5P1h~DcPcndent Electron Sca ttcrlhg from
Deuterium at BLAST

MIT-Bates Linear Accelerator Laboratorg
Atomic beam source internal target
59mmetric BLAST detector

SPin~deP6ﬂdent electron scattcring from deuterium

= elastic scattering
o quasi~elas‘cic scattering

= inclusive
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MIT-Bates Linear Accelerator Laboratory

_j/ i
Polarized %lrce Linac 5 POl

- St &’ “
Recirculator - "v
OOPS | ~+BLAST ¢
’. | 10 | #
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.
".F—“'}
South Hall Ring
Polarisecl electron source SOuth ha” electron storage ring
° Photoemission on HGD GaAs e siberian snake
e 70 % polarisation e 65% olarisation in rin
P P S
500 MeV linac with recirculator e stack to 225 mA, 30’ lifetime
. Polarisecl electrons up to 1 GeV * reverse beam helicitg each fill
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Compton Polarimeter

Online monitor of beam Polarisation n ring

5W laser, 532 nm, circular|9 Polarisecl incident on
oncoming electron beam

backscattered Pho’cons detected in Csl
laser helicitg ﬂippecl in Pockels cell
asymmetry yields beam Polarisation

chop er wheel to measure background
simulgneouslg

tgpical Polarisation 65 %
sgstematic uncertaintg <3%
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Internal Gas Target
Atomic Beam Source (ABS)

To Turboe Pump To Turbo Pump

/ /

e

Dissociator

Nozzle

Sixpole System 1

Cryo Pump MFT Transition

Sixpole System 2

Getter Pump

Target Magnet Ky
SFT Transition

To lon WFT Transition

Polarimeter

To Turbo Pump

Target Cell

Getter Pump
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Focusmg maénets and RF transitions
oPulate an transport clesn”ecl spm
states to target ce”

60 cm long, open ended target cell
isotopica”9 pure Hand D

raPic:Hg change spin states (5'/state)
tgpical D target clensit9

tgpical D Polarisations (e;o and 5

6 x 10" atoms/cm’]

P, ~80%
P, ~68%
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Bl AST Detector

DRIFT CHAMBERS
\5 TARGET
EAM
MAGNET
't:s;'-iv,‘:'{. i CEREN KOV
i
TOF
NEUTRON
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Toroidal magnetic field
ARy ¥ kG max
Drift Chambers
e 3 chambers/sector
o 2 suPerlagers/chamber (£5°)
* ?}sense lagers/supeﬂager
e 18 tracking lagers/sector
e 954 sense wires
Cerenkov Detectors
e 1cmthick acrogcl
o clectron identification
Time of ﬂight scintillators
e 16 vertical bars, 2.5 cm thick
s trigger and relative timing
Neutron detectors
e 10 cm thick in left sector
e 25-30cm thick in right sector
2 level, 8 channel trigger, buffered DAQ

e concurrent data acc]uisition
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Time of F/[ght Coincidence for cp Elastic

Proton Scattering Angle

|III|III|III|III|III|III|III|III|III|III|III|

RN

Electron Scattering Angle
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Kinematics for Splh-—DcPcndcnt Electron Sca ttcnhg

Electron
Left

ortentation plane

2ty

reaction plane

scattering plane

Electron -\ ' é/
Right L20 &&éﬁil

5cattering lane For BLAST

e incident and scattered electron * target Polarisation 32° or 47° horizontal
into the left sector (T, and G

Electron scattering into left sector
¢ vector ~Perpenclicular to target sPin

el vector
Orientation Plane

e direction of target sPin vector
Reaction Plane

e reaction Procluct momenta

e enhanced neutron detection in right
Electron scattering into right sector
e q vector ~|:>ara”e| to target sl:)in
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BlLAST Data

2004 Polarized Deuterium collected charge,
total

1500

B Beam on
1250 -

0 Beam to experiment
1000 -
® Data taking on

750 --

B Pol. Deuterium on tape

500 [

250 Lo

Collected charge [kC]

0

0 0 & RO &N
< 2" & &% ol o W2

N KL\ S\
AN '»"\Q o rLQ\ EAMRAMIAN &

S &S OO0 R R N
27 a2 O OO > O 07 cet et o
W WY 9" @
N o a0 oo O qj\\v W @

2004 - Polarised Deuterium
e« 170 pb' on deuterium
2004 - Polarised Hgdrogen
e 94 Pb" on hgclrogen
2004 data, in general, all analgsecl
Working on details and sgstematics
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2005 Polarized Deuterium collected charge

m Beam on

o Beam to experiment

- | mDatataking on

H Pol. Deuterium on tape

120 Pb" on deuterium to date
expect additional 120 Pb"
more than double 2004 statistics

Data presented covers 2004 and some
of 20 S5 depending on channel
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Deuteron Form Factors from Elastic Sca ttcnhg

Electromagnetic structure of deuteron has b, form factors

Ge, Gy» and G|
¢ G, arises from D st:

Unpolarised exl:)eriments unable to resolve GQ

e Rosenbluth separation insutficient

‘ v : 8 9 : 2 . 2
A(Q?) = G&(Q?) + 0 GR(Q?) + 731G (Q)

Need additional measure , 4 asymmetr
Bo?y 4 2 [asymmetry
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Quasi-FElastic Sca ttcnhg from Deuterium

Deuterium reacli|9 breaks up into two K'=(e’,e’) Po=(Ep.Pp)
nucleons

e e+td—e'+ ptn
® electro-—clisintegration

d (e,e'N)N cross section can be written
as:

72" *ed

,ns(h,PZ,PZZ) = SO(I + PZA?{ + PZZAE +hiA, + PZAeVd +P AL ))

~GeGy

= 0 for S state
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Deuteron Wave Function

Deuteronis a sPin =1 nucleus

o grouncl state an aclmixture OF L=0O
and L=2

Tendol T Selt DA L Bl Rr)- o

Fourier transForm to momentum space

RL (fmalz)

— —_ — — 1 — — —_
I.Erp_rnep:_,ﬁ)p_p = Py
1.=2 component dominant aE)ove 0.5 GeV

~ ~

Ro(r) = Ro(P) » Rolr) = Ry(p)
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Quasi-Elastic c’P — Mli‘ss:hg Mass and Momentum

d(e,e’p)X Missing Mass

Onlg the e~ and pare measured T

° ac’cua”y measure d(e,e’l:))x
Define “missing” energy,
nkmﬂenhﬂﬂ,andrﬂass:

Ey=my+w-E;

Demanclﬁm

= e to ensure X = n

Racliativé“&%é%ﬁs‘ Py

Fermi motion
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d(e,e’p)n Beam-Vector Asymmetry A

v4Vs. py (0.1GeV *<Q?<0.2GeV ?)
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Beam-Vector Asymmetry with Q2

d(e,e'p)n Beam-Vector Asymmetry A 1, Vs. p,, (0.2GeV *<Q?<0.3GeV ?)
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Tensor Asymmetry with Q2
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Blue curve
e Galster parameterisation with
Platchkov modification

_ T a = 0.906
1+br P b=3.53 \

Black curve
« Al Collaboration {:o”owing
Friedrich and Walcher
«  non-relativistic constituent quark
model
. c]ﬁarge radius wrong

Red curve - BLAST fit

« form as Al Collaboration
e constrainto get charge radius
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BLAST Fit
BLAST fit €Al Collaboration € Friedrich and Walcher
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N=N interaction
lattice QCD
C]C‘FCCtIVC ﬁeld theo




Inclusive Electron Sca ttcnhg from Deuterium

Measuring Gy" From vector asgmmetrg
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Inclusive ed Scattering - Gy’

Super ratio, A, /Ag, even more sensitive
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G, from Inclusive Scattering
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Ratio of Gp/G, P at BLAST
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