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s quark distribution Is interesting since it exclusively comes
from ss sea

® The proton electromagnetic form factors is weighted sum of the quark form factors

v,P u,p d,p s,p

® Measuring G%’g’M) not enough to separate the quark form factors

Z, 8 . 4 . S,
GE(%):(1_§SIH29W)GE(M)+( 1+§Sln29W)GE(M)+( 1"‘3SHFHW)GEZ(DM)

® Measurement of GE,(I;\/I) add 2 new egs. Still not enough, but one can extract

1 U d s

= (2 — 4sin’ HW)GW GZ’P

E(M) E(M)
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® assuming that proton and neutron differ only by exchanging » and d

d,n
GE(M) - GE(M) GE(M) - GE(M) GE(M) - GE(M)
G’Y )T 2Gd7p . EG%P . EGS,p

E(M) — 37 E(M) ~ 3 E(M) 3~ E(M)

® quark form factors can be isolated

s, . ; N Z,

From measuring G, ’p ) @nd using the well known G,
and G%” ) One can extract individual quark form factors

G@
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PV asymmetry for elastic electron-proton scattering A = 2L

OCR+OL

A = GFQ2 foEpGg’p + TG}Y\&pGﬁp — (1 _ 4Si112 HW)GIG}QPGQ
V2ra «(GF + (G )

2 y Z
T = « MU e
AM%, e P e P

e = (1+2(1+7)tan?(62/2)) "

e =4/T(1+7)(1 —€?)

G: A
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Goals of the GO experiment:
#® measure the A ~ -3 to -40 ppm with precision of ~ 5%

need 10'3 to 10'* events
high polarization, high current
high count rate detectors/electronics

small helicity correlated beam properties

ool

control over sources of false asymmetries (deadtime, background, ..)

® Separate G4 and G5,
$ Forward angle elastic €+ p - Full range of Q2=0.1-1.0 GeV?/c?
® Backward angle elastic €+ p - @2=0.3, 0.5, 0.8 GeV?/c?
® Backward angle quasi-elastic €+ d - @2=0.3, 0.5, 0.8 GeV?/c?
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superconducting toroidal magnet

segmented large area scintillation detector array
custom and commercial high rate electronics

3 GeV polarized beam in 32 ns pulses

High power 20 cm LH, target cell oA Kperinient

Superconducting
Coils

© o o o o o

Different hardware and electronics
(NA/French) for alternating octants ¢

Electron Beam j

Angela Biselli - Hall C workshop, Jefferson Lab. — p.7/??




GO experimental set-up

Detectors |
(Ferris Wheel) |8
' ' Beamline
§ Monitors

@ Target Service [
=  Module .

@
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Superconducting toroidal magnet
8 coils

[Bdl=1.6Tm

35°<O0pena<86°

¢ acceptance ~ 0.44

Ran at full design current (5000 A)

o000 b

Magnet "sorts" proton by @? in focal plane detector
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16 pairs of arc-shaped scintillators

® along the focal planes of each of the toroid octants

® Back and front coincidence to eliminate neutrals
® 4 PMTsin low field region

Detect recoll protons with 62° < < 78°
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® 20 cm LH, cell, 250 W heat load from beam at 40 ©A

# High flow rate to minimize target density fluctuation

#® magnet focal planes are independent on the point of
Interaction in the target
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32 ns between pulses - 31 MHz time structure

L 3 B )

<

Beam quality achieved (IN-OUT):

o000 b

G@

1/16 of usual CEBAF 499 MHz time structure
higher charge per bunch
required new Ti:Sapphire laser in polarized electron gun

Helicity reversed with a pseudo random sequence: quartet structure + — —+ or
Helicity held constant every 1/30 s (MPS)

AX =6+4nm

AY =8+ 4nm

Ax — angle = 2 &+ 0.3 nrad
Ay — angle = 3 £+ 0.5 nrad
AI/I = —0.3+0.3 ppm
Ener AE =58t 4eV
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Custom electronics design to provide high rate histogram-
ming of time-of-flight spectra

NA: meantimer — LTD — scalers - 1 ns resolution - 24 ns window

FR: meantimer — DMCH - 0.25 ns resolution - 32 ns window

data read out every MPS (captured between helicity periods)

additional Fastbus data (ADC, TDC) at lower rate (3 FB events per MPS) for
systematic studies (singles rates ...)

L 2 I I

From buddy

E: detector
channel B

LTD

channe A §

FR
~ [PMT]
4

BR

[sPLIT| [SPLIT] [SPLIT] [SPLIT]

N TR
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Detecting recoil protons

16 x 8 time-of-flight spectra

event rate of about 1IMHz

PID by time-of-flight: p 20 ns, 7+ 8 ns

x10°
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# For each helicity state (MPS) — Y [#counts/nC]

# For each "good" quartet (e.g. + — —+) —

A _ Y1_|_—|—Y2_|_—Y1_ —Yo_
Yi4+Yo +Y1_+Yo_

#® \Weighted average of all quartets asymmetries

Not so easy....
® Deadtime corrections Y, = 1;’“_—0}“ f =10 —-15%
® Correct asymmetry for helicity correlated beam properties P;
Acorr = Ameas — ,fil % g—;;)APz AP; = P_|_ — P_

® |eakage correction A, .. = Acorr + %( — %)AIL

. A’ _A
® Background correction Ag;, = —corr - back fback
stg

ization/radiative corrections A,y s = Acorry

® Beam
p PbeamRrad

G@
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Electronic deadtime depending
on rates — helicity correlated
Yo =(1-YF

fx R

f ~ 10% before corrections
Afalse ™~ _f(AQ T Aphys)

Two "kinds" of deadtime:

® deadtime associated to coincidence rates
— NPN — corrected for analytically

® deadtime due to "singles" — need to mea-
sure/estimate singles rates — FB data
and/or scalers

G@
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Unanticipated effect: Leakage from Hall A,B lasers into Hall C

# Hall A,B beams and Hall C have different time structure (2

ns Vs 32 ns)
® BCMs measure integrated (30Hz) A+B+C charge
I Y 3
Amea,s — Aphys — %(1 — %)AIL E.
I, I leakage, Hall C currents o' SEHEaH, TRF:
Ay, leakage charge asymm 10" &
Y:,, Yo leakage, Hall C yields
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To correct for this effect:
#® measure the leakage asymmetry in a "forbidden" TOF region

# verify with direct leakage measurements by turning one
laser on at the time (Lumi detectors)

o verify with low rates runs i

i
Leakage current I;, = 40 nA <
Charge asymmetry A;;, = 500 ppm t
net systematic 0.1 ppm b

Aphys = A as T AA

e A
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Need to measure dilution factor
of elastic peak and the asym-

metry of the background

>

X

>

Data with full and empty targets, different
pressures

Data with dummy entrance and exit
window

Data with W radiator and dummy windows

unfold background from target
windows and the inelastic scat-
tering from LH,

G@
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"Side-band" correction: Asymmetry and yield measured on either
side of elastic peak = interpolation

® low/mid Q)? - error ~ 2% - 5%

# high Q? - present estimate 7 % - 20 %

| asymmmetry (eakage comuctad) vs ToF FPD & IN-OUT | [ asymmmetry (loakage corrected) v ToF FPD 13 IN-OUT |
= 40 = 40
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Asymmetry(ppm)

Asymmetry(ppm)

IN+OUT asymmetry of elastics and side-bands, 02/11-04/16

NA&FR cutl asymmetry (IN+OUT)

N
IIIIIIIIIIIIIIIIIIIIIIIII
—
L
—a—

—

—
——

—

—

—

IN+OUT = 0.32 +0.52, x2/v=1.1

0 r 1 l
1 1 1 1 1 1 1
0 4 6 8 10 12 14
FPD number

NA&FR elastic asymmetry (IN+OUT)

o

IN+OUT = -O.OQI +0.19, x2/v=1.6

111[ I

]

IIIIIIIIIIIIIIIIIIIIIIIIII
—
—
—
—_—
—

0

!
2 4 6 8 10 12 14 16
FPD number

Asymmetry(ppm)

Asymmetry(ppm)

-10

NA&FR cut2 asymmetry (IN+OUT)

N o mn s
[Trr [T rrrrrprrrs

A

&

O|||||||||||||

IN+OUT = 0.15 +0.53, X2/v=0.8

-—

—_—

——
—

——
H
—n-

——

1 1 1
2 4 6 8 10 12 14
FPD number

NA&FR cut3 asymmetry (IN+OUT)

10

IN+OUT =-0.70 £1.01, x2/v=0.8

——
—
—
—T—
—t—
H
—
H
——
——

o

!
2 4 6 8 10 12 14 16
FPD number

Angela Biselli - Hall C workshop, Jefferson Lab. — p.21/??




\ 4

source error
Deadtime correction 2 %
Beam param false asymm 0.01 ppm
leakage 0.10 ppm
Beam pol 2 %
Background under study
Bin Q? 1 %
Radiative corrections, EM form factors to do

7 + aGs, error probably dominated by background error,

especially at high Q?

G@
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Presently estimated uncerM
ties (statistical + systematic)

GO expected precision (statistic + systematic)

Asymmetry (ppm)
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Back-angle measurement to separate
G5 and G5,

o
]

Detect scattered electron at 8, ~ 110°

Back-angle Q? have small variation in GO

acceptance

® 3energies 424, 576, 799 MeV for
Q? = 0.3, 0.5, 0.8 GeV?/c?

® Need to extract G4

® all measurements on both LH> and LD-

® Setup turned around + new hardware and

electronics

® Cryostat Exit Detector (CED) to separate
elastic and inelastic electrons

® Cerenkov detector for pion rejection

t run - Fall 2005

G@
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GO forward angle run complete
Analysis well underway
Background likely to dominate the errors

Back angle run in Fall 2005

© o o o @

In a few years we will have G%, and G5, for several Q*
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