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Why do we care about Tensor-Polarized Deuterium?

Potential measurement of
b¢ structure function at
low x with the EIC
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Why do we care about Tensor-Polarized Deuterium?

Potential measurement of
b¢ structure function at
low x with the EIC

Data from the HERMES Collaboration

3/3/2020

Possible contamination of
g¢ structure function
measurements due to non-
zero tensor polarization

2 12 .
d“op d<o 1
)2 = A2 L — p”PBD4d _pzzflii-,
dzd@) dzd@ 9 22
i ~ 4d ~ Czz (UE — O';})
Fd ! P.Pg|D =
= = pE L p=
.. = (O' + O ) _ 1_|_( e + 22)}1%"
QG'U 4 zz

Phys. Rev. Lett. 95, 242001

EIC Polarimetry Meeting 5



Elastic Electron-Deuteron Scattering

Let’s start with unpolarized scattering...

The elastic deuteron structure is described in terms of three
form factors: charge monopole G.(Q?), charge quadrupole
Go(Q?), and magnetic dipole G,,(Q?)



Elastic Electron-Deuteron Scattering

Let’s start with unpolarized scattering...

The elastic deuteron structure is described in terms of three
form factors: charge monopole G.(Q?), charge quadrupole
Go(Q?), and magnetic dipole G,,(Q?)

The cross section (in the deuteron rest frame) is

do 720 cos? (H_f) 1
— — — - 5
dQ 4E? sin* (%) I+ 37 sin®(%)
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Elastic Electron-Deuteron Scattering — Still Unpolarized

do 7202 cos? (%) 1 AQ%) + B(Q?) tar? 0 )
I — 2 £
(2 4E2 sin’ (%‘3) . %‘wlﬂ (%) LA Bl (-)
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Elastic Electron-Deuteron Scattering — Still Unpolarized

do 7202 cos? (%) 1 5 [ b
—}: o 4,0, X X [A(Q?) + B(Q?) tan Y ]
d¢ 4EZ sin” (73) 14 F sin®(%) 2
|
Mott Cross Section Recoil Term Reduced Cross Section
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Elastic Electron-Deuteron Scattering — Still Unpolarized

do 7202 cos? (%) 1 0
— 2 ‘N2 2 2 [ Ze
= : . X [A(Q7) + B(Q7) tan ( )]
r :3 . 4 E'E‘ >< EEE - 3 HE ¥
d(? 4E7Z sin” (%) 1+ 72 sin”(5) 2
Mott Cross Section Recoil Term Reduced Cross Section

A(Q?) = GA(QY) + g GH (@) + SnG3(QY

B(Q7) = gﬁ(l +n)Gyu(Q7)
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Electron-Deuteron Cross Section with polarized
deuteron...and unpolarized electron

3cos?f* — 1 3 | . 3 .,
T+ (PZE/\/i)( £ 5 Tho — \/%SmZH“‘ cosp™TH, + \/%sm*(?* 6052(,&“‘2’"22)
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Electron-Deuteron Cross Section with polarized
deuteron...and unpolarized electron

3cos?f* — 1 3 | | 3 .,
| + (ng/\/z)( co8 > 15y — \/%SmZH“‘ cosp™TH + \/%sm*(?* 6052(,5*7"23)
go

Ratio of polarized
to unpolarized
cross section
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Electron-Deuteron Cross Section with polarized
deuteron...and unpolarized electron

3cos?f* — 1 3 | . 3.,
g +\/§)( co8 Tho — \/::;mZH“‘ cosp™TH + \/:su‘r(?* 6052(,5*7"22)
o — 2 2 2

Deuteron tensor
polarization
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Electron-Deuteron Cross Section with polarized
deuteron...and unpolarized electron

3cos?* — 1 3 | 3., \
g 1+ (P,?/\/E)( cos \/:SmZ(?”‘ cos;(,b \/:s;m‘(?* 605‘2(,5)'
o) - 2 2 2 .

Tensor Analyzing Powers
(i.e. Polarization
Observables)

Q.

an l >

e = (1 + n)tan*(0,/2)

2 (1 + )
I \/?? ( S)GQGM Iy = [7}/(2\/55)]654

S 3 S=A+tan’*(0,/2)B
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Electron-Deuteron Cross Section with polarized
deuteron...and unpolarized electron

3cosh* — | 3 _ | .
0

0* and ¢* give the polarization orientation
with respect to the momentum transfer.
The terms here are proportional to the real
part of the corresponding spherical
harmonic.
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We can use the measurements of the deuteron form
factors at low-Q? to measure the tensor polarization
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We can use the measurements of the deuteron form
factors at low-Q? to measure the tensor polarization
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We can use the measurements of the deuteron form
factors at low-Q? to determine the tensor polarization

Measurement of the Tensor Analyzing Powers 7,5, and T,
in Elastic Electron-Deuteron Scattering

D. M. Nikolenko,' H. Arenhovel,> L. M. Barkov.' S.L. Belostotsky.” V. E Dmitriev," M.V. Dyug.' R. Gilman,*

R.J. Holt.” L. G. Isaeva.,' C.W. de Jager.?‘5 E.R. Kinney.8 R.S. Kowalczyk.6 B. A. Lazarenko.' A.Yu. Loginov.g

S. I Mishnev,' V.V. Nelyubin,® A.V. Osipov,” D. H. Potterveld.® I. A. Rachek.' R.Sh. Sadykov,' Yu.V. Shestakov,'
A. A. Sidorov,” V. N. Stibunov,” D. K. Toporkov,' V. V. Vikhrov,” H. de Vries,” and S. A. Zevakov'

'"Budker Institute Jor Nuclear Physics, 030090 Novosibirsk, Russia

*Institut fiir Kernphysik, Jogannes Gutenberg-Universitit, D-55099 Mainz, Germany
3St. Petersburg Nuclear Physics Institute, Gatchina 188350, Russia

4Rurgers University, Piscataway, New Jersey 08855
>Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606
°A rgonne National Laboratory, Argonne, Illinois 60439-4843
"NIKHEE, PO. Box 41882, 1009 DB Amsterdam, The Netherlands
8Colorado University, Boulder, Colorado 80309
*Nuclear Physics Institute at Tomsk Polytechnical University, 634050 Tomsk, Russia
(Received 26 August 2002; published 21 February 2003)

The tensor analyzing power components 75y and 75; have been measured in elastic electron-deuteron
scattering at the 2 GeVelectron storage ring VEPP-3, Novosibirsk, in a four-momentum transfer range
from 8.4 to 21.6 fm~2. A new polarized internal gas target with an intense cryogenic atomic beam
source was used. The new data determine the deuteron form factors G¢ and Gy in an important range of
momentum transfer where the first node of the deuteron monopole charge form factor is located. The
new results are compared with previous data and with some theoretical predictions.
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We can use the measurements of the deuteron form
factors at low-Q? to determine the tensor polarization

Measurement of the Tensor Analyzing Powers 7,5, and T,
in Elastic Electron-Deuteron Scattering

D. M. Nikolenko 'H. Alenhével LM Barkox 'S L Belostotsky-‘ V. E Dmitriev,' M.V, Dyu0 'R. Gilman,*?
R.J. Holt, L. G. Tsaeva,' C. W de Jagel >E.R. Kmney R. S. Kowalczyk, © B A. Lazarenko.' A.Yu. L001n0\
S.1. Mishnev,' VV Nelyubm A V. 051p0\" D. H. Porterveld L A. Rachek,' R.Sh. Sadykox Yu. V. Shest‘lkox

n : . Toporkov, ' V.V. Vikhrov." H. de Vries,” and S. A. Zevakov'
where N™ and N are the event counts of a detedor when or Nuclear Physics, 030090 Novosibirsk, Russia

the target polarization is P;rz and P_,. respectively. N7 annes Guren!:;erg-U;.*iversir(ﬁ, D-55099 Mainz, Germany

and N~ are normalized to the electron beam charge. In Rear Physics Institute, Gatchina 188350, Russia

accordance with Eq. (1), A’ can be written as a linear [iversity, Piscataway, New Jersey 08855

combination of tensor analyzing powers (right formula). ¢! Accelerator Facility, Newport News, Virginia 23606

We assume that depolarization processes occur identi- al Laboratory, Argonne, Illinois 60439-4843

L. K 41882, 1009 DB Amsterdam, The Netherlands
cally in both polarization states; therefore P, /P is » University, Boulder, Colorado 80309

Auds

close to —2 (the same as for the ABS beam: see also [91). N Tomsk Potytechnical University, 634050 Tomsk, Russia
The value of A" measured by the LOQP can be used to JAugust 2002; published 21 February 2003)

calculate the target polarization if the tensor analyZing  Bnents T, and Ty, have been measured in elastic electron-deuteron
power is known at small Q-. At present, the measure- Joe ring VEPP-3, Novosibirsk, in a four-momentum transfer range
Bratized internal gas target with an intense cryogenic atomic beam
source was uqed The new data determine the deuteron form factors G¢ and Gy in an important range of
momentum transfer where the first node of the deuteron monopole charge form factor is located. The
new results are compared with previous data and with some theoretical predictions.
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We can use the measurements of the deuteron form
factors at low-Q? to determine the tensor polarization

(N —=N7)
At =2 —
(N"PL. = N*P)

_ (3cos*0" — 1 3 3., .
— ( > T5y — \/;sin%?”‘ cosp™T5, + \/;smzé’”‘ cos2<b"'T22)




We can use the measurements of the deuteron form
factors at low-Q? to determine the tensor polarization

(NT —N7)
At =2 '
(N"PL.— NTPZ)

_ (3cos*0" — 1 3 3., .
— ( > T5y — \/;sin2t9"‘ cosp™T5, + \/;smz@”‘ cos2qb"‘T22)

The procedure can be as follows:

1. Bindatain Q?

2. For each bin, use the form factor parameterizations to calculate At. Note that if the polarization
axis is parallel to the initial electron and deuteron momentum direction, $*=0 (or 180°) and 6* is a
function of Q2.

3. For each bin, calculate the charge normalized yields (i.e. N* & N-) which correspond to the tensor
polarization orientations (i.e. P,>, & P,;)

4. Using the information from steps 2 and 3, extract P,}, & P,

Question: Can something be gained by rotating the polarization axis? Is this possible?
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We can use the measurements of the deuteron form
factors at low-Q? to determine the tensor polarization

(N —=N7)
At =2 —
(N"PL. = N*P)

_ (3cos*0" — 1 3 3., .
— ( > T5y — \/;sin%?”‘ cosp™T5, + \/;smzé’”‘ cos2<b"'T22)

Other option: Use high precision measurements of T,, at a single (or a few) Q? values. (Phys. Rev.
Lett. 77, 2630) No parameterization of form factors would have to be assumed here — but we need to

make sure 6* is small so T,, dominates the asymmetry. We would also need to take data with P,, =
0 if we want both P}, & P,.




Plan for this month

»Generate electron-deuteron elastic events for various beam energy
combinations to see the angles and energies of the scattered electron
and deuteron in the collider frame

» Mix these elastic events with minimum-bias deuterium DIS events
(perhaps using BeAGLE) to see if the elastic events can be isolated

» Calculated expected asymmetries as a function of Q?



We’ve already done some similar work for elastic
electron-proton scattering

Elastic electron-proton scattering at high
Q? can be interesting in itself:

» Precision G, required to study
approach of QCD scaling in Dirac F,
Form Factor

» Constraints on GPDs at high-x & high-
t via sum rules

» Possible increased sensitivity to hard
two-photon exchange effects

| | I | L
- 0.6
10” 10° 10' 107" 10° 10"
2 2
Q* (GeV?) Q* (GeV?)
A Han63
A Han63 X Bor75 an ® Bor75
* Lit.’?(] O Cow68
@ Pri71 ¢ And94 ¢ Lit70 ¢ And94
X Ber71 * Wal94 ® Pri71 * Wal94
X Ber71
¥ Han73 A Qat05 * Han73 A Qat05

C.F Perdrisat, V. Punjabi, M. Vanderhaeghen, Progress
in Particle and Nuclear Physics 59 (2007) 694—-764
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For ep elastic scattering, the £/C will allow us to probe the
highest-ever values of Q2
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Description of rest-frame Elastic generator with anti-
parallel beams

Boost from lab frame to proton’s rest frame
Generate events uniformly in electron’s solid angle in the proton rest frame

Weight each event using the rest-frame cross section equation shown below. Form
factor parameterization comes from Kelly (PHYSICAL REVIEW C 70, 068202 2004, Phys.
Rev. C 96, 055203).

Bin data in Q?, for example, and scale to total luminosity to get expected yield. (See
equation on next slide.)

do do eG4 +1G3, o Q?
i, \d. )., dl+7) T arn
do a? cos? (%) E! , (0.\]"
— = 1421+ 7)tan® | =
(dQe)Mott 4E? sin’ (%) E. ‘ ( 7) tan ( 2 )]
on = G5+ 7G5,



Elastic Generator normalization

For Uniform Generator, to get expected
yield (in bins of Q?, for example), weight
each event by:

do
mi (-Qtot)

Ntot AQLZ

X luminosity



Electron-Proton Elastic scattering expected yields
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Electron-Proton Elastic scattering expected yields
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Lack of dependence on
beam energy seen here is
expected at the EIC since
the data will all be at y~0

(e~1). See the lorentz-

invariant cross section

formula above




Generator agrees with cross section calculation

10°
- S GeV e on 50 GeV p
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2107
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Generator agrees with cross section calculation
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Generating in the proton rest frame and the
lab frame also gives consistent results

Rest Frame Generator Lab Frame Generator
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E.=3GeV, E, =20 GeV - s = 15.5 GeV
E.=3GeV, E =40 GeV -- Vs =21.9 GeV
E.=5GeV, E =50 GeV - (s = 31.6 GeV
E.=5GeV, E, =100 GeV -- (s =44.7 GeV
E.=10GeV, E, =100 GeV -- s =63.2 GeV

E. =20 GeV, Ep =250 GeV -- {s = 141.4 GeV
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Kinematics: Low Q? Electron Angle
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Op [Degrees]

Kinematics: Proton Angle
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Bp [Degrees]

Kinematics: Proton Angle
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Polarized Electron-Proton Elastic Scattering Asymmetry
Measurements

P, FPia 2¢(1—€) . » .
Ay = —-team? targel \/ d )5111(-} cosd® | r+ 1 —¢e2cost
1+ %f‘g T

—_—
&5}

Piarget [Arsin@* cos ¢ + Ay cos 6]
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Polarized Electron-Proton Elastic Scattering Asymmetry

Measurements
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To make reasonable
measurements in this higher
Q? range, we would need a
much lower energy than will

be provided by the EIC
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summary

»We presented a potential technique to extract the deuteron tensor
polarization using elastic electron-deuteron scattering.

»We are beginning to conduct simulation studies on this topic.

» For unpolarized electron-proton scattering, we see the possibility of
making high Q2 measurements. We need to see how easily elastic
events can be separated from high-x inelastic events.

» We will most likely be unable to make useful beam-target double-
spin asymmetry measurements at high Q? using the EIC.



