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A=3: Helium-3 + Tritium @ CLAS1?2



(e,e’): Neutron Form Factor

* 3He(e,e’) / *H(e,e’) @ x; = 1 sensitiveto g, / 0,
* Measured @ Hall A \w limited Q? coverage
* CLAS12 covers Q?=0.1- 14 GeV? (complementing RG-B)

* Only measurement sensitive to very low Q?
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(e,e’p): Few-body nuclear structure

* Unique test of few-body
nuclear structure.

* Hall A showed importance
of using Helium & Triton
BUT \w limited statistics

* CLAS12:
X0.1 luminosity
x100 acceptance
=> x10 statistics + larger
kinematical coverage!

Oexp ! Opwia

1.6

*He+°H
1.4—
Cracow
1.2— {%

My giiﬂ 1
0.8/~ Sargsian-FSI
0.6

0 01.1 0.12 0.13 0.14 0.

P [GeV/c]
3He
27
Cracow
1.5
., 11
it iz e
i ¢ L P ] F é i E i L]
0.5
CK+CcC1
% 0.1 0.2 0.3 0.4 0.5

P e [GeV/c]



* Recent CLAS6 Nature paper
relate SRCs to NN interaction

@ short-distance.

* Data analyzed using the GCF
factorized cross-section

approximation.

* A=3 systems exactly
calculatable => Precision tests

of 2N interactions!
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DIS & SIDIS
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1 Sensitive to the nucleon structure and modification



EMC effect in Deep inelastic scattering

Fy¢/F;)

—— EMC effect

0.7 k Before EMC experiment .
¢  Experiment (Gomez 1994)
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O Bound nucleons behave different from free nucleons
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Flavor Dependence of the EMC

12 |. Cloet’s Calculation
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Semi-Inclusive DIS: Flavor Tagging
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A = 3 Observables

Yield sum Yield difference Double ratio
Y(rt + m7)y Y(r© — m7), Y(Z—i)
Y(nt +7mn7)p Y(r* —77)p ’
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. Minimize hadron attenuation effects
. Maximizing nuclear asymmetry
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CLAS12 Rates

3He

Measurement Rate Luminosity: 3.5x1034
(event/second)

Inclusive (e,e’) 257
SIDIS (e,e’'m™) 8

SIDIS (e,e’m™) 17
SIDIS (e,e’K™) 0.5

SIDIS (e,e’K™) 6

Inclusive (e,e’):
xg>0.1,Q%?>2,W2>4

SIDIS (e,e’m®):
xg>0.3,Q2>2,W?>4,72>0.3
Acceptance match for tt and m~
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Q2

3He(e,e’) DIS Rate

Event/day
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SHe(e,e’r ™) SIDIS Rate
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SHe(e,e’K ™) SIDIS Rate
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A=3: Helium-3 + Tritium @ CLAS1?2

Current Status:

* Developing proposal for 60 PAC days. Looking for more collaborators!
30@ 109,25 @ 6.6,5 @ 2.2

* 6.6 GeV simulations taken from on RG-M.
10.9 GeV simulations presented today.

* Will finalize in the coming weeks.
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A=3: Helium-3 + Tritium @ CLAS12

*Initial setup by target group. Will be improved ©

Tritium target in Hall B

Tritium: 0.085 g/cm?2
Al window: 0.075 cm

Be window: 0.02 cm

Tritium luminosity:

3.5x1034
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Polarized 3He in CLAS12
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Polarized 3He in CLAS12

P-009-¢

~90% ~1.5% "~8%

Neutron polarization: 87%
Proton polarization: 2.7%

- Neutron spin structure: g7*(x, Q%), A7, Au/u, Ad/d ?
- Spin structure functions of deuteron and proton in 3He?

- Spin- dependent EMC effect ?
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Conceptual Design of a Polarized *He Target
for the CLAS12 Spectrometer

James Maxwell’ and Richard Milner?

1Jefferson Lab, Newport News, VA
2Laboratory for Nuclear Science, MIT, Cambridge, MA

November 14, 2019

Abstract

We present a conceptual design for a polarized *He target for Jefferson
Lab’s CLAS12 spectrometer in its standard configuration. This two-cell
target will take advantage of advancements in optical pumping techniques
at high magnetic field to create 60% longitudinally polarized *He gas in a
pumping cell inside the CLAS12 57T solenoid. By transferring this gas to
a 20 cm long, 5 K target cell, a target thickness of 3 x 102! 3He/cm2 will
be produced, reaching the detector’s specified maximum luminosity with
a beam current of 2.5 uA.

arXiv:1911.06650
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http://arxiv.org/abs/arXiv:1911.06650

bommme e 1
LHe Cooling Lines \ Heat Shield \ Target Cell (100 cm®, 100 mbar, 5K)
— / B
N\ e- Beam
\ . Thin Beam Window
. Glass to metal transition
\ Pumping Cell (120 cm®, 100 mbar, 300K) Outer Vacuum Chamber
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physics \w polarized 3He in CLAS12

Process Reaction Physics Focus Issues
Inclusive DIS e+3He-> ¢’ g12(x,Q%)
Tagged e+3He->e’ +p g1°(x,Q2) g19(x,Q?%) Detecting spectator
Structure ->e’ +d for p,d in 3He p/d
Functions Coexistence of
Spin-dependent tagger and
EMC effect polarized target in
central detector
Semi-Inclusive | e+3He ->e’+ m*/0/- | Flavor dependence | Good particle ID

DIS e+3He ->e’+ K*/0/- | of quark

polarizations in

neutron
Deeply Virtual | e+3He-> Neutron GPDs Detection of recoil
Processes e+ 3He+ 3He

%O/y/ d.....

490




Polarized 3He Inclusive rate estimate

Inclusive (e,e')rate/day
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Polarized 3He(e,e’r™) SIDIS Rate

Event/day
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Polarized 3He(e,e’™) SIDIS Rate

0.8

0.6

0.4

0.2

0.0
0.0

Event/da
I I I I I I I

496002852016120 2418 2108 806 32488 62

0412383594 9127@03298 8407813578 6057429078 27776

P558280@3e6088460921215328253029107848918 1612

51.8660648668748922459998 1116

91127@28042813565208688029017732 1612 124 62

0.2 0.4 0.6 0.8 1.0

P,

1.0

0.0
0.0

Event/day

4402 4278 15996 4092 2914 992 62 124 62
171886180746487204431434 7874 1488 124 124
58652177568 3547@6598 7905024800 2294 806 124
6621615289275708014944198014762907825606 124

B16516119960852807148456389838113708 1860 30256

D169205337e6669763264889968889787527487606 5208 I

HB8ed-08%e-#0R24480071291394704087420 2728

p0EBE2263e66865@2977B711072602 5580

38d48658006028383@17372082526040 6882

868e-HD5H678314778968620305M04798 6280620026 620

0.2 0.4 0.6 0.8

1.0

29



Asymmetry uncertainty estimation

1
VN XPpeamXPtarget

514 X 3

N: Number of events
Pyearns B€am polarization ~ 0.9

Piarget: Target polarization ~ 0.5

Luminosity: 1.35e35 /cm?/s
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Existing Asymmetry Data on Proton
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Asymmetry uncertalnty/ 1 day FuII range Q2
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Asymmetry uncertainty / 1 day: 1< Q%< 3
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Asymmetry uncertainty / 1 day 4< Q%<6
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Asymmetry uncertalnty/ 1 day: Full range Q?
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CLAS12 + polarized He3 target:

dDetermine spin-dependent inclusive DIS and SIDIS from
neutron with unprecedented

Statistical precision over an unmatched kinematic range.

(JCan uniquely explore TMDs and polarization of sea

qguarks in the nucleon
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Thank you !
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