angular distribution |
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HERMES analysis



[EPMEC. OcHOB8HbIe Harnpas/rieHuUs aHanuisa akcriepumeHmarbHbIX OaHHbIX

L  UccnedosaHue sknada K8apKoe U eJ/1IlDOHO8 8 ClrUH HYKJII0OHa,

Q UccnedosaHue pyHkyul chpacmeHmauyuu KonnuHisa u Cueepca,
CB8513aHHbIX C rornepeYHou rnosspusayuel KeapKos;

O  O6obuweHHbIe napmoHHbIe pacripederieHus u opbumarbHOe O8UXEHUE,

Q [lonspu3ayuoHHbie napamMmempbl 8 POXOEHUU 8E€KMOPHbIX ME30HO8;

Q [lMapamempsi nepedayu criuHa u rosspusauyusi
8 poxx0eHuu A\ (u Opyaux) aurnepoHos;

O AHdepHbie aghchekmbi.

O Obpabomka cbipbix OaHHbIX U rosiydeHue ¢hauia 0aHHbIX,
HerocpedcmeeHHO Ucrosib3yemo20o_8 aHanuse (UDST).



[[EPMEC. OcHO8HbIE HanpasrieHUsa aHasnusa 3kcrnepumeHmaribHbIX OaHHbIX :

Bknao MNMuso

O UccnedosaHue ekrnada KeapKos U 2/1I00H08 8 CrUH HyKroHa; | I-npemusi [TUAD
lMonuHa Kpas4yeHko 2008

O UccnedosaHue cbyHKuul cppazmeHmauuu KonnuHisa u Cusepca,
Cc8513aHHbIX C rornepeyHou rosisipulayuel KeapKos;

QO O6obuweHHbIe napmoHHble pacripedeneHus u opbumarbHoe 08UXeHUe;

O [lonspu3ayuoHHbIe napamempbsl 8 POXOEHUU 8EKMOPHbIX ME30OHO8;
Cepeel MaHaeHKoO8

Q [llapamempsi nepedayu criuHa u rnosnspusayus

8 poxxOeHuu N\ (u dpyaux) aurnepoHos;
HeHuc BepemeHHukoe , FOpuli HapbiwkuH, CmaHucnae berocmoukut

O SOepHbie aghchekmebi.
O Ob6pabomka ceipbix OaHHbIX U roslydeHue ¢batsna 0aHHbIX,

HerlocpedcmeeHHO ucrosib3yemozo 8 aHanuse (UDST).
AnekcaHOp Kucenees




lNonapu3sauus KEapKoe 8 HyKI/I0He (quarks >

U criuHoebIU Kpu3uc

From inclusive polarized DIS,
HERMES (COMPASS) results 2007

AY = 0.33 £ 0.02(exp) = 0.03(theo)

(Au + Ai)= 0.842 + 0.008 = 0.004

From semi-inclusive polarized DIS,
HERMES results

AX =0.347+0.024 £ 0.066

xp;>0.023

>0.023

(Au + Aﬁ)‘X _ = 0.599 + 0.022 £ 0.065

S. =%:%A +AG+L, +L,

e (Zz)+ﬁ:>e’+X

—» (As + As) = —0.085 =+ 0.008(exp)=0.013(theo)
(Ad + Ad) = —0.427 + 0.008 + 0.004

e +pd=e+n, K +X

As = 0.028+0.033 £ 0.009

— [xp;>0.023

(Ad + Aa)X ooz = 02801 0.026 £ 0.057



lNonapu3sauus KEapKoe 8 HyKI/I0He (quarks >

U criuHoebIiU Kpu3suc 2008

From inclusive polarized DIS,
HERMES (COMPASS) results 2007

AY = 0.33 £ 0.02(exp) = 0.03(theo)

(Au + A)= 0.842 + 0.008 + 0.004

From semi-inclusive polarized DIS,
HERMES results 2008

AX =0.347+0.024 1+ 0.066

xp;>0.023

0.359+0.026 £ 0.018

>0.023

(Au + Aﬁ)‘X . = 0.599 + 0.022 £ 0.065

S. =%=%A +AG+L, +L,

e (W+d=e +7 (KH)+X

(As + A5) = —0.085 £ 0.008(exp)=0.013(theo)
(Ad + Ad) = —0.427 + 0.008 + 0.004

o Phys.Lett B 2008
e +pd=e+ K +X

As‘X ongs = 0:028+0.033 +0.009
(As + A§)‘X ongs = 0-03720.019 £ 0.0027

(Ad + Aa)X ooz = 02801 0.026 £ 0.057



moeosasa mabriuua no Habopy O0aHHbIX 8 akcnepumeHme  EPMEC

Pan 1. IIponoasHO- HurerpanpHas Yucno Heynpyro-
1995-2000 roxwl, [OJISIPH30BAHHBIC  MHIICHH | CBETHMOCTH paccesiHHBIX AIEeKTpoHOB ¢ 02>1
HOJISIpU3aIMs MydYKa H,D,He3 GeVv2 (DIS)
P;=51% P ~80% 259 pb-t 11.8*106
Henonsgapu3oBaHHbIE
MUIIEHH
H, D, 3He, “4He, N, 619 pb-?! 27.9*108
20Ne, B84Kr

2001-2002 romst
MOJCpHU3AIIH
kosutaiinepa T'EPA

Pan 1. [Monepeyno—
2002-2007 rogwr, MOJIApU30BaHHAas  MHIIEHD
NOJISIpU3aIMs  ITy4Ka H 150 pb-1 7.44*106
Pg=36% P=80%
JleTekTOop OTHAYU HenoaspuzoBaHHbie
2006-2007 roxasl MHIIEHHA
’ H, D, oHe, ‘He, N, 2180 pb-* 98.2*10¢
2ONe, &Kr

Obpabomka cbipbix 0aHHbIX 00 2005 3akoH4YeHa, 2006-7 200bI 8 pabome



HERMES and world results: DLL’ (xp) etrpd=e+A+X

HERMES data — access to current fragmentation domain

Published Phys.Rev D(2006) 008
0’ >0.8GelV 0’ >0.8GeV 0’ >0.8GeV
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Transverse A polarization Data 1996-2000 Phys R‘;’é l? 1\7210)07
P, = 0.078 £ 0.006(stat) + 0.012(syst) J(p A ATax E 15.6 Gel’
P = —0.025+ 0.015(star) % 0.018(syst) e+d(p,A)— +X at ( y> = 12.0 Ge
inclusively detected
D_C D_C
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Lower ¢ (lower t) :> higher A polarization
strong effect of target di-quark

Belostotski spin 08



Transverse A\ polarization (RUN I])

New result — A/Z dependence

strong effect of target on P,

<
al
2
2006-2007data 0
will double the statistics(!!);
Prospects: 0.1
- P, from proton
or neutron target;
« antiLambda;
» possible nuclear
medium effects (??)
-0.1

Data 1996-2005

- A
not yet released
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+ 32Xe
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Talks at international conferences

Criucok 0oKnadog Ha MeXX0yHapOOHbIX KOHGhepPEeHUUSIX 6

1.KpaBueHko 1. “Measurement of Flavor Separated Quark Polarizations at HERMES”
International Conference DIFFRACTION 2008, La Londe-les;Maures,
France September 9-14, 2008 %

2. MaHaeHkoB C. “Exclusive Electroproduction of $\rko0$ and $\phi$ Mesons at HERMES”
International Workshop on Hadron Structure and (HSQCD2008), Gatchina June 30 -July 04

3. BepeteHHukos [1. “Spin transfer coefficient K_LL in Lambda photoproduction in HERMES”
16-th International Workshop DIS ZOOE@ondon, 7-11 April 2008

4. benoctoukun C. “Polarization in Lambda and Lambdabar production at HERMES. ”
The 18th International Sympgsium on Spin Physics, Spin 20080ctober 6 - 11, 2008 in Charlottesville,
Virginia, USA %

5. benoctoukmn C. “Lambda physics at HERMES”
ECT 2008 International Workshop “Strangeness polarization in semi-inclusive
and exclusive L da production” Trento, November 2008

6. Kucenes A. "Study of hadron properties modification in nuclear matter
in (p,2p) reaction in PNPI".
International Workshop on QFS with Radioactive lon beams. Trento, April 2008

7. NMpokodbeB A. "Two-pion production in alpha-p scattering.” International
Workshop Advanced Studies Institute on Symmetries and Spin, Prague, 2008"



Jloknaobl Ha cemuHapax OPB3

22.01.08 C.MaHaeHko8
«OKCKIMHO3UBHOE poXXOeHuUe p u ¢ -Me30Ho8 8 akcriepumeHme 'EPMEC. »

12.03.08 [l.KpasyeHko
«Measurement of Quark Polarizations in Nucleon
in Deep Inelastic Scattering at HERMES»

25.03.08 B.Buxpos
«IkcnepumeHm PANDA e GSI.»

03.06.08 A. lpokopkes
«lonsapu3auusi 8 MPOMOH-POMOHHOM PECCESTHUU MPU SHEpausixX
ebiwe yem 1 [38»

14.10.08 A.Kucenes

«[lepsoe usmepeHue KoaghuyueHma koppensuuu nonspusayud Cnn
8 Yrpy20M pp-paccesiHuu ¢ 8bICOKOU cmamucmu4ecKkol mo4YHOCMbHO
Ha cuHxpouukrnompoHe NNAD. »

21.10.08 Yuri Naryshkin
«PANDA Experiment. Time-of-Flight Detector»



[Ty6nukauuu 2008

1. «Measurement of Parton Distributions of Strange Quarks in the Nucleon from Charged-Kaon
Production in Deep-Inelastic Scattering on the Deuteron.»
By HERMES Collaboration (A. Airapetian et al.). DESY-07-223, Mar 2008.
e-Print: arXiv:0803.2993 [hep-ex] submitted to Phys.Lett.

2. «Evidence for a Transverse Single-Spin Asymmetry in Leptoproduction of pi+pi- Pairs.»
By HERMES Collaboration (A. Airapetian et al.). DESY-08-031, Mar 2008.
e-Print: arXiv:0803.2367 [hep-ex]

3. «Measurement of Azimuthal Asymmetries With Respect To Both Beam Charge and
Transverse target Polarization in Exclusive Electroproduction of Real Photons.»

By HERMES Collaboration (A. Airapetian et al.). DESY-07-225, Feb 2008. .

e-Print: arXiv:0802.2499 [hep-ex]

5. «Cross-sections for hard exclusive electroproduction of pi+ mesons on a hydrogen target.»
By HERMES Collaboration (A. Airapetian et al.). DESY-07-098, Jul 2007.
Published in Phys.Lett.B659:486-492,2008.

6. «Spin Density Matrix Elements from diffractive Phi-meson production at HERMES»
.W.Augustyniak, A.Borissov and S.Manaenkov, arXiv:0808.0669v4 [hep-ex] 14 Oct 2008

7. «Extension of the operational lifetime of the proportional chambers
in the HERMES spectrometer.» G. Gavrilov, et al
Published in Nucl.Instrum.Meth.A591:353-366,2008.

8. «Hyperon production at HERMES»
S.Belostotski and Yu. Naryshkin, preprint PNPI 2757, 2008

9. «First precise measurement of polarization correlation parameter
Cnn in elastic pp-scattering using unpolarized
proton target and unpolarized 1 GeV proton beam.»
A.Kisselev, O.Miklukho, et al PNPI preprint 2782, 2008.


http://usparc.ihep.su/spires/find/hep/wwwauthors?key=7704542
http://usparc.ihep.su/spires/find/hep/wwwauthors?key=7699310
http://usparc.ihep.su/spires/find/hep/wwwauthors?key=7663030
http://usparc.ihep.su/spires/find/hep/wwwauthors?key=7240457

New experiments



Approved by PRC and supported by DESY directorat
2009 200 nodzomoeska u 2010 200 Hayasno uamepeHuUU.
A PROPOSAL TO DEFINITIVELY
DETERMINE THE CONTRIBUTION OF
MULTIPLE PHOTON EXCHANGE IN
ELASTIC LEPTON-NUCLEON
SCATTERING

THE OLYMPUS COLLABORATION

June 23, 2008

THE OLYMPUS COLLABORATION

Arizona State University, USA
DESY, Hamburg, Germany
Hampton University, USA

INFN, Ferrara, Italy
INFN, Frascati, Italy
INFN, Rome, Italy
Massachusetts Institute of Technology, USA
St. Petersburg Nuclear Physics Institute, Russia
Universicit Bonr, Germnany
University of Colorado, USA
Universitit Erlangen-INiirnberg, Germany
University of Glasgow, United Kingdom
University of Kentucky, USA
Universitat Mainz, Germany
University of New Hampshire, USA



OLUMPUS. Study of u,G/G,, ratio in elastic ep-scattering at DORIS

Rosenbluth vs polarization transfer, data

12 SLAC

1O m%%\ i d:q] P 4] % % Rosenbluth data
o e |
< : -
300 | A A ‘:
Toaf i wmmmp Jigb/Hall A

: \%\E Polarization data
0.2 N ]
T N A R S
Q® [GeV]?

Two methods, two different results |



OLIMPUS. Study of u,G¢/G,, ratio in elastic ep-scattering at DORIS.

Contribution from two photon exchange diagram not taken into account
in traditional analysis may be an explanation:

120 O Yount and Pine 1962
- O Browman 1965
115 A Mar 1988
> . > N Blunden E = 2.0 GeV
g " " =] C *  OLYMPUS projected 2.0 GeV
5 1T
(i C
| C
m -
~— 105
-
R (i)
A - 1 —

0.95

0. e e Lo Lo e by L o ba o Lo bl agy
90 01 02 03 04 05 06 07 08 09 1

epsilon
2 %k E3
+
o) _ ‘MBorn + 2ee:epl\/[Born Re(MZy) + 2eeep Re(Me—bremstr p—bremstr)
- 2 * *
o ‘MBom - 26eepl\/IBom Re(M2y) - 2eeep Re(Me—bremstrMp—bremstr)

virtual photon polarization e=[1+2(1+1) tan’ 9/ 2)]_1
2
T= Q
4M;




OLIMPUS. Study of upGE/GM ratio in elastic ep-scattering at DORIS.

DORIS 4.45 GeV, 120 mA

BLAST detector
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PANDA @ GSI

omoersibHbIU 00Knao

Becb FAIR 940 MEU
Bknad Poccuu 180 MEU
Bknad Poccuu PANDA 23 (50) MEU
FS TOF 0.500 (0.989) MEU

2009 200 FS TOF TDR OQosmxeH 6bimb 0006peH
1. Konnabopauueu, 2. akcriepmamu, HaszHa4eHHbIMU adMuHucmpauueu FAIR
MOoJIbKO rocrie 3moao huHaHcuposaHue Ha cmpoumersiscmeao 0demekmopa (!!)

2009 200 HyXHbI cpedcmea
Ha pa3pabomky npomomura , KoMaHOUpPOo8KU U r1p.
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http://www.animated-gifs.eu/christmas-animals-1/001.htm

BACKUP SLIDES



[lpebbisaHue 8 DESY

1.BepemeHHukos /.

2.HapbiwkuH FO.
3.Kucernes A.

4. KpasyeHko [1.
5. MaraeHkos C.

6. benocmoukuu C.

10 mec.  (DESY)
8 mec. (7 DESY+1RUSS)
10.5 mec. (DESY)
11 mec. (DESY)
4.5 mec. (2 DESY+2.5 RUSS)

6.5 mec. (RUSS)



HERMES spin transfer DLL’ (xy;,0°) e+ pd=e'+A+X

First measurement of DLL’ for anti Lambda
Q? dependence ??

~ 0.6 , 06 .
(A HERMES preliminary D—' i HERMES prelipinary A
1 (1996-2005) A 1 (1996-2005) A X
A A | A

0.4 0.4+ !

0.24 0.24 % ][
V' N I l A

0.0 ‘ + . 0.0+— l T
| Bt i

0.2 " 024 |
-0.4 T T T T T T -0.4 T : T T T T T T T T

0.00 0.05 0.10 0.15 X 0 1 2 3 4 5

Go to photoproduction regime with Q2=0

Belostotski spin 08



A photoproduction mechanism by PYTHIA

(E,)=(E,-E,)=15.6 GeV

A to A yield ratio

y—>4qq (ss)
< |
= 10
hadrons < { 6=0.25
Z 8+ []
6
4 ; .. oo 3 s ¢ $ E
2.
(ud)+s
O | |
0.2 0.4 0.6
g
target (ud)

A
¢ —<025 Vi=331GeV ==  mechanism

Belostotski spin 08



Longitudinal spin transfer DLL’ e+ pd=e'+A+X
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Belostotski “Strangeness polarization...” Trento, Oct.2008




lNonapu3sauus KEapKoe 8 HyKI/I0He (quarks >
U criuHoebIU Kpu3uc 2008

1 1
S =—=—AY+AG+L +L
z 2 2 q g
From inclusive polarized DIS, - - = S e
HERMES (COMPASS) results 2007 e (W+d=e+r (K )+X
AY = 0.33 £ 0.02(exp) = 0.03(theo) (As + As) =—-0.085 £ 0.008(exp)=£0.013(theo)
(Au + Au)= 0.842 + 0.008 + 0.004 (Ad + Ad) = —0.427 + 0.008 = 0.004
. . . Phys.Lett B 2008
From semi-inclusive polarized DIS, e 4 ; d—e+ K '+ X
HERMES results 2008 ’
Aszj>o.ozs =0.347+0.024 £ 0.066 As\xgj>0-023 = 0.028+0.033 + 0.009
0.359+0.026£0.018 (As + A§)‘X o = 0.037+0.019 £ 0.0027
(Au + Aﬁ)‘x o0 0.599 £ 0.022 = 0.065 (Ad + Aa)x ooy = —0:280+0.026 + 0.057

Recent lattice calculations B B B B
A.Schafer, Trento 08 AY = (Au+ Au)+ (Ad + Ad) + (As + As) = a, + 3(As + As)

(AS+A§)— 0.0061+ 0.0021 ! a, =3F — D =0.586+0.031 AZ=(O.586i0.031)+3(As+A;)




® HERMES K , preliminary
® E704D,,
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Existing and Future Facility of GSI




High Energy Storage Ring

Injection

HESR

Electron Detecto
cooler

E<8 GeV

Characteristics
Y

P =15GeVic .

L =2.1032 cm-2 s- ' electron cooling

max

g <100 um

Sp/p <105 High resol. Mode: L= 1031 cm=2 s Sp/p < 105

High lum. Mode: L = 2:1032cm=2 s’ dp/p < 104

internal target




TOF wall

Top view of PANDA detector

hadron calorimeter

140

TOF wall

PMT number: 132




1000

750

500

250

Beam momentum 15 GeV

mom interval=0.9-1.9 GeV
sig(tof)=0.05ns

sig(mom)=0.005

kaons protons
== | e
0.25 0.5 0.75 1

reconstructed mass, GeV




To summarize, TOF

needs for identification of forward going charged particles detected by FS
with momenta below 4-5 GeV/c. TOF resolution ~50 ps.
consist of
- scintillation wall (1.4*5.6 m?, 66 strips, 132 PMT)
- side-TOF, inside the dipole magnet -two (1*1 m?, 5 strips 10 PMT)

Cost estimation (not final)

- materials (scintillators, light-guides, optical cement..) — 43000 €
- PMT (PMT, housings, dividers, u-metal shielding,...) — 170000 €

- electronics (TDC, CFD, VME crates, .....) — 120000 €
- HV power supply, cabling — 60000 €
- Support structure — 20000 €
- Test stand — 35000 €

total — 448000 €



Scintillators and accessories: Available in April

BC-408 1400mm*100mm*15mm, edges DTF -one plate - 800 USD
BC-408 1400mm* 50mm*15mm, edges DTF - one plate - 656 USD
BC-408 1000mm*100mm*15mm, edges DTF -one plate - 572 USD

BC-600 optical cement, 250 ml -one ~ 100 USD
BC-630 Silicon Optical Grease, 60 ml, - one ~ 100 USD
total ~2228 USD

(~1790Euro)

The prices for the Scintillators are from the BICRON offer
The prices for the accessories - by estimation

PMT with (divider, housing...) Available

Hamamatsu H6533 (1") -4 PMT 4*1848=7392 Euro
Hamamatsu H2431-50 (2") -2 PMT 2*2278=4556 Euro

PMT total 11948 Euro



Cost estimation

Materials: Bicron BC408 scintillator bar 140*10*1.5cm?® ~ 670€
Bicron BC408 scintillator bar 140*5*1.5cm® ~ 550€
Bicron BC408 scintillator bar 100*10*1.5 cm® ~ 480€
optical cement, etc. ~ 150€
PMT: Hamamatsu R2083, diameter -2”, 2 pmt ~ 7400 €
Hamamatsu R4998, diameter -1, 4 pmt ~ 4560 €
Electronics:  TDC, Phillips 7186, CAMAC, 1 module ~ 4000 €
ADC, Phillips 7166, CAMAC, I module ~ 4000 €
NIM to CAMAC, Phillips 433, 5module ~ 1000 €
Preamplifier, ORTEG 9306, 2module ~ 2000 €
CDF, ORTEG 935,NIM, 1 module ~ 3000 €
TAC, ORTEG 567, NIM, 2 module ~ 6000 €
Quard 8k ADC AD 4BA, CAMAC, Imodule ~ 3000 €
Oscilloscope: Tektronics TDS5104B, 1GHz ~15000 €

Total: ~ 52160 €
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