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Electromagnetic Structure of the Deuteron

do _
(E)Hﬁpﬂf — ﬁMﬂrrﬁ‘E{} )

S = A(Q?) + 1an®(6/2)B(Q?)

A(Q°) = Gz + §5T°G + 516G

B(Q?) =3(1+1)G3,

Rosenbluth Separation: Traditional method ot separating form
factors by varying beam energy and scattering angle at fixed QE. Using

this method we:
® can separate A and B — and from B get Gyy

e can not dissociate A into G¢ and G
We need another observable!



Polarization Observables

Cross Section in Terms of Polarization Observables;
dﬁ
(h P, P.) =XL+hA

oY =Yo[l+1I7, whereZo=A(Q?)+ B(Q?)tan*%
e | contains the tensor terms of the cross section

e A contains the vector terms of the cross section

Beam-Target Vector Asymmetry: g

A |
A = — = /3| —=cos0* T, (Q%) + sin@*cos¢*T{,(Q°)]
Lo V2

0" and ¢ * are the target vector polarization angles w.rt. g
1) TW. Donrelly and A.S. Raskin, Ann. Phys. 169, 247 {(198E)., (assuming LO0% polarization)

2) 5.E. Darden, "Polarization in Muckear Reactions”, University of Wisconsin Press, Madison, (1971)



Scattering & Reaction Planes
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FIG. 1. Kinematics and coordinate systems for the scattering
of polarized electrons from polarized nuclei.



Measuring the Beam-Target Vector Asymmetry

General cross section for scattering polarized electrons from
polarized deuterium’:

o(h,V,T) = 0{1 + P°A* + P°A%+ Ph(A +P 2™ + P?2~))
0 v v T T e e VoV T T

P’ = Target Vector Polarization A = Beam Helicity Asymmetry
P°_ = Target Tensor Polarization A° = Target Vector Asymmetry
P_= Beam Polarization A° = Target Tensor Asymmetry
h = Beam helicity = + 1 A‘*"V = Beam-Target Vector Asymmetry

A% = Beam-Target Tensor Asymmetry

Unpolarized Cross Section: 66 = o(+,+,+1) + o (—+,+1) + o(+,—+1) + o(——+1) + o(+,0,-2) +5(-,0,-2)

Aedv = 4P‘°’113d - [o(+,+,+1) - 0 (—,+,+1) — o(+,—,+1) + o(—,—,+1)]

V0

4) H. Arenhovel et al,. Z. Phys. A331 (1988) 123.



Right - Left TDC Time Difference (ch)

Selecting Elastic (electron-deuteron) Events
(many thanks to Chi Zhang!)

d(e,e'd) Timing and Momentum TOFS(R=15:L=0)
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d(e,e'd) Kinematics
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d(e,e'd) Beam-Target,,. Vector Asymmetry A:d: May-Sept 2004 Data

Blue = electron on LEFT, deuteron on RIGHT Red = electron on RIGHT, deuteron on LEFT
015 0.15
[ BLUE: REAL Charge: 225.05 kC " RED: REAL Charge: 225.05 kC
" BLK: Monte Carlo . BLK: Monte Carlo
01— 01
| Curve: Abbott Parameterization I* | Curve: Abbott Parameterization I*
0.05— 0.05
=] = = —
=0 g -0 oL
<< | << |
-0.05— .0.05— +
0.1 0.4
-u_15_llII|IIII|IIII|IIII|IIII|IIII|IIII|IIII _u_15_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 005 01 015 0.2 025 03 035 04 0 005 01 015 0.2 025 03 035 04
Q? (GeVic)® Q? (GeVic)

Thu Sep 23 17:58:00 2004



02

01

d(e,e'd) Vector Analyzing Power T,

Projected Errors for 300 kC }

Beam-Gated Charge: 225 kC
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The Vector Analyzing Power 7", and the
Form Factor Gy

1€1 can be written in terms of the deuteron elastic form factors G,
GQ, and Gyy.

Y !
T{ = 323t (L+ 1)]V2Gum(Ge 4 31Gp )tan:

D

Extracting Gys from 17:
- At low QE, I'f| is dominated by the product Gy Ge.

- G is known very well in this region.js)

With the above and our measurement of Tlfl we can provide a
check on the value of Gy in the region (Q% < 0.35 (GeV /¢)?).

31 Zilu Zhou, Ph 0. Thesis, University of Wisconsin, (1996)
4) John Calarco and the BLAST Collaboration MIT-Bates FProposal (2001)

5) D. Abbott et al | Eur. Phys. J. A7, 421 (2000).



What is going on with A B/ B at low Q?
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1. Abhbott et al, Fur Phys. T AT, 421 (2000
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