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Polarization Cross Section

o General electron-deuteron scattering cross section:

o(he, P, Q) = o,[1 + ho (A, + PAY,; + QAL,) + PAY + QAL]

1
T _
Ad — EAZZ
o For b1/Azz, we ideally wanth, = 0& P =0
o But we can’t get P = 0 w/ large Q using a DNP target

a(0,P,Q) = o, |1+ PAY + QAL]
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Tensor Asymmetry: 2 Statesw/ h, = 0

o We extract A} (& thus A,, & b;) w/ tensor asymmetries
o For 2 arbitrary polarization states, we have

o1 =0(0,P1,Q1) =0, (1+ PLA) +Q1A])
02 = O-(Oa P29 QQ) — Ou (1 + PQA}:l/ + QQAICJ;)
o Making a typical asymmetry gives

o1 — 0y (Pl — PQ)A(‘{ + (Ql — QQ)A';I; Gives original proposa_l Eq.
o1 + 09 9 n PlAzz/ n P2A§f + Q1A§ 4 QZAz; when 1 state unpolarized

(P, =0Q,=0)
> Solving for Al gives
01 — P10-2_P20-1 or —

Ag B <Q10'2 - 2220'1> [1 - A‘é( 01 — 0y )] Aa = < Q0u0u> {1 ~PAs <JTJ_uG”>]
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Formalism

> We can generalize this equation h; \ € Beam Helicity States

. N : : T
o Tensor asymmetry defined by polarization configurations A, | P; | S Target Vector States
(); | = Target Tensor States

T
Asym. to W # of configs
measure
T 07 0 Q A}i/ R2Q _ 01 — 09
Aa | L1 12 = 1t - pP with Q102 — Q201
Q Q R2 P 01 — 02
1y 2 5 R2 _
\ PlO'g — P20'1
Primary
Measurement Contamination
Term
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Formalism

> Same formalism holds for many different configurations!

g A Ao Ay 4l
“\'TRI TR RAP T REO

o But will get different R terms for each

o Can rearrange to get vector & beam-target asymmetries
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4 State Tensor Asymmetry w/ h, = 0

& PAC40 Projected (P.=30%)

Target advances allow us to maintain large P o L S i,
while enhancing or suppressing Q I 5 {
o Rapid tensor enhancement/suppression >y L §
decreases systematic uncertainty A - #

& PACA0 Projected (F_=30%, I=115nA)
& New Projected (P_=26%, I=85nA)

o 0000 Q Ay A R O R B
Ad P7 _P’ P7 - P — R4 _ @ et @ PACA0 Projected (P—30%)
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I|l||
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- Sargsian (vn) )
0.006 — Kumunu[WﬂIj b]qb-ar]
with 0004 — Mille (Ooe s Bty
~ -
_a"‘*o.onz L
B -
0 1\ (Y1 +Y2) — (Y3 +Ya) T =
R4 (Q7 Q’ O’ O) —\ 7 Y. % ; 0.002 |—
f Q( 3+ 4) -0.004 |—
]. -0.006 _—
= (. I T T T T T
Rf(P, —P, P7 _P) 0 0.1 0 03 0.4 0.5 0.6
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Bjorken
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Parasitic Vector Asymmetry (2 State)

With b1/Azz data, we can extract the vector asymmetry in two different 2-state configurations

0,0 0,0 .
AY [p-pP —RP( —A—g) Ag | PP —35( —A—d)
@ | 2 Q RY
0, 0 5 RQ Qa Q o 2
or
Y - Y- Yi—Ys
P 1 2 P _
P.—P) = Ry (P, —P) = :
B (P =P) = e v 2 { )= TP+ 1)
1 1 \
= (. —
R(QQ (O, 0) \ - ] Rg) (Q Q) fQ Statistics ~ the
Statistics ~ the 2 y that of Azz/b1
that of Azz/b1l
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Parasitic Vector Asymmetry (4 State)

Can combine into a single 4-state measurement, increasing statistics but including tensor term

0,0,0,0 AT
AV | P,P,—P,—P| =R?P ( — d)
Q'JO)Q)O

4

i (1) (B

1 1
RR0.0.00 2@
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Parasitic Beam-Target Double Spin

Asymmetries (8 states)

Since the JLab beam is polarized, we can split the beam helicities from our 4 state measurement

to get 8 state measurements — Can extract vector & tensor DSA!

Q? Q? 030

1

th,xh,xh,h
. =0, £, o, AT AV AL AV
A P,—P,P,—P = R,
DSP\ ed 8 RQ RE Rh RMP
Tensof Q,Q,0,0 /, S e
1
gh@ (EhoEhkh £h _ (2 (Yo = Vigs w (R
’ I CANE SR E YA L

Y=Y 1+ Yo+ Y 3+Y 4,

Statistics roughly the same as
Y=Y 1+ Y o4 Yis+ Vi,

Azz/b1l, but scaled by beam
helicity
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Rl (£h, £h, +h, £h)
1
Q
R (Q,Q,0,0)
1
REL(P,—P,P,—P)

1
= _ian

=0,



Parasitic Beam-Target Double Spin
Asymmetries (8 states)

Since the JLab beam is polarized, we can split the beam helicities from our 4 state measurement
to get 8 state measurements — Can extract vector & tensor DSA!

+h,th, £h, +h
9 9 9 AT AV Ae AT
DSP\ A;ij P:P:_P:_P Rg"P(l—é dP_ h sg)
\’ector Q? 09 Q’ 0 o RS; R8f RS! RS"

0,
(ih, +h, +h, ih)

RhP :IZha :Eha :IZha +h _ 2 Yj_3142 B Y+—3142 By @,0,Q,0
8/ P, P.}. _P: _pP - fPh Y—|—12 4 Y+—3142 ) 1 _o.

—34 RE, (£h, £h, £h, £h)

1 1
\ :_§an

Q
19 Statistics roughly the same as R (@, 0>?=0)
Yigi =Xt doad Yas 40, Azz/b1, but scaled by beam —0
- RE(P,P,—P,—P)
helicity ’

Y=Y 1+ Yo+ Y 3+Y 4,
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Complications

Things get messier when polarizations aren’t exactly equal, but the
algebra has all been worked out in upcoming EPJA paper

Also includes:

o Configurations better suited for atomic beam source targets/collider
experiments

o 3 state configurations are very useful w/ pure polarization states
o Full uncertainty equations
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Uncertainties

AV A AV, AT ? RQ i
o = ((1 - R%’ ~REF Rzg’ - Rﬁ%) 5353) i (Ag (st)?(sp”’f) R  PY,— PBY,
; , ; RE  QuY1 — Qa2Ys
+ (R—QMJ{) + (AGR—’?(SRh) + (R—TC’?(M&) RS (P P2)Yo — Po(Yi+ Ya)
RY R Ry RY ™~ (Q1+ Q2)Yo — Qo(Y1 + Y2)’
RQ 2 RQ 9 RQ ’ ng _ (PL+ P+ P3)Yy — Py(Y1 + Yo+ Y5) |
+ (A}fd Rh?; 5 5R2P) + (RI?P (5Agd> + | AT, h?g 5 SR RY  (Q1+ Q2+ Q3)Yo — Qo(Y1 + Y2 + Y3)
() " Br RS (Pt Po)(Ya+Ya) — (Py+ P)(Yi +Ya)
;1 RE ™ Q1+ Qa)(Ys+ Ya) = (Qs + Qu) (Vi + Ya)’
+ (%MQ)

Polarization Choice Can Reduce
Uncertainty Terms
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Existing & Upcoming Tensor Measurements

10/14/2025

Location
Observable Method Target Configuration Target Type and
Reaction
Ag e ;_f,l’ ﬁf_f 8’8 Atomic Beam NIKHEF
. 1,142 - ’ .
Ty =~ \[Pz(w%g) 2 O1. 0> +0. —20 Source d(e,e'd)
hl, hg O, 0
AT RY PP | =| —P0 Solid NDy (]?“:{.I(})
Q1,Q2 +Qeq?0 > €
hl,hg 0,0 TRIUME
Too A0 /2= 2d__ RS P, Py | = PO Solid ND3 RIU
Ps(cos 8) ng QQ +Q; 0 d(ﬂ', 2;0)
j;lﬂ ;;2 81 8 Atomic Beam VEPP-2,
Too ~ V/2——d 4 R? L2 ) = ’ & Storage VEPP-3
P‘Z( % Q1, Q2 +Q, —Q Cell d(e,e'd")
}Ll, h2? h(} 0, U, O MIT_
AT RO PP Py | = P,—P,0 Atomic Beam Bates
’ ? Qla QQ? Q(} +Qeq3 +QEQ1 _2Q SOllrce d(fﬂ, fifd!),
d(e,e'p)
hi, ha, hs, ho 0,0,0,0 Atomic Bes DESY
2AT — A, Rff-: Py, Py, P3, Py = P,—P,0,0 Uén.lc ‘e‘Hn HERA
Ql: QQ& QI%: QU Qa Qa Qa _2Q ource d(f3+, fi+’)
hl,hg,h?”h.»_l 0, 0, (],U
2A% = A,. RY PPy, Py, Py | = | P, —PP—P Solid NDj JLab
Q1,Q2,Qs,Qa Q,Q,0,0 dle, €)




Optimal Experimental Configurations

Target Type Observable Method Target Configuration
hl, hz U, O
 ABS, AT Ry P,P, | =] PO
DNP with H,D Molecule d Eqgs. I ) Ql’ 0. +é 0
RP h,l, h,g U 0
<8 Vv 2 PI,PQ = P,—P
ABS, DNP + ssRF Ad Egs. (83}85) Q1,Q2 0,0
Q hl,hg,h(] (), 0,()
E. _
Dual-Cell DNP r 3 Py, Py, Py | = | P,—P,0
nal-Ce Ad EqS. 1 ' Qla Q27 Q() Q: Q: 0
RQ hl,hz,h(} U, O,U
ABS AT 13 P, P2, Py P,—P, ()
’ Eqgs. (64166) Q1,Q2,Q) \Q.Q.-
o h,l, hz, h;«;, h[) 0 0 0 0
R ,
ABS AT A Py, P>, P3, Py P,—P,0,0
Eqs. (67171) Q1,Q2,Qs, Qo Q.Q,Q,-2Q
0 / hl,hg,hg,hzl O O U ()
R
DNP + ssRF AT 4 P, Py, P;, Py P, —P,P,—P
> ¢ EqS. 8() ' \Ql: QQ& Q:‘h Q‘l QJ 03 0
P / h_]_,hg,hg,h4 O O U 0
N Rj Py, P, P3, P, P,P,—P,—P
DNP + ssRF AY : 1, Po, P3, Py
‘ Eqs. (86487) \Q1, Q2, Q3, Qa Q,0,Q.0
hE hE hi, hi +h, +h, +h,Lth
R P.,P,Py,P, | =| P-PP-P
DNP ssRF T 8! 1, 42,473,144 ’ s 4
+ ssR Ay Egs. 1 ' Q1,Q2,Q3,Q4 Q,Q,0,0
hE, hE, hi b +h, +h, +h,Lth
RSP P,P,Ps, Py | = P,—P P, —P
1 95 Ql:QZqu’ia Qé‘:

B v bl bl
DNP + ssRF Aca Eqs. Q,Q.0,0
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Thank you!
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