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np-dominance in 2N-SRC
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np-dominance in asymmetric nuclei
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Theoretical predictions for <Tn>/<Tp>
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Simple np-dominance model
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Calculation — Measurement

Simple estimate based on np-dominance
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The goal:

A(e’e 'n)highlA(e’e 'n)low

C(e,e'n)y,/"C(e,e'n)

Extracting - ratios

low

(and same for protons)

The steps:

* Identify (e,e'n) mean-field events (low missing momentum )

* Identify (e,e'n) 2N-SRC events (high missing momentum)

* Extract ratios and their uncertainties ,



SRC fractions

Simple prediction based on the
np-dominance model
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Data Mining
JLAB CLAS EG2 data set

Run at 2004 in Hall-B 5.014 GeV electron beam

Deuterium + Solid target simultaneously

“CI”AlI*Fel™ Pb




Particle Identification
Drift Chambers:

Region 1 s
Region 2

Cherenkov Counters

Region 3

Time-Of-Flight | Electro-Magnetic
Counters Calorimeter
(EC)

O. Hen et al., Phys. Lett. B 772, 63 (2013) O. Hen et al., Science 346, 614 (2014) 10
Detecting neutrons in CLAS EC (M. Braverman TAU thesis, 2014)



Detecting neutrons in CLAS EC
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Using an exclusive reaction d(e,e’' pn'nn)

Momentum resolution
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Analysis of QE events:

L. Identifying A(e,e'n) and A(e,e'p)
mean-field events

I1. Identifying A(e,e'n) and A(e,e'p)
high-momentum events

3
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Selecting M.F. QE events

protons neutrons
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%S"%zr% Solutions

I. Using electron quantities & scattering angle of the nucleon

—0.05<y<025  095<0<l7GeV 6 <8’

y=[(M,+0)Y A= M3 W= [g| A ]I W2 w=y (M +0)—[gf A=(Mi,—Mi+e?)l2

II. Using smeared protons to:
* Define and test the cuts
* Study bin migration

PP-) Psmeared =Z Gauss (Pp : 0') mo—

0.2 0.4 0.6 0.8 15
|GeV/c]

p smeared



False Positive & Negative probabilities
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Selecting high-momentum QE events

(e,e’p): Following CLAS analysis note (0. Hen 2012)

(e,e'n): Same strategy as M.F.:

I. Cut on common quantities:
xp>11  0.62<'57<11 0 y, <25

II. Using smeared protons:

To determinecutson P . & M

miss miss
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False Positive & Negative probabilities
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o,/o,

A(e,e'p)/C(e,e'p) ratios

Mean-Field High-momentum
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A(e,e'n)/A(e,e'p) ratios

Mean-Field High-momentum
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SRC fractions

Protons and neutrons super ratios
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Backup Slides



Solution 1: Using cuts common to (e,e'p) and (e,e'n)

QE cuts:Pmiss<0.25 GeV/c Emiss<0.08 GeV
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smeared protons neutrons

Without applying any cuts

24



With the common cuts:
~005¢y<025  095<0<17GeV  B,<8"  13<Q<35GeV /¢

smeared protons neutrons
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E P

miss miss

un-smeared protons

'good event':

P miss—unsmeared < 0‘25 Gev / ¢
&& E miss— unsmeared < 0’08 GBV

'bad event':

. P miss—unsmeared >0.25 GeV/ (

>(.08 GeV

I E

miss— unsmeared

cuts

smeared protons
(neutrons)
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Comparing un-smeared protons

QE cuts: P <025GeV/c  E,. <0.08GeV

miss
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Comparing un-smeared protons
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Checking the event selection

Energy momentum conservation: N
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Checking the event selection

From energy momentum conservation:
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Comparing the smeared protons and neutrons

smeared protons neutrons
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Comparing the smeared protons and neutrons

smeared protons neutrons
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Applying corrections

protons neutrons
* Coulomb correction * Detection efficiency
* Detection efficiency * Acceptance correction

* Acceptance correction

33



Protons simulation

*10,000 electrons from the data.

* Proton momentum & scattering angle uniformly
distributed.

*100xphi angle uniformly distributed.
* Running through CLAS MC simulation.

* Dividing event by event by the ratio of
reconstructed/generated.

34



Bp [degrees]

Hp [degrees]

Bp |degrees]

50

45

a0

35

30

25

Protons simulation - results
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A(e,e'p)/A(e,e'n) M.F. ratios
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Uncertainties of the event selection

Cut Cuts sensitivity

Range C Al Fe Pb
-0.05<y<0.25 +0.05 0.84% 0.83% | 0.58% 0.81%
0.95<w<1.7 GeV +0.05 GeV 2.1% | 2.0% 1.9% 1.8%

Ypa=© +10 20% 1.8% | 1.6% 1.4%

P_..<03GeV/c

+0.025 GeV/c 0.82% 0.49% | 0.56% 0.78%
E _..<0.19GeV

+0.02 GeV 1.9% | 2.2% 2.1% 2.1%
EC fiducial cut: 10 cm 30 cm 0.1% | 0.11% | 0.10% 0.09%
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Contributions to the uncertainty

Nuclei A(e,e'p)/A(e,e'n)  Statistics Neutron Simulation Event
Effic. selection

C 2.37+£0.17 +0.15 +0.07 +0.031 +0.09

Al 2.36+0.23 +0.19 +0.08 +0.030 +0.09

Fe 2.48%0.20 +0.15 +0.07 +0.032 +0.08

Pb 2.21+0.22 +0.18 +0.09 +0.034 +0.07
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Uncertainties of the event selection
A(e,e'p)/C(e,e'p) M.F.

Cut Cuts sensitivity
Range AlIC FelC Pb/C
-0.05<y<0.25 +0.05 1.6% 1.3% 1.2%
0.95<w<1.7 GeV +0.05 GeV 1.4% 0.8% 2.0%
O <=8° +]1° 1.9% 1.9% 1.6%
pq
P . <0.3GeV/c +0.025 GeV/c 2.0% 2.0% 1.8%
E__<0.19GeV +0.02 GeV 1.8% 1.8% 1.9%
Nuclei A(e,e'p)/C(e,e'p) | Statistics FP & FN Event
selection
Al/C 1.71+0.08 +0.05 +0.02 +0.06
Fe/C 2.4+0.11 +0.03 +0.02 +0.1
Pb/C | 5.2+0.23 +0.1 +0.05 +0.2




A(e,e'n)/C(e,e'n) M.F. ratios

o- peutrons *
E__
U L
@) i
) - FelC
41—
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- L1 ] Ll NN NN NN NN N
0 20 40 &0 g0 100 120 140 16D 180 200 220
Nuclei A(e,e'p)/A(e,e'n)  Statistics FP & FN Event
selection
Al/C 2.1+0.14 +0.12 +0.02 +0.06
Fe/C 3.2+0.12 +0.07 +0.02 +0.1
Pb/C 9.2+0.4 +0.17 +0.06 +0.06
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Uncertainties of the event selection
A(e,e'n)/C(e,e'n) M.F.

Cut Cuts sensitivity
Range AlIC FelC Pb/C
-0.05<y<0.25 +0.05 0.8% 1.3% 1.2%
0.95<w<1.7 GeV +0.05 GeV 1.4% 1.2% 1.7%
o _<8° +1° 1.5%  1.6%  1.0%
P _..<0.3GeV/c +0.025 GeV/c 1.2% 1.3% 1.5%
E__<0.19GeV +0.02 GeV 0.8% 0.9% 1.4%




M.F. ratios

Corrected for transparency and normalized
by Z (N).

Protons and neutrons M.F ratios
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1% step:
Following approved CLAS analysis note (O. Hen 2012)
to identify high momentum (e,e'p) events

* Xp>1.2 * 03<P_ <1GeV/c
# 0.62<|P,|/|71<0.96  * M, <11GeV/c’
* 9,<25°

2" step:

Modifying the cuts to select high
momentum (e,e'n) events

43




* Low statistics —  Xp>11

* Poor resolution =——» smeared protons

C 009
005[— un-smeared protons 008F- smeared protons
- = neutrons
L 0.07
0.04—
- 0.06 —
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ldentifying the Leading Nucleon

un-smeared protons : smeared protons neutrons

S .
QD O = s
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1000

Missing Mass cut
Mmlss (q 2m Plead)

smeared protons

un-smeared protons

ao0|-
500
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MmlSS[GeV/c ]

M . <mean+m. =1. 1GeV ¢’

miss
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Missing Momentum & Missing
Mass cuts

un-smeared protons smeared protons neutrons

'‘good event':

@s 0°3<P miss—unsmeared <1 GeV/ ¢

&& ) <1.1GeV/ ¢

miss— unsmeared

GeV/ ]

p

miss [

'bad event': <03

mlss unsmeared

‘ " P miss — unsmeared 1G€V/ ¢

>11GeV /¢

mlss unsmeared
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The selected events:

This analysis Proton analysis
(smeared protons & neutrons) (O. Hen et al.)

0.62<p/g<1.1 0.62<p/q<0.96
0,,<25° 0,,<25

M. <1.2GeVc
04<P_ <1GeVlc
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Comparing smeared protons & neutrons distributions:
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Comparing smeared protons & neutrons distributions:
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Missing energy distribution
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A(e,e'p)/C(e,e'p) ratios

(for smeared protons)

Corrections:
Normalization: target density & beam charge (FC)
C Al Fe Pb
Beam charge 3581.8 2719.4 5632.3 5079.6
Thickness [glcm?] 0.3 0.156 0.315 0.159
Radiative correction
False positive & negative probabilities
C Al Fe Pb
False positive [%] | 15.1 14.5 15.0 14.2
False negative [%] | 14.9 14.7 14.8 14.6
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Contributions for the uncertainty
Statistical error

Cut sensitivity

Cut Sensitivity AlIC FelC Pbi/C
range
x>1.1 +0.05 0.83% 1.5% 2.0%
0.62<p/g<1.l  +0.05 2.0% 2.5% 2.4%
0,,<25° +5°
M <1175GeVIc" | +0.05 GeVicz | 1.7% 1.8% 1.2%
04<P_<1GeV/c | +0.025GeVic | 2.2% 1.1% 2.6%

Radiative correction (negligible)

False positive and negative probabilities
AliC FelC PbIC

0.3% 0.9% 1.0%

Target density and beam charge (negligible)




Contributions for the uncertainty

AliC

FelC

Pb/C

0,0,

2.0+0.1

3.2+0.3

7.6+0.8

Event selection

+0.13 (92%)

+0.25 (80%)

+0.75 (93%)

False positive
& negative

+0.02 (14%)

+0.03 (10%)

+0.08 (10%)

Statistics

+0.08 (57%)

+0.06 (20%)

+0.15 (19%)
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Protons and neutrons high
momentum ratios

el

np-dominance model:
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Corrected for transparency and normalized by Z (N) 55
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