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TTnaH aoknana

TTpobnema nsmepeHUs POpM-pakTopa NPOTOHA
dkcnepumeHT OLYMPUS

YuacTtue TTNSL® B akcnepumeHTe

CTatyc un bnmxamvlume NnaHbI



PopM-PpaKTOp NPOTOHA
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pacnpepenieHmne 31eKTpuyecCKoro 3apaaa u MarHeTmu3sma B NpoToHe

Onpepnengetcsa KBAPKOBOU CTPYKTYPOU MPOTOHA
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. JkcnepumeHT OLYMPUS

HakonutensHoe konbuo DORIS (DESY, Nambypr), 3nekTpoHsbI u
no3uTpoHer, >100mA

BHYTpeHHAaa NpoToHHasa rasosas muweHb ~3*10 atoms/cm?
@ 100 mA — L = 2x1033 cm-2s™!

(MoaumpuumpoBaHHbIN) cnexkTpometp BLAST us MIT

N3mepsaemas BenMUMHA: OTHOLWEHWE CeYeHUU ynpyroro e*-p u
e -p pacceaHusa npu 3Heprum 2.06eV s auanasoHe [0.35 .. 0.90]
no £ npu Q2% po ~2.2 (6eV/c)?

TTpeumsmoHHoe MOHUTOPUPOBAHWE CBETUMOCTU

NHTerpanbHas owubka nsmepeHus <1%



Bbonbwou yrnoBon 3axBeart:
20°< 0 <800, -15° < ¢ < 15°

MAFHUT B__ = 3.8 kG

OPEWUTOBBLIE KAMEPLI
TpekuHr, PID (3apsn)

CUMNHTUNNATOPbBIL
Tpurrep, ToF, PID (p/n)

TTepexop ¢ 3nekTpoHOB Ha
NO3UTPOHBL ~1 pa3 B AeHb

CMeHa NongapHOCTU marHuTa ~1 pas
B AeHb

YcTaHoska Lumi mMoHUTOpOB

My4YoK

>

CnexktpomeTp BLAST

OPEN®OBbLIE KAMEPbI
MULLEHb

-

CUMHTUNNATOPDI
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: Konna6bopauusa OLYMPUS

MIT u yHueepcuTtetbr Arizona, Hampton, Colorado,
Kentucky, New Hampshire

DESY u esponenckue rpynner (Bari, Ferrara, Rome,
Bonn, Erlangen, Mainz, Glasgow)

TTN9® v EpdM

YuacTHuku npoekta ot TTNG®: C.benoctoukuia,
[.BepeteHHukos, I.l'aspunos, A.XXaaHos, A.N30708,

A.Kucenes, TT1.KpasueHko, A.Kpuelmy, O.Muknyxo,
FO.HapbIwkuH



CTaTyc 3KCnepumeHTa

OpobpeH DESY PRC B mae 2009

TTonyyun opobpeHmne mexayHapoAHOU 3KCNepTHOU
Komuccum u ycnewHo npoweén Technical Review 8 DESY 8
ceHTabpe 2009

US DoE noateepanno muHaHcuposaHue 1.5 mecaua Hasaa

Now! Ob6cyxaeHue TDR u MoU

2010 HocTtaeka cnektpometpa BLAST B DESY, moanopukaums
DORIS, koHCTpymMpoBaHUe MOHUTOPOB CBETUMOCTU

2011 YCTaHOBKA U TECTUPOBAHUE AETEeKTOopa Ha nyuyke

2012 Habop AaHHbIX

2013-2014 | O6bpaboTka v aHANU3 AGHHBLIX




Bknaa TTNA® B skcnepumeHT

Monte-Carlo moaenuposaHue

TTocTaBka B 3kcnepumeHT ep-elastic moHUTOpa cBeTUMOCTU
Slow Control u Online Monitoring software

Detector alignment u tracking software

MHcTannauma, Tectoebie UsmepeHus, Habop AAHHBIX
O6paboTka 1 aHanU3 AGHHLIX



ep-elastic moHUTOp cBeTUMOCTU

2x Teneckona nopa 12° (GEM akcenTaHc):

MWPCs

%GEM' WPCHibC
’rr' (redtftdanc

MoHuTopuposaHue
3ppeKTUBHOCTU GEM'oB
timing (ynyuJweHue
COOTHOLWeHUA cUrHan/goH)

Luminosity Monitor

TecToBbIe UdmepeHUsa Ha nyudke yxe B 2011 roay? Target and Chamber



onn’re-Ccrlo ana BhaBha/Moeller moHuTOpa

§ .0
g f
b‘"c: - \ Moeller
o \/ / (ee">eve)
] Ar:ni_hila‘rion PbF, kanopumeTtp u3
\ / (ee” > ) akcnepumeHTa A4 (Univ. Mainz)
B — BhaBha
(ete” > e*e’)

o, graci
@25mrad, ~3m oT muLeHU

TTonesHbIM cueT: aecatkm kHz

GEANT4 Monte-Carlo moaenuposaHue:
PacnonoxeHue, akcenTaHc, CYETHOCTb
YyBCTBUTENBHOCTb K MOMOXEHUHO MyYKa
PoHOoBbIE 3arpy3ku




ep-elastic MOHUTOpP CBETUMOCTU, Kamepsbl

2x3 moayns (+1 3anacHol)

XY-nnockoctu B 0oAHOM moayne
C BLIBOAOM Ha oaHy backplane

War aHOAHLIX MPOBOSIOYEeK 1mm
3a30p AHOA-KATOoA 2.5MM

akTMeHas 30Ha ~100x100mm?,
CMeLLEHHaa K kparo frame'a

LeCroy PCOS4 readout (INFN Rome):

VME ctaHaapT, mépTtBoe Bpemsa ~15us, multi-event 6ypepusaums
fast cathode OR signal (Tpurrep)

MOXeT paboTaTb B CUSIBHOM MArHUTHOM none ...

.. U B ycnosusax obnyyeHus CUHXpOTPOHHOM paauaLlmeis



Slow Control u Online Monitoring software

NHTYUTUBHO-NOHATHBLIN CNOCO6 rpadpuyeckoro
NpeACTaBNeHUa AaHHBIX O COCTOSHUU AeTeKTopa

ApXUTeKTypa "KnueHT-cepeep”

OLYMPUS Status Bar

Govmpusstaussar
e | voun |_roer | E_J-_I---AI
| GAS status N [a] P13

ﬂrgnn Bottle lewel iz low

OnbIT UCNOSTb3OBAHUSA B
3kcnepumeHTe HERMES

YcnewHoe npymeHeHue B
nonspusaunoHHou (p,2p)
nporpamme B ["aTunHe




Summary

SkcnepumeHT OLYMPUS npuHAT K nocTaHoBKe

TTUS® 6yneT urpatb 3ameTHyHO posib B MOArOTOBKE,
NpoBeAeHUU 3KCMepUMeHTa U aHanuse AaHHbIX



|ep—e|as‘ric MOHUTOP CBETUMOCTU, CUYETUUKU

BC-408 ~100x100x15mm? V775N CAEN TDC readout:

Hamamatsu 1" R4998 PMTs B

(p,22p) 3KkcnepumeHT B TTUA®: kopoTkue NUHUK VME CTaHAAPT, MepTBOE Bpems
3B LeCroy LEDs: <150ps BpemeHHoe ~B5us, multi-event 6ypepusaums,

paspelueHue block transfers



Survey, alignment & tracking software

BLAST reconstruction display

BLAST - OLYMPUS

TToBbIWweHHbIe TpeboBaHUS K
BbICTPOUKe AeTeKTopos (survey +
alignment with tracks)

MakcumanbHO BO3IMOXHOe
paspeleHue No NapameTpam
TPeKoB U CLUUBKE BepLUUH

BknroyeHue GEM'os B tracking

Tracking ana ep-elastic Lumi
MOHUTOPA

OnpeaeneHue beam line
napameTtpos U3 tracking'a



Tekywme nnaHel (Npon.kamepsr)

01-02/2010

OnpeperneHue mecta pacnosioxXeHUs U reomeTpum Moayemn

03-??/2010

Pa3paboTka An3anHa

??-10/2010

N3rotosneHue u tectuposaHue 3-x XY-moaynen (1 nneyo moHutopa)

11/2010

UcnbiTaHua 3-x moaynen Ha nydke B TTUSP

09-12/2010

BknroyeHue B DAQ

01-12/2010

TToarotoeka LV, HV, cabling, rasoeout cuctemsr u Slow Control 8 DESY

12/2010

YctaHoBka 3-x moayneu Ha nyyvok B DESY B TectoBoM KoH®pUrypaumm

01-06/2011

TecTtoBbie (poHOBLIE) U3MepeHUus B DESY

01-06/2011

N3rotoesneHue, TectuposaHue u ucnoitaHua B TTNA® ewe 3+1 moayneu

07/2011

YcTaHoBKa Bcex 2x3 moaynew Ha ny4ok B DESY

08-12/2011

OLYMPUS commissioning

01-12/2012

Habop AaHHbIX




Tekywme nnaHbI (CYETUMKM)

01-02/2010

OI'IPZ,D.CJ'IZHVI@ MeCTa pacnosioxeHmna u reomeTpumn CYETUMKOB

01-03/2010

3axkynka cuuHTUnnaTopos (u #3Y?)

04-10/2010

M3rotosreHme CYETYUKOB

11/2010

McnbrtaHua Ha nydke B TTUS®

09-12/2010

BknroyeHue B8 DAQ

01-12/2010

TToaroTtoeka HV, cabling, u Slow Control B DESY

12/2010

YctaHoBKka Ha nyyok B DESY (1 nneyo)

01-06/2011

TecTtoBbie (qpoHOBLIE) U3MepeHUus B DESY

07/2011

YcTaHoBka Ha nyyok B DESY B OkoHuYaTenbHOM KOHpUrypauum

08-12/2011

OLYMPUS commissioning

01-12/2012

Habop AaHHbIX




JKkcnepumeHT: Rosenbluth separation

CeyeHue ynpyroro 3s1eKTpoH-MpOTOHHOIO paccesaHus
B OAHO(OTOHHOM MpUbINXEeHUU :
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JKCNepUMeHT: nepeaaya nonapusaumum

— —
e+ p—>€-+Dp
MeToa: usmepeHue oTHOWeHWA nonepeydHon (Fr) u

npoaonbHoOU (F)) KOMNOHEeHT BeKTopa nonapusaumm
NPOTOHA OTAAYM B NISIOCKOCTU pacceaHUs

B oagHO®pOTOHHOM NpUbnnxeHuu :

&__ 2¢ GE
P, T(14+¢) Gy




TpekoBas cuctema

* apelipostie kamepsr (2x9
NSIOCKOCTel)

- GEM upgrade
- paspelueHue

- oT60Op NOMe3sHbIX
cobbITUU
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BLAST Detector for OLYMPUS
Reduced BLAST detector

e support frame

o toroidal magnet

* wire chambers

 time of flight scintillators

Upgrades to BLAST

e new target cell and chamber
e better TOF coverage

e luminosity monitors - M. Kohl
e improved tracking

e Other ?77?
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OLYMPUS. Study of ratio in elastic ep-scattering at DORIS.

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

s ) Yount and Pine 1962
- O Browman 1965
I 115 L £ Mar 1968
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JLAB Polarization Transfer experiment

transvesre component P, no precession
longitudinal component P[0 precesses
with the angle =vy(p, —1)Og

e —==B_" dipole
'4
P
Pt t
K e
e —\\ 0 -
P dipole | proton
e P HRSp polarimeter
P, K
p
Polarized e-beam : :
P, Vertical bending
0.934-4.091 GeV, ©g=45 deg.
5-15 pA.

S.Belostotski Seminar HEPD, April 09




Competition

JKCMNepuMeHTbI, HalefeHHbIe Ha U3mepeHue
OTHOLWEHUS YNpyrux e*-p u e-p cedyeHuu

Epean | CBETUMOCTD c Q? Cpoku
GeV | cm?sec! " (GeV/c)?
VEPP-3 1.6 ~ 103! 0.4 0.1..1.8 | 2010 - 2012
JLab 5.7 | ~13*1033 0.2 05.21 2012 - ?
OLYMPUS | 20 | ~2.0*1033 0.4 0.6 .22 2012




[pyrue skcnepumeHTbI

JLab

Approved experiment to compare e*p to ep elastic
scattering using secondary beams and the CEBAF Large
Acceptance Spectrometer. Challenging systematics.

Novosibirsk

Similar experiment fo DESY experiment has been
considered. Positron currents are about an order of
magnitude lower. No momentum measurement.

Parity violating electron scattering

Experiments at JLab and Mainz which measure transverse
spin asymmetries are sensitive to fwo photon effects but
not directly fo the contribution which enters in GgP/GP.



VEPP-3 experiment

~

Detection System, VEPP-3.

Plastic
Scintillators

Daift Chambers

Meller/Bhabha

Monitor

S.Belostotski Seminar HEPD, April 09



OLYMPUS: counting rates

Counts vs. epsilon
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* Sufficient counts at all angles only for E<2.3 GeV

* Epsilon = 0.4 achievable
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BLAST@DORIS (OLYMPUS): acceptance

z 2
epsilon vs. Q
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* Lowest epsilon ~0.4 only for E < 2.3 GeV
* At epsilon = 0.4, require E>2 GeV to maintain Q% > 2 (6eV/c)?



15 |

beGy/ Gy

0.5

0.0

Prediction: proton form factor ratio

Blunden et al.
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Rosenbluth separation, illustration

2 . 2
Gyt < Ge
4 data
\ 2
N G,, alone
> &



Possible explanation of discrepancy

Speculation : there are radiative corrections to Rosenbluth

experiments that are important and are not included

missing correction : linear in g, not strongly Q2 dependent

2 o 2 2 . 2
+ — —_
Gy K Ge data GM+“‘I: Ge
} _ ) data
gives Gg %} gives Gé
i i
G,, alone” Gy plus extra G, alone”/ Gy Plus extra
radiative corr. radiative corr.
0 1" 0 1 °
Low © (Low Q?) High © (High Q%)

Gg term is proportionally smaller at large QZ

effect more visible at large Q2



Upgrade: GEM vertex detector

« GEM = Gas Electron Multiplier
—irftrodueed-by-F—Sauti-in-mid-90's, F. Sauli et al., NIMA 386 (1997) 531

Copper layer-sandwiched kapton foll
with chemically etched micro-hole

pattern
gas amplification in the hole

o
;/ Drif
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3mm 6’:‘ Drit Gap
- - - :}:ﬁ}---------g- GEM
2mm A l (| Transfer Gap h‘:
s GEM
Wil C
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1\ '.f', . i?,ll:". L
= Lo - GEM j
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i P — — Readout

PCB
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Electronics



| Upgrade: forward luminosity monitor

- l . |

2 tGEM trackers, 30msr, 10°, " 2m |
R=160/230/300cm, dR=70cm, 3 tracking planes

0—0° g1

— \\ TPE effects — 0
TW\ ........... \ ----- > Forward trackers
S S
upstream |--'-‘.‘.'.'.'.-r. ................... [, / g
‘Fﬁ%@fnﬁﬁﬁﬂz :&Eﬁ%§ [ / ..... > 100
- __,.,:g‘._g?s'.ﬁf& == ﬁiﬁﬁl ﬁ



Projected
_ OLYMPUS
uncertainties

« Luminosity = 2 x 1033 cm-2 s
» 500 hours each for e+ and e-
« 2 GeV energy

M. Kohl

Richard Milner

1.15

1.1

e* /e Ratio

0.95

2 Yount+Pine 1962

O Browman 1965

L

M Mar 1968

-

IIiI-lII-IIlIJII|lIII

T

—e+— OLYMPUS projecied 2.0 GeV

Yang, E=2 GeV

— — Blunden, E=2 GeV (g.s.)
Blunden (g.s. + Deita)
e BOTISYUK, E=2 GeV (g.s5.)
------ Gorchtein, E=2 GeV (inel.)
— Afanasev, OX=2 (GeVic)®
- = Afanasev, OF=5 (GeVic)®

—=— Kivel, @ = 2.2-4.5 (GeV/e] (Coz)

—a— Kivel (BLW)

- —
. - . v
|IIII|IFII|IIII|IIII|IIII

-
IJIII

0 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9

epsilon

1



OLYMPUS Kinematics forE _,  =2.0 GeV
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D.K. Hasell 16 15 September, 2009



Angular Acceptance

OLYMPUS Kinematics for E _,  =2.0 GeV
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Momentum Range

OLYMPUS Kinematics for E ., =2.0 GeV

T F
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Epsilon Range

OLYMPUS Kinematics forE . =2.0 GeV

)

0.9

0.8

/

0.7

0.6

0.5

o
~

e
X

/-‘

o
)

O
N
o
=
o
o)
o
™
=



DCld 1Vl FI1ULWUII

OLYMPUS Kinematics for Ebeam = 2.0 GeV
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