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What have we learned about SRCs?

Schmookler et al. Nature, 566, 354 (2019)
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What have we learned about SRCs?
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Motivation: Which nucleons form SRC pairs”?

M. Duer et al. (CLAS collaboration), Nature 560, 617 (2018)
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Motivation: Which nucleons form SRC pairs”?
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CaFe: Which nuclei to investigate”
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Which nucleons form pairs?

« How does adding +8 1f7/2 neutrons to a 2s1d closed shell *°Ca change the proton pairing?

‘ +6 protons (1£,, shell) ‘
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‘ +1 proton ‘

» How does adding +6 lf;,, protons to 48Ca change the proton pairing?

* light nuclei? 9Be — 10B — 11B — 12C

+1 proton
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CaFe (e, €’p) Kinematics
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Missing Energy vs. Missing Momentum
ME SRC

0.25 0.25r
B —3000 u
- 0.2 1
02F 3 9 - 369
- e —2500 — i
;0.15__ %0.15_— —40
S - <} B
=, N 2000 -
2 0.1 5 0.1
g - 1500 = - %
8005 0.05F-
£ - = -
Z O:— 1000 ‘7 - 20
S e e — s F
- - : 500 — 10
0.05 : Entries 143985 ~0.05F Entrics 5655
- Integral 1.44e+05 -
_0'6 WU ST VU RATETEAIR U RPN SR 0 - | | | . |Integral - 5234
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 -0 |— S — S — S
0.3 04 0.5 0.6 0.7
0.25p 0.25p —70
O.Zf— B 02F —60
2 0.15 —(800 > 0.15 _eo
O : O t
> 01 e 0.1
%o 0.1: 500 %0 B 40
= - ta -
20,05} on0.05 %0
N - 400 g -
'§ = < o 20
: 77777777777 2 O O : ID_CTIME_Q2_Xbj_thrq_Pm_CUT!
—0.05 Entries 69724 -0.05 Entries 9531 10
E | | | | | Integral6.972e+04 0 1: | | | | Integral 8227
~ 0 -0.1—— 0
0. 05 0 005 01 015 02 025 03 035 0.3 04 0.5 0.6 0.7
Missing Momentum [GeV/c] Missing Momentum [GeV/c]

11



What we measured ?

“single ratios”

A(e, elp)MF, SRC

12C(e, e'p)MF. SRC

N
Q-€-1Ty-p

A(e,e’p) :

N : (e, e'p) coincidence counts
O : total charge [mC]
e; : detector/DAQ efficiencies

Ty : nuclear transparency

p, : target thickness [g/ cm?]
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Missing Momentum and Single Ratios (light)
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Missing Momentum and Single Ratios (light)

R. B. Wiringa, R. Schiavilla, Steven C. Pieper, and J. Carlson Phys. Rev. C 89, 024305 (2014)
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AV18+UX calculations integrate over entire £, spectrum,
while CaFe does NOT (finite spectrometer acceptance)

Plots by Dien Nguyen
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Missing Momentum and Single Ratios (heavy)

R. B. Wiringa, R. Schiavilla, Steven C. Pieper, and J. Carlson Phys. Rev. C 89, 024305 (2014)
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AV18+UX calculations integrate over entire £, spectrum,

while CaFe does NOT (finite spectrometer acceptance)

Plots by Dien Nguyen
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Missing Momentum and Single Ratios
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What we measured ?

“high-momentum fraction”

Ale, e’p)SRC/A(e, e’p)MF

12C(€, 6,]?)SRC/12C(€, e’p)MF

N
Q-€-1Ty-p

A(e,e’p) :

N : (e, e'p) coincidence counts
O : total charge [mC]
e; : detector/DAQ efficiencies

Ty : nuclear transparency

p, : target thickness [g/ cm?]
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What we measured ?

“high-momentum fraction”

Ale, e’p)SRC/A(e, e’p)MF

12C(€, 6,]?)SRC/12C(€, e’p)MF

N
Q-€-1Ty-p

A(e,e’p) :

N : (e, e'p) coincidence counts
O : total charge [mC]
e; : detector/DAQ efficiencies

Ty : nuclear transparency

. cancel in double ratio
p, : target thickness [g/ cm?]
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SRC High-momentum fraction

Simple CaFe Projection
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High-momentum fraction

Results
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Summary

great data collected

needs more analysis
- rate dependence

- target impurities
- Systematic uncertainties

unexpected results iImply importance
of nuclear structure

expect final results this spring !
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Systematic Estimates Additional Target Corrections
(effect on double ratio)

beam-current dependency:
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Ca: oil contamination +

10% *°Ca subtraction
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virtual photon - nucleus interactions

deuteron

Plane Wave Impulse Approximation (PWIA)

pi,p+ pi,n= 0

deuteron

Meson-Exchange Currents (MEC)

suppressed at 0% > 1(GeV/c)?

28

deuteron

Final State Interactions (FSl)

suppressed at specific 6,, < 40 deg

pi,p+ pi,n= 0

deuteron

Delta, N* Resonance Excitations (IC)

suppressed at xg; > 1




Event Selection (MF)

(For illustration purposes, Ca48 MF run 17096 is used)
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Fvent Selection (MF
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Event Selection (MF)
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- shms_delta
° —
HMS & [A] 12000__ - 10 % S 6SHMS S 22 % Entries 248511
B Integral 2.442e+05
10000 _— shms_delta_cut
B Entries 226616
) 8000_— Integral 2.266e+05
e
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S L
o -
QO 6000
4000 —
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10°

10*

10°

Counts

10?

10

Event Selection (MF)

P.cal.etottracknorm {abs(CTime.epCoinTime_ROC2_center)<=2.5&&abs(H.gtr.dp)<=10&&P.gtr.dp>=0&&P.gtr.dp<=22&&hms_collimator_cut_flag==1&&shms_collimator_cut_flag==1}

[ IIIIII|

shms_cal_E/p
Entries 179363
Integral 1.793e+05

1 e- peak

0.8 < B/ Pryor < 1.3

shms_cal_E/p_cut

Entries 164274
Integral 1.643e+05

2 e-’'s peak

3 e-’s peak

0.5 1 15 ; =
SHMS Calorimeter E,_ / Py,
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« Particle Identification:
select electrons in SHMS

«  multiple peaks
constitue (~4-5%)

* n peak: n times the energy
deposited (n valid electrons)
n=1,2,3

- Account for multi-peak events:
(multi-track efficiency)

o Zn:2,3 Edep/ Po




4500
4000
3500
3000

12

= 2500
o

O 2000
1500
1000

500

Fvent Selection

P.in.primary.Q2 {abs(CTime.epGoinTime_ROG2_ &abs(H.qtr. gir. dp>=0&&P.gr.dj &hms_collimator_cut_f &&shms_collimator_cut_flag==18&F.cal

IIII|IIII|IIII‘IIII|IIII|IIII|IIII|IIII|IIII|

1.2

Q2

Entries 164274
Integral 1.642e+05

Q2_cut
Entries 84289
Integral 8.422e¢+04

0’ > 1.8 GeV?

1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

4-Momentum Transfer, Q? [GeV?]
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(MF)

- Kinematic Cut to
Suppress Meson-Exchange
Currents (MEC)



Event Selection (MF)

mmmmmmmmmm

B Em
B Entries 84289
5000_— Integral 7.812e+04
B Em_cut
4000 __ Entries 43201
B Integral 4.32e+04
7)) B
f
= |
(:D 3000 —
O r —20MeV < E_ < 100 MeV
2000(—
1000—
—00.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Nuclear Missing Energy [GeV]
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« Kinematic Cut to
suppress radiative tail/
select (e, e’p) events

Ep=v-T,—T,



Event Selection (MF)

- Pm - Kinematic Cut to
1600 Entries 43201 select mean-field (MF)
n Integral 4.32e+04 nucleons
1400 - Pm_cut
1200 — Entries 41421
B Integral 4.142e+04
L 1000/
S N
3 a0 P, <250MeV/c
600 —
400 —
200 —
%3 0 0.1 0.2 0.3 0.4 0.5

Missing Momentum [GeV/c]
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Event Selection (SRCO)

(For illustration purposes, Ca48 SRC run 17057 is useqd)

i comc1dence time + acceptance + PID cuts are same as (MF) kinematics

Kin.primary.Q2 {abs(CTime.epGoinTime_ROG2._center)<=2.5&&abs(H.gtr.dp}<=10&&P.qtr.dp>=0&&P.gir.dp<=22&&hms_collimator_cut_flag==1&&shms_collmator_cut_flag==1&&P.cal.etottracknorms=0.8&&P.cal.

2000
Q2
1800 Entries 45892
1600 Integral 4.583e+04
Q2_cut
1400 Entries 14180
w1200 Integral 1.414e+04
el
g 1000
3 2 2
8 0> 1.8 GeV

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

4-Momentum Transfer, Q2 [GeV?]
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- Kinematic Cut to Suppress

Meson-Exchange Currents (MEC)



Counts

Event Selection (SRCO)

Pxin.primary.x_bj {abs(CTime.epCoinTime_ROC2_center)<=2.5&&abs(H.gtr.dp)<=10&&P.gtr.dp>=0&&P.gIr. ,_collimator_cut_f _collimator, '_cut_flag==1&&P.cal.etottracknorm>=0.8&&P.cal .3&&PKin.primary.Q2>=1.8}

- XDj
700E Entries 1418001 o Kinematic Cut to

- Integral 1.418e+04 , :
600 e LATe suppress inelastic + DIS

- xbj_cut events at x<1

- Entries 1755
°F Integral 1755

- (i.e., suppress A, N*
400/ excitations)
300 — > 1 2
200 —
100 —

0 : | | | 1 | | | | | |
0.5 1 .15 2 2.5
X-Bjorken
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Counts
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Event Selection (SRCO)

,,,,, limatoe_cut |

8Pk B58Pk 1.2}

IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

10

20

th_rqg

Entries 1755
Integral 1755

th_rqg_cut

Entries 1159
Integral {159

0,, < 40°

30 40 50 60
Recoil Angle, 6,, [deg]

70 80
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90

9 . Angle between recoil system
rq e and virtual photon direction

« Kinematic Cut to
suppress re-scattering of
recoil SRC nucleon

(i.e., suppress final-state
interactions)



Event Selection (SRCO)

_POC2. prT———y _cobirunor_cut flages Cbpe1 bace (40 " TNuth: P18 )

Counts

[TT1

Pm
Entries 1159

Std Dev 0.1508

« Kinematic Cut to

Pm_cut
_ select short-range
Entries 802 correlated nucleon
Integral 802

350 < P, < 700 MeV/c

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Missing Momentum [GeV/c]
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Ca-48 Contamination Studies:

Background

e (Ca-48 target found to be contaminated with hydrogen (H) during initial 2 runs @

mean-field (MF) kinematics

e During Ca-48 short-range correlation (SRC) running, target received ~50-55 uA beam
throughout ~ 22 hr period (with occasional beam trips, and few runs < 50 uA)

e (Ca-48 MF data (3 runs) was taken again and found that the H-contamination peak

had been significantly reduced

Hypothesis:

pure mineral oil was only present on the
surface of Ca-48 and was “washed off”on
its own + high-current beam received
during SRC running helped with
decontamination process.

Purpose of this study: quantify hydrogen
contamination (and scale to Carbon)

present on Ca-48 during both MF and SRC
Kinematics runs

0.02

0.018

0.016

0.014

0.012

0.01
0.008
0.006
0.004

0.002

40

Invariant Mass W

Hydrogen peak
(Mp = 0.938 GeV)

f_Ca-48 MF tnf" | Both Histos
:—Run' 16979 Normalized to 1
~ Ca-48 MF (round 2)

~ Run: 17096

H w_16979

Integral

Entries 912141
Mean 1.159
Std Dev 0.1942

1

w_17096

Integral

Entries 808378
Mean 1.164
Std Dev 0.192

1

II|IIII|IIII|IIII|IIII|IIII

U'l|II‘III’III|||I‘|II‘III|III

L 1 1 L1 1 1 | [
0.8 0.9 1 1.1 1.2 1.3 1.4
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Ca-48 Contamination Studies Analysis Steps

determine H-thickness (g/cm?2) for each Ca48 MF run

determine C-thickness (g/cm?2) : Scale H-thickness to C-thickness
assuming a specific H/C ratio for mineral oil (research mineral oll
chemical composition for this)

Calculate T2 (e- singles) scalers / charge for all Ca48 runs to quantify
relative drop in contamination for all Ca48 SRC runs

absolute (H, C) contamination in Ca48 MF +

relative drop in contamination in Ca48 SRC runs
—> absolute drop in contamination for Ca48 SRC runs
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Relative Contamination (using scalers)

Charge-normalized T2 Scaler Counts Relative to 1st SRC Run

1.02
A Cad8 Uncorrected
fit: Ae @ + C
1.01 1 A = 3.090E-02 £ 1.331E-03
' a = 6.422E-04 + 7.258E-05
C = 9.728E-01 £ 9.806E-04
A (Ca48 Corrected to 55 uA
1.00 Cad8 Corrected to 55 uA
A (only last 3 runs)
2 0.991 5 TN
E ":j,‘t:"; A A A .
D] 3 :
Tg 0.98 4 :
n o)
~ ~3dmpk
o 0.971 : A
2 A A
+~ :
= A
D] .
= 0.96 1 : A :
. EA
A
0.95 1 Ca48 A
MF runs SRC runs :
0.94 1 MF runs
T2 scalers: SHMS EL-REAL singles trigger
0.93 , , , , l l ,
0 500 1000 1500 2000 2500 3000
Cumulative Charge [mC]
Ca48 Absolute Carbon Contamination Limiting Cases
MF MF
[16979, ...SRCruns...17093 ]
1C/2H : [31% ... ? ... 0.65 %] —>~ 3 % drop on C-thickness (assuming 1C/2H: alkanes or cyclic alkanes)
2C/1H: [1283% ... ? ... 26 % ] —> ~10 % drop on C-thickness (assuming 2C/H : alkylated aromatics)

e T2 scaler analysis of relative contamination consistent with lower limit (7C / 2H) of absolute contamination measurements
(expectation from chemical analysis is that there be little to none alkylated aromatics i.e., 2 C-atom / 1 H-atom ratio, and abundance of 1 C/ 2 H atoms))
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Beam Current Dependency Study: Motivation

e Normalized Yield is defined as:
N,
YV —
Q *Chtrk C €Cetrk * €Cmultitrk C€ELT 0 A * T
e Yield/charge dependence on

beam-current observed !

SRC data low stats (large error bar)
so beam current dependence not
obvious as it could be smaller than
error bar

MF data high stats (small error bar)
so beam current dependence is
obvious (next slide)
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0.90 -@- C12 MF (yield)
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Relative Yield (or T2 Scalers)
vs Average Current

charge-normalized
data yield should NOT change
with beam current

relative yield drops ~6-8 %
when beam current increases
~30 uA —> 60 uA (dashed)

relative T2 scalers (e-) increase
~4-6 % when beam current
increases ~30 uA —> 60 uA (solid)

Possible Causes of Yield
Dependency on Current:

> BCM linearity issue ?
» HCANA tracking algorithm?



Relative T2 scalers / mC

Relative T2 Scalers / Charge vs Cumulative Charge

light nuclei (MF)
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Relative T2 scalers / mC

heavy nuclei (MF)
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Relative T2 scalers / mC

Relative T2 Scalers / Charge vs Cumulative Charge

light nuclei (SRC)
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Relative T2 Scalers (or Yield) / Charge vs 12 Scaler Rates
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relative number of SRC pairs

C. Colle et al. Phys.Rev.C 92, 024604 (2015)
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