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What have we learmed about SRCs?

Schmookler et al. Nature, 566, 354 (2019)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.064004

» (e,e’'N):
SRC pairs:

® account for almost all high-p
(>250 MeV/c) nucleons in nuclei

® are predominantly np, even

IN neutron-rich nuclel

Target Z (protons) N (neutrons)
C12 6 6
Al27 13 14
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High-momentum fraction
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M. Duer et al. (CLAS collaboration), Nature 560, 617 (2018)
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» (e,e'p):
CaFe will answer:

* \Which nucleons form pairs”?

* How does adding neutrons
speed up protons?

 How does NN-SRC pairing
change with A and N/Z7?

Target  Z (protons) ‘N (neutrons)
Be9 4 5
B10 5 5

B11 5 6
C12 6 6
Al27 13 14

Ca40 20 20

Ca48 20 28

"Fe54 | 26 28

Fe56 | 26 30

Auf97 | 79 118

Pb208 | 82 126

\Votivation

Projected CaFe Results

M. Duer et al. (CLAS collaboration), Nature 560, 617 (2018)
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CalFe Experiment Setup

e ¢- scattering off low-momentum
(mean-field or MF) nucleon with internal

momenta, p; < 250 MeV/c

electron
detector

A ‘mean-field nucleon”

hadron
detector



CalFe Experiment Setup

e ¢- scattering off high-momentum (SRC)

bound nucleon with internal momenta, electron
p; > 250 MeV/c detector

e reconstructed (undetected) recoil nucleon

momenta, p, = ¢ — Py

! c=
----------------------------------------------------------------

"High-momentum
short-range correlated (SRC)
nucleon”

hadron
detector



Cale

—xperiment sSetup

e ¢- scattering off high-momentum (SRC)

bound nucleon with internal momenta,

D; > 250 MeV/c

e reconstructed (undetected) recoil nucleon

momenta, p. = g — p

¢ plane-wave impulse approximation
(PWIA)

» No further re-interaction between
knocked-out and recoll nucleon

» recoil momentum unchanged,
Pr~ —D;

» P, can be used to access internal
nucleon momentum distributions

electron
detector

1 ="
----------------------------------------------------------------

Pl foa -

hadron
detector



Cale

—xperiment sSetup

e ¢- scattering off high-momentum (SRC)

bound nucleon with internal momenta,

D; > 250 MeV/c

e reconstructed (undetected) recoil nucleon

momenta, p. = g — p

e Final-state interactions (FSI):

» recoll nucleon re-interacts with
kKnocked-out nucleon

» recoll momentum modified,
Py 7& — P

» P, cannot be used to access internal
nucleon momentum distributions

electron
detector

1 ="
----------------------------------------------------------------

hadron
detector



CaFe (online) statistics collected

Ale, e’p) Counts (@ SRC kinematics) -
Feb 2023
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Cale Analysis Status

BCM calibration

ref. times / time windows /
detector calibrations

SHMS optics

proton absorption

cuts sensitivity studies
(analysis cuts systematics)

data-to-simulations
h(e,e’p), c(e,e’p) checks

other sources of systematics
(BCM, live time, efficiencies,
kinematics, etc.)

target boiling

COMPLETE

COMPLETE

COMPLETE

IN-PROGRESS

IN-PROGRESS

IN-PROGRESS

PENDING

PENDING

Study m Leading Effort

C. Yero

C. Yero / N. Swan

H. Szumila-Vance

N. Swan

C. Yero

C. Yero / D. Nguyen / N. Swan

D. Nguyen

N. Swan / D. Nguyen
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Data Quality Checks
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Data Quality Checks performed by Noah Swan (Hall C CaFe graduate student)
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Data Quality Checks

E, vs. P,
02 Xg Vs. P,
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Normalized Counts

Data Analysis Challenges

Invariant Mass (Ca48, mean-field)

0.024

- contaminated @@ ..
0.022— ; [l

- de-contaminated | ®
0.02}~ o H
0.018F~ Hydrogen peak . i
0.016 (Mp =0.938 GeV) ® rate-dependence
0.014f
0.012}= e double coin. time peak

0.01F—

0.008}- 4 e H(e, e’p) optics optimization
0.006 i
0.004— : :

- ® data-to-simulation
0.002:—

8:5 06I [ IO|7I [ I0|8I |1 Iolgl L1 1 '|1 L1 1 I1 |1I (| I1 |2I (| I1 |3I (| I1 |4l (| I'1 5
Invariant Mass W [GeV]
Hypothesis:

- pure mineral oil (C + H) at surface of Ca-48 “washed off’on its own
- high beam current helped with decontamination process
14



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

Data Analysis Challenges

1.02
A Cad8 Uncorrected
+ fit: Ae=*¢ + C
1.0] - + ; A= 3.090E-02 £ 1.331E-03
: a = 6.422E-04 £ 7.258E-05
A C = 9.728E-01 £ 9.806E-04
: A Ca48 Corrected to 55 uA
1.007 : - 3 % decrease Cad48 Corrected to 55 uA o
A (only last 3 runs)
% 0.99 1 AR
g ® rate-dependence
= 0.981 :
[a\] H
— 5 - -
c097{ < ® double coin. time peak
Q
£ 0.961 A .
: 3 - O -
. A ® H(e, €’p) optics optimization
0.95 - Ca48 (SRC) A
ME runs high-pmiss MF | |
0.94 i MPruns e data-to-simulation
T2 scalers: SHMS EL-REAL singles pre-trigger
0.93 . i . ; . . . .
0 500 1000 1500 2000 2500 3000
Cumulative Charge [mC]
Measurements:

- ~3 % apsolute drop (3.1 to 0.65 %) In H-scaled Carbon contamination @ MF kin
- ~3 % relative drop in charge-normalized T2 (e- singles) scalers @ SRC kin

iNndependent measurements of absolute and relative contamination consistent !

** still need further verification from chemical analysis (D. Meekins, in-progress)
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Relative Yield (or T2 scalers) / mC

Relative Yield (or T2 scalers) / mC
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Data Analysis Challenges

1.00 1=
Ca40 mean-field
0.99
0.981 =
© 007] e Ca48 oil contamination
p=
2 0.96
< ®
o 0.95
0.94 : :
+ ® double coin. time peak
0.93 1 =
0.92- ’ : S :
70 80 99 100 110 10 10 140 150 ¢ H(e! S p) OptICS Optlmlzathn
T2 Scaler Rate [kHZ]
12 (orars) TDC time ® data-to-simulation
= CUT OUT
10¢ ;_ after_CUt accidentals E
- before_cut f , —
0we problem: no trigger timing cuts made on T2 (and T3)
25 triggers -> wrong (accidental) trigger used to form the
E accidentals T2 : coincidence lead to good coincidence signals blocked and
ol that block the : drop of yield
- coincidence
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Data Analysis Challenges

1.00{ @<
- Ca40 mean-field
g9 =
0.98 .
S 097 . * e Ca4d8 oil contamination
=
£ 0.96
Z oo °
0.94 : :
after_cut * ® double coin. time peak
0.931 -
0.92 1 y ; C :
70 80 90 100 110 120 130 140 150 ¢ H(e! e p) OptICS Optlmlzathn
T2 Scaler Rate [kHZ]
(T2 - T3) Coin. TDC time (corrected for path length) , ,
" tter out s ® data-to-simulation
— Entries 107330
10° g_ before_CUt Integral 6.774e+04
= withwrong T2 or 9 TOC hi otime_after
35 Integral 6.774e+04 ) . .
e solution: apply timing cut to triggers (12, T3) that form the
0 coincidence signal -> use the correct trigger time to recover
- coincidences (and vyield)
10 -
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L

— | L | | | | | | | | I | | | |
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(T.coin.pTRIG2_ROC2_tdcTimeRaw-T.coin.pTRIG3_ROC2_tdcTimeRaw) {T.coin.pEDTM_tdcTimeRaw==0&&g.evtyp>=4}

Data Analysis Challenges

e (Ca48 oil contamination

® rate-dependence

® H(e, e'p) optics optimization

® data-to-simulation

problem:

raw_ctime_run16977
Entries 290644
— CS12 (';go uA) < > Mean 414
Std Dev 70.49
10* &= ( ep ) 30 n S Integral 2.906e+05
— I
= C12 (~60 UA) raw_ctime_run17098
- Entries 110067
- (Sep 27) 2nd peak Mean 311.9
3| : Std Dev 49.14
10 = Integral 1.101e+05
10° =~
10 =
1= . ||: |O.1 ns/Ch
= 1 1 | 1 1 1 | 1 1 1 | 1 1 1 :l 1 : 1 | 1
-200 0 200 400 600 800 1000 1200
Channels
(T.coin.pTRIG2_ROC2_tdcTimeRaw-T.coin.pTRIG3_ROC2_tdcTimeRaw) {T.coin.pEDTM_tdcTimeRaw>0&&g.evtyp>=4}
raw_edtm_run16977
Entries 35881
4 Mean 482.6
Std Dev 32.96
104 = 3 O n S Integral 3|.588e+04
— raw_edtm_run17098
— Entries 6366
— Mean 396.1
3 Std Dev 40.13
10 = 2nd EDTM Integral 6366
= T : ”
- missing
— .
107 -
10 =
1= | j.l_l’lll" | 0.1 ns/Ch
-200 0 200 400 600 800 1000 1200
Channels

e hardware trigger component offset +30 ns coincidence
- part of good coincidence trigger offset
- corresponding EDTM signal also offset (and missing)

solution:

e “‘missing EDTM” signal leads to lower DAQ live time
and this also accounts for the lost (2nd peak)
coincidence signals when correcting for the live time

19



Missing Energy

Invariant Mass

0.1 0.1
of- Pre-optimization (data) 009F
0.08F s . 0.08f-
= post-optimization (data) -
0.07F 0.07f
0.06— o 0-062_
oost 0.051—
0.04F 0.042—
0.03F- o.osi—
0.02F 0.022—
0.01= 0.01F
i T iR R B R,
0= %04 002 o0 002 004 006 008 01 08 0.85
Missing Momentum X-Bjorken
0.1 0.08
0.0 i_ 0.070-
0.08- -
= 0.06—
0.07— -
0.06F- 0.05
0.05 f— 0.04—
0.04f 0.03F
0.03F -
= 0.021—
0.02F- C
0.01 i_ 0.1~
0 = L 1 | iRk B T B N L1 L1
0.04 -0.02 0.1 9 092 0. 1.04 106 1.08 1.1

Data Analysis Challenges

H(e, €’p) kinematics (after optimization+centroid alignment)

e (Ca48 oil contamination
® rate-dependence

® double coin. time peak

® data-to-simulation

Thanks to Holly Szumila-Vance for H(e, €’p) angle/delta optimization
( See references: [1], [2])
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https://hallcweb.jlab.org/doc-private/ShowDocument?docid=1198
https://hallcweb.jlab.org/doc-private/ShowDocument?docid=1205
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r o= i,
0.9F e e e
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086_ '-

Invariant Mass W vs. SHMS x’tar (DATA)

P.kin.primary.W:P.gtr.th {P.kin.primary.x_bj>0.9&&P.kin.primary.x_bj<1.1&&P.gtr.dp>0}

1
gk 6.8 d I
IR 6.8 deg (singles
T A, _______
8005 ~0.04 —0.03 —0.02 001 0 001 002 003 004 005
ry.W. { p ry.x_bj>0.984& ry.x_bj &8 dp>0}
0.96— -
095: -.l ot - L =
0.94— ipd
0.93 1

I L] — — _ _
05 004 —003 ~0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05

0.96 -

40

35

30

25

0.92f

5 0.88F

0.95—
0.94— -4

0.93F= -H
20 91"

15 0.9 " .

10 0.89 =¥

o %%

05 -0.04 -0.03 -0.02

-0.01 0 0.01 0.02 0.03 0.04 0.05

kin.primary.x_bj>0.9&&P.kin.primary.x_bj<1.1&&P.gtr.dp>0}

16962
Entries 164955
-

3deg (com)

0

Data Analysis Challenges

Ca48 oil contamination
rate-dependence

double coin. time peak

H(e, €’p) optics optimization

data-to-simulation

DATA W dependence on X'tar (relative out-of-plane) could distort location of W peak
in each of the singles elastics runs (largest effect @ 6.8 deg)

2



Data Analysis Challenges

Invariant Mass W vs. SHMS x’tar (SIMC)

W:e_xptar {Weight*(Q2/(2*0.938*nu)>0.9&&Q2/(2*0.938*nu)<1.1&&e_delta>0)}

; _xpta {w ight*(Q2/(2*0.938"nu)>0.98&Q2/(20.938"nu)<1.18&e_delta>0)}
m.E = . - - .

e g, iy - i | simc_singles_7p495
0.99 —mi gl =

sLE EPR Eiries 70135

0.8 I L

e Ca48 oil contamination

0.97F :

0.96F
0.95F 5 o = .,“:n._‘ --Dj -

0.94F

® rate-dependence

0.93F
0.92F =L

0.91 =7 " T

o — N w » (4] (o)) ~ [od] ©

L R N I
0—805 —004 —003 —002 —001 0 001 002 003 004 005

0355 4.>c:4- 4'03 2002 001 0 001 002 003 004 005 o dOUble COin_ time peak

W:e_xptar {Weight*(Q2/(20.938*n )>o 9&&02/(20938 ) <1.188¢e_delta>0)} W:e_xptar {Wei ght (Q2/(270.938"nu)>0.98&Q2/(270.938"nu)<1.18&e_del 'ta>°)>
— - = 1- - e

°0.99F

4 0.98F

2 097F

0.96F

0.95F

® data-to-simulation

0.94F

0.93F

0.92F = - = L Ll
C _l-l

C091F

0—805 -0.04 -0.03 -0.02 -0.01 001 002 003 004 005 ° %.oé”—o.ms -0.01 —o.oosll 0 I 0005 001| 0015 |002

NO SIMC W dependence on X'tar (relative out-of-plane) as expected, but
since DATA has dependence, can affect centroid alignment of W
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Data Analysis Challenges

Invariant Mass W (after optimization+centroid alignment)

0.08[— H W simc 0.08— H_W_simc
E A 2 MCV Eres 14999 = i —
0.07 :— Cotnstanl 0.07499+0.00103 || 0.07 :—A ~ 1 . 9 M@V z::::m 0.07272 io.::;z:
E M 0.9448£0.0001 - +
0.06 F Sigma  0.009035+0.000148 || .0 — :ean -
. - DATA H_W E igma 0;09:\3,6\:; +0.000144 I I .
0.05— EZ:Z:m 0.07115 to.oZ?Zz 0.05|— Entries . S . C a4 8 O | | C O n t a m | n at I O n
C S | M C Mean 0.9468 +0.0002 C Constant 0.06564 +0.00147
0.04— Sigma  0.008895+0.000265 ||  0.04— Mean 0.9473+0.0002
P . Sigma  0.009652 0.000323
0.035— 0-03;— (e e ;)
— — )
- . - ® rate-dependence
; SHI\/IS @ WSSO T,
L + :
e C 6 8 deg f miﬁﬁhﬂii& —7 495 deg f ii#f*ﬁﬁ## et .
DTN . T TR AT . e .
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~1-2 MeV data/simc mis-alignment

e difficulty fitting higher order matrix elements to reduce x'tar dependence
( may be best optimized matrix that can be done ?!)



H(e, e’'p) Data / SIMC Yields

Missing Energy

@ DATA | Integral: 14618.396
- SIMC | Integral: 15879.654
DATA DATA / SIMC = 0.921 £0.003
S I M C ~« NOT corrected for:
9%

- - radiative_effects
- energy_loss

Charge-Normalized Yield
=
(=
S

~0.03 —002 -0.01

1400

1200

—
(=3
[=3
(=}

Charge-Normalized Yield

~« - proton_abs

Missing Momentum

0.02 0.03 0.04

III|II\‘I\I[IIIIIIIlIIIl\I\lI

@ DATA | Integral: 14534.123
- SIMC | Integral: 15875.032

DATA / SIMC = 0.916 £0.003
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Invariant Mass

T[III|\I

% DATA | Integral: 14618.396
% SIMC | Integral: 15879.622
DATA / SIMC = 0.921 £0.003

rrrJjrrrJrrryrrryrrrJrrr| 11ty T
o | \ | | | | \

092 094 096 0.9

X-Bjorken
® DATA | Integral: 14617.448
- SIMC | Integral: 15879.668
DATA / SIMC = 0.921 £0.003
fo

e Measured DATA/SIMC ~ 92 %
(where are remaining counts?)

- HMS proton absorption expected ~ 5%

Y =
Q " Cntrk * Cetrk * Cmulttrk " €LT TN " Othick

1 1.02 104 106 108 11

Data Analysis Challenges

Ca48 oil contamination
rate-dependence
double coin. time peak

H(e, e’p) optics optimization

N, (e.e'p)
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Charge-Normalized Yield

Charge-Normalized Yield

C(e, €’p) Data / SIMC Yields

Missing Energy

INnvariant Mass

# DATA | Integral: 2241.192
- SIMC | Integral: 2694.056
DATA / SIMC =0.832£0.011

1.1

x-Bjorken

e
12 13 14 15

350 % DATA | Integral: 2244.266 120
C ‘8 SIMC | Integral: 2699.693 B
— DATA / SIMC =0.831+0.011 L
= DATA
250 S I M C 1 N
- NOT corrected for: 80—
0 - - radiative_effects i
- - energy_loss N
C | 60—
L | - proton_abs -
- » - spectral_strength_loss L
100{— _
C 20 |
50— B
: Il L L l L L 1 1 b 4! % | 1 1 1 1 | Il L L L | | L L L
-0.1  —0.05 0 0.05 0.1 0.15 0.2 025 05
Missing Momentum
1000 , 300
C # DATA | Integral: 2244.266 -
900 - ‘& SIMC | Integral: 2699.692 *
C DATA / SIMC = 0.831£0.011 B
E 250—
800E . .
7001 ¢ B
= 200—
[ 7 —
600— L
5001~ 150—
400 B
3005 100[—
200~ | , -
E / ’ 50—
100F C
0: de ,/A% | | | | Ly -

o e b b b b 1
01 02 03 0. 05 06 07 08 09

@ DATA | Integral: 2244.266
# SIMC | Integral: 2699.692
DATA / SIMC =0.831 £0.011

* Measured DATA/SIMC ~ 83%,
(where are remaining counts ?)

- HMS proton absorption expected ~ < 5%

- Loss of C12 spectral strength due to SRC ?

(Hall C CT exp. Estimated ~11%))

2.5

Data Analysis Challenges

Ca48 oil contamination
rate-dependence
double coin. time peak

H(e, e’p) optics optimization

N (e,e'p)

Y_

Q " Chtrk " Cetrk * Cmult.trk T €LT " TN " Othick * ZIA
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Single Ratio Checks (per proton)

Y
R=-4
YC12 MF

NA(e,e’p)

.1
)A
Q - Entrk ° €Cetrk * Cmult.trk * €LT 7N' Othick ZIA



Q2 Dependence Study

CaFe MF single ratio per Proton vs. A

k.
%

SASASE

@Q

MF-Pass3 (Q2 > 1.8)
Q2:1.7-2.1
Q2:2.0-2.2
Q2: 2.2 -2.8

Study done by Dr. Dien Nguyen

10!

A

102
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Missing

CaFe MF single ratio per Proton vs. A

—Nergy

Dependence Stuady

e ® MF:.pass3 (Em<90)
[ ] O MF:Em < 60
& MF:Em < 120
®
Study done by Dien Nguyen ©
s — 10
A
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N

- Single

Ratio

Data/SIMC

CaFe Single Ratio (per proton) vs. A

Lol o

1.0

| 0.9 -

O
(00]
1

A MF /C12_MF

o
~
]

0.6

0.5 -

® Be9
e B10

¢
@ Ca40

Feb56

efes4

@Ca48

« DATA + SIMC exhibit similar trend

- spectral strength loss due to limited
(Emiss, Pmiss) acceptance ?

¢ pass3
¢ SIMC
Aul97 @
Aul97 o

! I

101

102

‘Scattering off
low-momentum
proton should NOT
depend on A”
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High-Momentum (SRC)
Single Ratio (per proton)

R — YCa48

Y, Cad0 I1SRC

NA(e,e’p)

.1
)A
Q - Entrk ° €Cetrk * Cmult.trk * €LT 7N' Othick ZIA
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SRC Ca48/40

1.2

0.8
0.6
0.4
0.2

RC Ca-48 / 40 Single Ratio (per proton)

Single SRC Ratio Ca-48/40

PR ST Al AR G T Lo e A GO T, 0 L AR T TN O R RAICH BT N KA R R 1] Sl ok OUot i funt Sa Wi ok WAt Al AL LA LA A |
03 035 04 045 05 055 06 0.65 0.7
Missing Momentum, 0 [GeV/c]
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SRC Ca48/40

Single SRC Ratio Ca-48/40 D. Nguyen et al. PRC 102, 064004 (2020)

& 1.25 :
2fle.e’p) Ca-48/40 ¢ - (e.€) Ca-48/ 40 |

- ¢ ¢ e 1 0 .2

- ¢ : + - (per-nucleus) L H - % ! ; H

— 115 HH t1

— ; *HH{ K>250 MeV/c

B 1.05— :

;_ (oer-nucleus) -

00 0 0% 0 0 00 06 gy b8 112 14 A6 8 2

Missing Momentum, b [GeV/c]

> Which nucleons pair?
Same shell?
Different?
26 + 8 neutrons

20
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.064004

summary

- great data collected

- need to finalize analysis
- data/simulation
- proton absorption
- systematic uncertainties

- unexpected and interesting Ca-48/40
results iImply importance of nuclear structure

- expect final results this fall !
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virtual photon - nucleus interactions

9.
0 D p
7P,
deuteron deuteron
Plane Wave Impulse Approximation (PWIA) Final State Interactions (FSI)

suppressed at specific 6,, < 40 deg

pi,p+ pi,n= 0 pi,p+ pi,n= 0

— 7P,
deuteron deuteron
Meson-Exchange Currents (MEC) Delta, N* Resonance Excitations (IC)
suppressed at 0% > 1(GeV/c)? suppressed at Xgj > 1 a5




Event Selection (MF)

(For illustration purposes, Ca48 MF run 17096 is used)
CTime.epCoinTime_ROC2_center {g.evtyp>=4}

ctime
Entries 422519

Integral 3.848e+05

ctime_cut
Entries 282856

Integral 2.829e+05

|t

coin

| <2.5ns

| Accidental peaks are selected and
used for subtraction (not shown)

10*

Counts

10°

-15 -10 -5 0 5 10 15
Coincidence Time [ns]
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Fvent Selection (MF

H.extcor.xsieve:H.extcor.ysieve {abs(CTime.epCoinTime_ROC2_center)<=2.5}

20 = = = —
= I - - o= & |_NMs_collimator
Z - - =.~= = | Entries 248511 _lo50
15— =« B " .- - |Meanx 007748
- - - "e = |Meany  _09242
'S 10— - - w_ " --| StdDevx  2.567
5 - = "= o= '_- Std Dev y 6.661 —1200
= - R O - - = =
x 5 [ - - En - - - - - -
8 - - _" n I [ I
— — - - -
g 0 __ - " " m l. : -
% E = - - E - -
G s L -~ - -
Z o LT
T 10— = = - -
E - = - 50
-15— i =
— : 1 1 1 1 | 1 1 1 | | | | | 1 +. | | 1 1 1 | 1 1 1 1 | | | | |
2£)20 -15 -10 -5 0 5 10 15 20 0
HMS Collimator Y [cm]
P.extcor.xsieve:P.extcor.ysieve {abs(CTime.epCoinTime_ROC2_center)<=2.5}
0= = . " - - . = & _| shms_collimator
- - - — = = |Entries 248511 | |
™ - .. - " "|Meanx -2.062 1000
20 - - -— - o Mean y -0.5717
— - . - = = Std Dev x 3.4
E .- IStdDevy 4.273
S = - | —800
X 10 -
S hI° i .
el = — -
© m- - - 600
g Of = a_ " s
— m - -
8 : . - - -
=" B - - m -. 400
AN 10, ) g -
E : s " - - " o=
B I -r: -
—20— .- A . = [ 200
: - — - T. = - . - - -
_30_| R |-|':| |-| Ll:'.E':--—l |-|—:-|-'|'| s |-|- L1 0
-30 -20 -10 0 10 20 30

SHMS Collimator Y [cm]
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HMS Collimato ;iX [cm]

20
- hms_collimator_cut
— Entries 217941
15— Meanx  0.09744
= Meany  _0.5446
10— StdDevx  2.327
Z Std Dev y
~15—
— : 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 l 1 1 1 1
2(—)20 -15 -10 10 15

H.extcor.xsieve:H.extcor.ysieve {abs(CTime.epCoinTime_ROC2_center)<=2.5&&hms_collimator_cut_flag==1}

-5 0 5
HMS Collimator Y [cm]

« SHMS acceptance
determined (OR SET) by HMS
(@ngular cut will not do much,
but is still applied)

20
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—1200
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5000

4000

3000

Counts

2000

1000

-15

Event Selection (MF)

H.gtr.dp {g.evtyp>=48&&abs(CTime.epCoinTime_ROC2_center)<=2.5}

-10

-5

| Spms| < 10 %

0 5
HMS 6 [%]

hms_delta
Entries 282856
Mean -1.548
Std Dev 6.26
hms_delta_cut
Entries 251512
Mean -1.679
Std Dev 5.314

514000

12000

10000

8000

Counts

6000

4000

2000

—10
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Momentum Acceptance Definition

P—P
o= 0
Py

Spectrometer central momentum

Py :
P :

Particle track momentum

P.gtr.dp {g.evtyp>=4&&abs(CTime.epCoinTime_ROC2_center)<=2.5}

shms_delta
Entries 282856
Integral 2.78e+05

shms_delta_cut
Entries 257501
Integral 2.575e+05

FrT 1T 7 T T TT7T T T T T TTTT T TTTTTT T TTT T
| ! | | | | |

5 0 5 10 15 . 20 25
SHMS & [%]




Fvent Selection (MF)

10° = shms_cal_E/ : P
. 1e-peak h 038 < 9 n e 20—49;5’ - Particle Identification:
B select electrons in SHMS
10 4l Integral 2.05e+05
= shms_cal_E/p_cut || . multiple peaks
E 2 a-'s peak Entries 195924 constitue (~4_5%)
. 1 03 _— Integral 1.959e+05
§ E * n peak: n times the energy
S102 deposited (n valid electrons)
_ n=1,2,3
3 e-’s peak
§ - Account for multi-peak events:
10 . ..
(multi-track efficiency)
1
anz,s Egep/Fo
0 0.5 1 1 5 2 2.5 3 €Emulti.trk —
SHMS Calorimeter E g, /Py > ne1 Edep/ Po
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5000

4000

3000

Counts

2000

1000

0

Fvent Selection

Q2

Entries 195924
Integral 1.959e+05

Q2_cut
Entries 96425
Integral 9.639e+04

0’ > 1.8 GeV?

1 12 14 16 18 2 22 24 26 28 O

4-Momentum Transfers, Q° [GeV?]

40

(MF)

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



Event Selection (MF)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

&

0

Em

Entries 96425 | *
Integral 8.91e+04

Em_cut

Entries 45591
Integral 4.559e+04

—20MeV < E_ <90 MeV

o1 02 03 04 05 06 0.7
Nuclear Missing Energy, E_ [GeV]

471

Kinematic Cut to
suppress radiative tail/
select (e, e’p) events

Ep=v-T,—T,



Fvent Selection (MF)

o

0

Pm - Kinematic Cut to

Enties 4559111 gglect mean-field (MF)
Integral 4.559e+04 nucleons

Pm_cut
Entries 44581
Integral 4.458e+04

P, <270MeV/c

0.1 0.2 0.3 0r. 0b
Missing Momentum, Pm [GeV/c]
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Event Selection (SRCO)

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

** coincidence time + acceptance + PID cuts are same as (MF) kinematics

2200 Q2
2000 - Entries 51370
18005— ntegral 5.135e+04 || * Kinematic Cut to Suppress
- Q2_cut Meson-Exchange Currents (MEC)
1600 Entries 15329
. 1 4002_ Integral 1.531e+04
€ 1200
=2 = 2 2
81000;— () L8 (icy
800
600}~
400
200
0 [

T R T e I S S W R e ue
4-Momentum Transfers, Q? [GeV?]
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Counts

Event Selection (SRCO)

900
800
700
600
500
400
300
200
100

OO

05

1

1.5
x-Bjorken

xg; 2 1.2

xbj

Entries 15329
Integral 1.533e+04

xbj_cut

Entries 1770
Integral 1767
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« Kinematic Cut to

suppress inelastic + DIS
events at x<1

(i.e., suppress A, N*
excitations)



Counts

Event Selection (SRCO)
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40
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20

10

OO

10

20

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

th_rq

Entries 1770
Integral 1770

th_rqg_cut

Entries 1192
Integral 1192

,, < 40°

70 80 90

45

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)



Counts

Event Selection (SRCO)

45
40
35
30
25
20
15
10

OO

0.1

1
02 03 04 05 06 0.7 08 0.9

Pm
Entries 1192
Integral 1182

Pm_cut
Entries 750
Integral 750

Missing Momentum, Pm [GeV/c]
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350 < P, < 700 MeV/c

« Kinematic Cut to
select short-range
correlated nucleon



Yield Extraction

N,
(e,e’p)
Y =
Q " Chntrk * Cetrk T Cmultark T CLT TN * Othick

HMS Track Eff.
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Yield Extraction

Nie.ep)

Y =
Q " Cntrk * Cetrk T Cmultark T CLT TN * Othick

SHMS Track Eff.
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0.980 -

o@ o
@’i@ '

(Vp)
S o
& 0.970 - ‘t
g ’ Be9 ‘ $
S 0965 @ B1O
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¢ C12 O 0+
0.96019 o ca40 ©)
@ Ca4s8 ‘
09554 © Fes4 '?
O Aul97

50 75 100 125 150 175 200
SHMS (T2) Scaler Rate [kHZ]
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wn
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Yield Extraction

Nie.ep)

Y =
Q " Cntrk * Cetrk T Cmult.ark * €LT TN * Othick

SHMS Multi-Track Eff.

o
0.99 - %
8
0.98 - @
(V)
oy
Ny
(V)
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£ @ B1l0
w é BIl1
0.96 - ® Cl12 (@)
© Ca40 ® ©
@ Ca4s *
© Fe54
0951 o Aul97 o ~
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SHMS (T2) Scaler Rate [kHZ]



)7 —_

Yielo

—xtraction

Nie.ep)

0.95 A

Total EDTM Live Time

Q " Cntrk * Cetrk T Cmult.ark * CLT TN * Othick

10O

0
O
O

O

$

OREORE RO B B R 4

B :
o‘i""? v‘%&%fe :¢Q

Be9
B10O
Bll
Cl1l2
Ca4o0
Ca4s8
Fe54
Aul97

25 50

100 125

150

175

200

SHMS (T2) Scaler Rate [kHZz]




Yield Extraction

v Ne.ep)

Q " Cntrk * Cetrk T Cmult.ark T CLT TN * Othick

K. Garrow et al. PHYSICAL REVIEW C 66, 044613 (2002)
1

_ 2

B R
0.8 + CaFe, Q% > 1.8 For Q2% > 2GeV?

_ 07 - + c — 1

§ 0.6 ;_ L += + . s C a — 0.24

§ 05 - # .
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'&_‘3 0.4 -4, * ¢ 4,. + + ® Fe

o
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>3
_b_
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Single Ratio Checks

Yy

R —=
YC12 MF

o2



III|II||II||III|I|I|III|I

(R RO iull RN
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6 1.8 2 22 24 28 28
Q? [GeV?
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Q2 Dependence on Single Ratios: A_MF / C12_MF

-------- Q2 > 1.8 (baseline)
1 Q2:1.7 - 2.1

1 Q2:2.0-22
1 Q2:22-28

CaFe MF single ratio per Proton vs. A

b
o

MF-Pass3 (Q2 > 1.8)
Q2:1.7-2.1
Q2:2.0-2.2
Q2:2.2-2.8

SASASE
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data
Q " Cntrk * €etrk * €tLT * Othick * T-Z/A

101

102
A 53




1200

1000

800

Counts

400

200

III|III|III|III|III|III|II

Missing Energy Dependence on
Single Ratios: A_MF / C12_MF
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example of how systematic cut sensitivity is studied in CaFe

* randomly-sampled
gaussian for N=1000 distinct
kKinematical cut variations

« central kinematical cuts were
varied by +/- 2 standard
deviations

- data analysis performed
for every N=1000 cut
variations to determine the
systematic spread

Systematics

o

4-Momentum Transfer, Q2.
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Q2 [GeV?]
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Systematics

Ca48 SRC Integrated Yield

50 (total) o (6PMmin) (6PMmax)
- systematic spread (gray) in “/i‘g‘ioizoéi N “/3:18208;%“ 100- “/%820323333
integrated missing " .. ]
momentum yield due to . N N
different cut variations . .

5000 7500 10000125001500017500 5000 7500 10000125001500017500 5000 7500 10000125001500017500

- individual (colorful) (607) (6X2) (6615)

tributi f h > s 11:10318 + 39 19983 + 48 & 11:10188 + 49
- — 0:435%39 0:1559 + 48 - 0:1104 + 49
contrioutions from eac % 0/ 1:0.042 60 1 o/ 1:0.156 o/ 1:0.108
[ 60 .
varied cut on the total =] 40- 40-
D 40
" u | -
iIntegrated yield = 2. 20-
O T T T T T T O T T T T T T 0 -
5000 7500 10000125001500017500 5000 7500 10000125001500017500 5000 7500 10000125001500017500
(6HMSCO/I) (6SHMSCO//) 1.0
11:10192 + 23 1:10155 + 0 '
60 - 0: 457 + 25 150 - — 0:10%0 0.8 -
o/ u:0.045 o/u:0.001
0.6 -
40 - 100 -
0.4 -
20 - 50 -
| 0.2-
0 0 0.0

5000 7500 10000125001500017500 5000 7500 10000125001500017500

Integrated Yield

5000 7500 10000125001500017500

o6



Systematics

Ca40 SRC Integrated Yield

(total) (6PMmin) (6PMmax)
+ systematic spread (gray) in ™" bilsszs | 1507 __ bimiess | 200 __ bi3erezs
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g g 100
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* Typical systematics on
single SRC ratios
(example shown for
SRC Ca48/40)

- Systematic effects on
single ratio of SRC/SRC
seemtobe~1%
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Single Ratio Ca48 SRC / Ca40 SRC (systematics)
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0:0.014 +£0.001
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