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SH/?He motivation

3He and H mirror nuclei:

‘He (protons) <> 3H(neu’rr'ons)
4+ Few-body nuclei
4+ Benchmark data
4+ cancellation of experimental systematics, nuclear effects




SH/?He motivation

3He and H mirror nuclei:

‘He (protons) <> 3H(neu’rr'ons)

4+ cancellation of experimental systematics, nuclear effects

Inclusive Measurements

4+ Sum of Short-range correlations:
3He/3H (2pn + pp)/(2pn + nn) (x>1)

e
e

Ratio of pp to pn pairs assuming isospin symmetry

+ Access G Effective neutron target (x=1)

4+ Few-body nuclei
/ 4+ Benchmark data
e 4+ Charge radius of 3H vs 3He (x=3)
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Hall A configuration

Detector |

w== Package |

Both spectrometers measure electrons simultaneously
at different kinematics




Kinematics coverage

P. Solvignon, J Arrington, D.B.Day, D. Higinbotham, Z. Ye (Spokepeople)

JLab E12-11-112 Kinematics
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X>1 Physics Analysis
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Probing 2N SRC at x>1

JLAB Hall C E02-019 QIE

do/(dQdE’) (nb/MeV/Sr)
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High momentum tails should yield
constant ratio if SRC-dominated

N. Fomin, et al., PRL 108 (2012) 092052
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Inclusive electron scattering:

high statistics
background suppressed at high Q2

Probability to find 2N SRC in nucleus A ’

=

o4 = 0o + as(A)os + az(A)os + ...

‘\

AN

Cross section from 2N SRC
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Previous Experiments

Plateaus in Cross section ratio

JLAB Hall C E02-019
N. Fomin et al., Phys. Rev. Lett. 108 (2012) 092502.
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Precision Measurement of the Isospin Dependence in the 2N

Short Range Correlation Region

Check the 2N SRC iéospin dependence at 1<x<2, and also 3N momentum sharing configuration.

np pair dominates:

no isospin preference:

where
Oy 20w _
~ =1 Opp = O, T 0,
63He 20}1}?

Oy Zdnp +0,, 094

Cife 204, + Oy,
o, ~ 2.430,

12



nb/sr/GeV

Preliminary Cross-Sections (x>1)
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SH/3He Cross Section Ratio

O3H ~ 2 — 1 b mmmemeee- - 1:0 E— ———e o e
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SH/°He Interpretation

O3y ananp + Nnnann

O3, ananp + Nppapp

= where: o,y = 0, + 0,
= Off-shell = Experimental
deForest cross Cross section
section: ratio:
(0]
0,16, ~ 2.43 L =085
G3He

= Assuming N,,,CH) = N, ("He)
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SH/°He Interpretation

O3y ananp + Nnnann

O3, ananp + Nppapp

= Off-shell = Experimental
deForest cross Cross section
section: ratio:
O
0,16, ~ 2.43 L =085
G3He
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From the cross section ratio:

Nn
P — 423
N

pp

From pair counting in *He:

nplpp = 2

2.1 enhancement from simple np pair counting




SH/°He Interpretation

Phys. Rev. Lett. 124, 212501 (2020)

|. Korover et al., Phys. Rev. Lett.113, 022501 (2014)
R. Shneoret al., Phys. Rev. Lett.99, 072501 (2007)

/ 2 4 6

2.1 enhancement from simple np pair counting
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The isospin structure of short-range correlations in the mirror nuclei *H and *He
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Future Work

I T I I

I 02=1.9GeV?
i Q°=1.4Gev’ * Additional data at low Q2
I 0Q*=1Gev?
I 02=0.7 GeV? . "
I I 02=0.6 Gev? Additional data at x>2
ig I | * Theoretical calculations are underway
i Ii i I Noemi Rocco (Fermilab)
E I ] Alessandro Lovato (Argonne Lab)
Misak Sargsian (FIU)

0.4 | | | | | | | |

Expectations
1+ Publication of the theoretical interpretation.
1 arXiv paper with extracted cross sections
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X=1 Physics Analysis




Accessing to nheutrons

Lightest nuclei are used
for neutron measurements

Neutron measurements include:

SHe(e',e’) QE
polarization experiments

2H(e,e") QE ’H(e.e') = ple. ')
Vector-polarized deuterium ’He, e'p), ’H(e, e'n)

21



Accessing to nheutrons

Lightest nuclei are used
for neutron measurements

If measuring neutrons (no charge):

] . . . Measurement Corrections:
e Energy information from time of flight

® Reaction mechanisms FSI and MEC
® Nuclear structure

e Requires precise measurement of
neutron detection efficiencies

22



Neutron cross section

<ﬁ> = <ﬁ> : <<G"<Q2>>2+3<G"<Q2)>2>
a@) \da/, 1+z\ " e M

ow well do we know the magnetic
form factor?

23



Current Status of G,
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Current Status of G,
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E12-11-112 Godl

Y  Anklin
1.201 e Kubon

O  Anderson
1.15 ¢ CLAS

¥ E12-11-112 Kinematics
110/ Region of interest ‘

Measure the neutron magnetic
form factor using the

SH/?He cross-section ratios

0.0 0.5 1.0 1.5 2.0 2.5 3.0
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Preliminary Cross Sections
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G}, extraction without medium corrections

o3y ~ 20, + 0, O3, ~ O, + 20,
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G}, extraction without medium corrections
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Current Work

1.2

1.1

Finalize the final . 1.0 * +
version of this plot after Q ¥ * t * + +
. . 3
medium corrections. 09

0.8 _
Anklin
Kubon . .
mierson | Preliminary

0.7 CLAS

* E12-11-112
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Expectations
1 form factor publication
1 arXiv paper with extracted cross sections

Q? [GeV?]
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Uncertainties

1<x<2
Cross-Section Ratios
Sources Normalization (%) Point-to-Point (%) | Normalization (%) Point-to-Point (%)
Beam Energy —- 05-1 — —_
Scattering Angle 0.6 0.2 —- —-
Momentum 1-3 —_ _
Tracking Efficiency 0. 01 —- —
Acceptance —- 0.1-15 — _
Efficiencies/Trigger/
Livetime —- 0.01-0.1 —- —
He contamination <0.3 <0.3
Radiative Corrections 1 0.4-04 — —
Endcap Contamination 0.07 0.1-0.3 0.1 0.1-0.3
Charge 0.5 —- 0.1 —-
Boiling 0.3,04 —- 0.2 —-
Target Thickness 0.3-1 —- 1.04 -
Hydrogen Contamination™* 0.2 —- 0.2 —-

** Only in the Fall kinematics
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Total ~ 1.15




X=3 Physics Analysis
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Elastic Scattering

d d F2 4 1 F? :

“Z) = (= DT M e P tan(—)

40 40 1 +7 2
exp. Mott
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Elastic Scattering

(

do
dQ2

) exp.

Fen (3H)

0.8

0.6

0.4

0.2
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The charge form factor can be described by :

P¢) = [ 5 plaids 225 ar [ ()

Extracting the charge radius in the limit q*—0:

35

sin (|q|r/h)

q|r/h

<r2> = —6h’

r2dr

dF(q*)
dq?




<r2> =—6h? dF(q’)

Goal: Extract the °H charge radius
Current experimental results: large uncertainties, discrepancies

<rz_ >, <r2. >sie
GFMC 1.77(1) 1.97(1)
YEFT 1.756(6) 1.962(4)
SACLAY 1.76(9) 1.96(3) —> ARpy=0.20(10)
BATES 1.68(3) 1.97(3) —> ARy, =0.29(04)
Atomic = - 1.959(4)
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Extracting the °H Charge Radius

Q%= 0.11 GeV?

o(PHe) will be compared with world data.

3H/3He ratio will be used to normalize G(CH) with smaller
normalization uncertainty (expected ~1.5%)

Perform a Global fit to the world °H data after including
the Q%= 0.11 GeV? point and extrapolate to g°—0.
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Yield [uC]™!

Yield [uC]™!

Data vs SIMC

L
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Yield [uC]™!

Yield [uC]™!
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Data vs SIMC
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Status and Future Work

Data is calibrated and Yields were extracted successfully.
Simulation and Data comparisons are being optimized.
Systematic uncertainties are under review.

Next...

Cross section ratios extraction

Global fit analysis

Expectations: 1 H charge radius
Publication
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summary
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1 Submitted publication
1+ Publication of the theoretical interpretation + x>2 data.
1 arXiv paper with extracted cross sections

1 Form factor publication
1 arXiv paper with extracted cross sections

Yield [£C]™!

E ij.

1 °H charge radius Publication 41
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