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Okay, but how do you actually DO it?
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I
Even Theorists Can Do [t!

PR12-14-012

JLAB-PHY-18-2656
SLAC-PUB-17200
First Measurement of the Ti(e.¢')X Cross Section at Jefferson Lab

i 10 ) 5
Measurement of the Spectral Function of *Ar through H. Dai,! M. Murphy,! V. Pandey,!"* D. Abrams.? D. Nguyen B, Aljawrneh,? S. Alsalmi,% A. M. Ankowski,!5 1
, . J. Bane® $. Barcus” O. Benhar * J. Bericic, D. Biswas,” A, Camsonne,? J. Castellanos, ! J.-P. Chen,”
the (e, e'p) reaction M. E. Christy,"® K. Crayeraft, R. Cruz-Torres,? D. Day,? $.-C. Dusa,? E. Fuchey,1® T. Gautam,1° C. Giusti,"!

1. Gomez” C. Gu? T. Hague, 1.-O. Hansen,” F. Hauenstein,'> D. W. Higinbotham.? C. Hyde,'s
C. M. Jen,! C. Keppel? S. Li'% R. Lindgren,'” H. Lin,"® C. Mariani,! R. E. McClellan.” D. Meckin
R. Michaels.” M. Mihovilovie,"? M. Nyez,* L. Ou,2 B. Pandey,? K. Park,? G. Perera,'” A.JR. Puckett,'?

Jefferson Lab Program Advisory Committee PAC 42 8. Sirca,2%1% L. Tang,' Y. Tian2! N. Ton.!” B. Wojtsekhowski.” 8. Wood.” Z. Ye,?? and J. Zhang'
(The Jefferson Lab Hall A Collaboration)
! Center for Neutrino Physics, Virginia Tech, Blacksburg, Virginia 24061, b$4
* Department of Physics, University of Virginia, Charlottesuille, VA
*North Carolina Aqmtdmml and Technical State University, Greensboro, North (‘um!ﬂm 2/401 UsA
“Kent State University, Kent, Ohio, 44242, USA
*SLAC National Accelerator Laborulory, Stanford University, Menlo Park c,\ 94095, USA
The University of Tennessee, Knowville, Tennessee 37996,
ke Coltge of Wil v 1ot Wby Vs, 53187 US:
SINFN and Dipartimento di Fisica, Sapienza Universita di Roma, [-00185 Roma, Italy
9 Thomas Jefferson National Accelerator Facility, wport News, Virginia 23606, USA

Proposal to the

July 2014

0. Benhar (co-spokesperson) and G.M. Urciuoli

N and Department of Physics, “Sapienza” Universita di Roma, [-00185 Roma, Italy

Mt ’ ’ ] . Hamptan University, Hampton, Virginia, 23669, USA
C. Mariani ) G Jen ) J. M. Link, and M. L. Pitt " Florida International ’menrh/ Miami, FL, 33181, USA
Center for Neutrino Physics, Virginia Tech, Blacksbury, VA, 24061, USA 1% Massachysets nsitute of Techmology, Cambridge, Mossachuscits, 02139, USA

University of Connecticut, Storrs, Connecticut 06269, USA
”Dvmmxmm/u di Pisica, Uniersita degli Studi di Pavia and
INEN, Sezione di Pavia, 127100 Pavia, ltaly
*50ld_ Dominion University, Norjolk, VA 23529, USA
@ Unjversity of New Hampshire, Durham, New Hampshire, 0352, USA
iy o Vigini, Charioienle, Vieino, £4905, USA
 Cotumbia Univrsty, New York, New Tork UsA
i St Tttt Ldana. 1000, Sivenia
 University of Ljubljana, Ljubljana, 1000, Slovenia
# Shandong University, Shandong, 250000, Ch
#Physics Division, Argone National Latoraiors, Amgonne, Hlinois 60435, USA

D. B. Day (co-spokesperson), D. G. Crabb, D. Keller, O. A. Rondon, and J. Zhang
Department of Physics, University of Virginia, Charlottesville, VA, 22904, USA

D. Higinbotham (co-spokesperson), C. E. Keppel, L. Myers, and B. Sawatzky

Thomas Jefferson National Accelerator Facility, Newport News, VA, 23606, USA

To probe CP violation in the leptonic sector using GeV energy neutrino beams on argon targets,
precise models of the complex underlying neutrino and antineutrino-argon interactions are needed.
The E12-14-012 experiment at Jefferson Lab Hall A was designed to study electron scattering on
both argon (N = 22) and ttanium (2 = 22) nucli using GeV enorgy olctron beams. Here wo
report the first d st cross section
at beam energy 3GV i lectron scattering angle § = 15.541 deg, measured over a broad
range of energy ot spming the Kinmnsen e which quasilastc scattering and delta
production are the dominant re ns. I ew information
heeded to dovelop acearate theoretical modd o the clectromagnetic and weak o soctions of
these complex nuclei in the kinematic regime of interest to neutrino experiments.

A. Ankowski and M. Sakuda

Department of Physics, Okayama University, Okayama 700-8530, Japan

C. Giusti and A. Meucci

action mechani

Department of Physics and INFN, University of Pavia, 1-27100 Pavia, Italy

- McClellan | Counting Electrons
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Disclaimers

This talk:

Inclusive, unpolarized DIS with electrons in Hall A
Some tritium target specific details
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Deep-Inelastic Scattering Cross Sections

do__4a’E” (0N[R2 2R (0
dQder ~ @+ > \2) |V T m 2

do
dQQdE’

v=E—F

Probability of 8, E’ given E

6
2 ! a2
=4EE"sin” - 1

@ "2 F = 5 g e?qi(x) (bjorken limit)

Fy = x Z e2qgi(x) (bjorken limit)
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Deep-Inelastic Scattering Cross Sections

Counting Measurement Interpretation
(Statistics) (Systematics) (Physics)

do —40[2E’2cos2 Q é—1-27F1tan2 Q
dQdE’ Q4 2 v M 2

do

v=E—F -
dQQdE’

Probability of 6, E' given E

6
Q? = 4EE'sin® - 1 2 : -
2 F = > E erqgi(x) (bjorken limit)

F=x Z e?qi(x) (bjorken limit)
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Deep-Inelastic Scattering Cross Sections

Counting Measurement Interpretation
(Statistics) (Systematics) (Physics)
do  40?E"? w2 ([P N 2F 2 (0

dQdE' ~  Q* 2) v T m 2
Count Electrons Measure: Publish

Ostat & VIN Epeam

(PID, target thickness, beam E’  (momentum) 0] %%+
charge, ...) Wm
9 0.4 {J

02— 4 Riordan et al, 18°-34°
» Poucher et al, 6°10°
= Bodek et al, 16°-34°
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I
Electron Scattering Experiments Hall A

<«—— 174 ft Inside Diameter
Detector in

Service
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. I |
\
10 ft Beam Line Heigi (Utility Platform Not Shown)
(HRS Shown in 0° Azimuthal Position)
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Electron Scattering Experiments in Hall A
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I
Counting Statistics

Consider the time interval between successive events

Continuous (Radioactivity) Discrete (Dice Rolling)

ial Distributions Geometric Distributions

Average Interval = %
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I
Counting Statistics

Consider the time interval between successive events

Continuous (Radioactivity with replacement) Discrete (Dice Rolling)

ial Distributions Geometric Distributions

P(At) = Ae *At

Average Interval = % Average Interval = %
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Counting Statistics: Dice-Rolling Demo!

N =30

Roll a 1 on one die (p = %) Roll ‘snake-eyes' (p = %)
Geometric Distributions

Geometric Distributions 4
B p=0.16666666666666666| W p=0.027777777777777776

P(k) = (1-p)*p P(k) = (1-p)*p

Average Interval = 36

Average Interval = 6
June 13, 2018 9 / 50
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Scattered Electron Counting is Stochastic!

V1495ClockCount (Run 1722)
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Scattered Electron Counting is Stochastic!

V1495ClockCount (Run 1722) Event Interval Fit Residuals
= 3
Enries 50000 Entries 6642 E| Entres 50
2000 Mean 1153408 Mean 3012 2 Mean  2.404e+04
v o+ o ev. o
1800 std Dev 7.203e+07 10° Std Dev_2054 L3NS Std Dev 18950404
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V1495ClockCount Clock Counts since prev event Clock Counts since prev event
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.
Section |: How Do We Count Electrons?

...for each choice of (E, E’,0)...
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Scintillators (Triggering)

DAQ
Electronics

Preshower

vVDC
g

== . %ogel Cherenkov

g )
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Scintillator Calibration

FADC_Ls2_la1 FADC_Ls2_la2 Ls2_lap_1 Ls2 lap_2

Z
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10 o' ' 3
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Trigger Setup and Commissioning

Level Amplifier Tevel]
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Trigger Setup and Commissioning

S2 Logic LHRS
e 10 ns delay (09/26/17)

52_R gets here
delayed by 25 ns
with respect to $2_L

~
l 1ns
1ns (s011s2)
FIFO
G
20ns | 05ns ns
- 10 —> SO 1ns
n (50852)
1ns 3

S2
ins
> GCI (s0] [s2)8GC

ol (S0852)&GC

GC 1ns e 3ns Delay | 8ns
disc coinc 20ns
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Cherenkovs (Particle Identification)

o 8 }
g Elecﬁ)ns/ } ; DAQ . Preshower
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Cherenkov Calibration

32 &
®

I
/5600 5300 6000 6200 6400 6600 6200 6400 6600 6300 7000 7200
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Calorimeters (Particle Identification)

Preshower

e
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Calorimeter Calibration
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Wire Chambers (Track Reconstruction)

particle trajectory
DAQ / Preshower

cathode Electronics
(HV) plane

- wire plane

D=13mm c \ . Gas Ch N
VD 2 , as Cherenkov
P NP /
\ LIl ] Aerogel Cherenkov
cathode A i
-_— (HV) plane
4.24mm
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e
Pair-Produced Background (Check the positrons!)

§0.45illlll||||||||||||||||||||||||||||||||||||||: e+
s %% S KNI T E %J:Aﬂf_/
2 - *He E o OUTGOING
5 %% FKN2 - D, E INGOMNG _
0.25F- = ——_________LE
02 $KIN3 E ¥
0.15F =
o + KIN5 E i
E 7 ]
. — . 9 -
0.05¢ .11 1315 167
o-Tlllllllllllll||||||||||||||q|||'|||’||||’|||_

16 18 20 22 24 26 28 30 32 34 36
HRS anale (dea)
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Online Monitoring

Physics
Lam Q2, 4-momentum transfer L-arm Bjorken x Preshower ADC:ped. alligned (0-17)
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The Importance of Version Control in Collaborative Software Development

Git Manual

git - the stupid content tracker

SYNOPSIS
git [--version] [--help] [-C <path>] [-c <name>=<value>]

[--exec-path[=<path>]] [--html-path] [--man-path] [--info-path]
[-p|--paginate]|--no-pager] [--no-replace-objects] [--bare]
[--git-dir=<path>] [--work-tree=<path>] [--namespace=<names>]
<command> [<args>]

DESCRIPTION
Git is a fast, scalable, distributed revision control system with an unusually rich command set

@ Ar(e,e'p) inherited replay scripts from GMp.
o Little preparation time, last-minute development

@ Many developers (tritium students), collisions and overwriting!
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I
Hall A Online Tritium Repository!

. L JeffersonLab / HallA-Online-Tritium @Unwatch~ 9 JStar 0 YFork 13
@ Track all online replay source
<> Code Issues 7 Pull requests 0 Projects 0 Wiki Insights. Setiings
code
) Hall A Online Scripts for Tritium Experiment Edt
» Replay scripts rsopis
> 111 _ i 1 1 @ 697 commits 1 branch © 0 releases 2216 contributors
Tritium-specific libraries )
» DB files sranch mastar - || Nowpulroquest crostoneutie | uposaes  rmane | [EEETTT
» many other online /offline S —————— Lo e serreng s s
. i doc Com ujie's shift checklist upd: 11 days ago
scripts sy
i scaler a montf
[® .gitignore 16
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T
Optimal Workflow

GitHub
Alice's Official Bob's
Remote Fork Remote Remote Fork

I:I Pull Request I:I Pull Request I:I

[ ] [ ] [ ]

Alice's Official Bob's
Local Clone Local Local Clone
.../tritium_work/alice/ ... Jtritium/ .../tritium_work/bob/

Hall A Machines
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Success!

December 25, 2017 — January 25, 2018 Period: 1 monih +
Overview
40 Active Pull Requests 10 Active Issues
140 0 ®©5 ©5
Merged Pull Requests Proposed Pull Requests Closed Issues New Issues

Excluding merges, 10 authors have

pushed 80 commits to master and 80 *
commits to all branches. On master, 115 10
files have changed and there have been o
4,752 additions and 4,729 deletions. o =

140 Pull requests merged by 10 people

#207 modity the spots-+ to get rid of cosmic rays 9 hours ago

#206 little modifications 9 hours ago

Counting Electrons in Hall A June 13, 2018
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I
Commit History

60

40

July August September Nowvember December 2018
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I
Github Issue Tracker

£ JeffersonLab / HallA-Online-Tritium

Code

Filters -

0]

@lssues 7 Pull requests 0

isiissue is:open

(@ 70pen + 9 Closed

RHRS detector edges see no hits
#202 opened 2 days ago by vanlellan

RHRAS Shower Calibration
#201 opened 2 days ago by vanlellan

Make Decoder for MLU clock counter
#197 opened 2 days ago by vanlellan

Make SPOT usahla at hinh annlas

@ Unwatch~ | 8 % Star 0 ¥ Fork | 19

Projects 0 Wiki Insights Settings

Labels Milestones

Author = Labels ~ Projects = Milestones -

Counting Electrons in Hall A

Assignee ~  Sort -
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Part Il: From Counting Electrons to Relative Yields

Evan McClellan

June 13, 2018
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I
Why Do We Care About Relative Yields?

Ratio Measurements!

For example:
. doy o Y1 Feommon

T dor Y, 3 He
doz Y2 Feommon MARATHON: 27
2
Fecommon typically includes: 3H(e, e'p)
Spectrometer Acceptance
Detector efficiencies Asymmetry measurements...

°
°
@ Reconstruction efficiencies
@ Absolute Beam Charge

°

Absolute Target Thickness
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Relative Efficiencies
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Relative Acceptances

(o)

L3

(0) i

i

Part II: From Counting Electrons to Relative Yields
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Spectrometer Angle

BPM

MOLLER
POLARIMETER
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Spectrometer Momentum

" . f(«——————— 174 ft Inside Diameter
= 12 § Detector in
§ 8000 Clee) ge. Service Shield Hut
——— | Position leld Hu
o E, =845 MeV / j—\
6.=16 de
oy | 01600 /t
55 ft
-[Crane Height
4000 =l
¢ Targeh‘r
< _ -4
000 dp/p=2.5 10 N I:M
| —
2000 10 ft Beam Line Heig&l (Utility Platform Not Shown)
(HRS Shown in 0° Azimuthal Position)
1000 High Resolution Spectrometer
0
-0.015 -0.01 -0.005 0 0.005

Ap/p
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I
Beam Energy

Field Measuring
device SUPCTHE‘TPS

_

To Hall A

Control
Electronics

_JB-d
P 8

@ (+ sync rad correction)
@ Dispersive Optics

@ No quad-steering!

SuperHarps
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Energy Loss

Credit: Rey Torres

Energy Loss (Top View)

* Places where Eloss is taken
into account 81.60cm 7

Scattering
chamber

&’

vacuum

Gas Cell [N
0.305 mm
(Kapton)
—> — i
0.2003 mm vacuum 0.406 mm
Be window (Al)
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I
Target ‘Length’ and Fill Density

LHRS 17 deg, p0=2 GeV @ Gas densities are not identical

run 891, empty@22.5 uA, normed yield=4.26e-02

run 897, TH@10.0 uA, normed yield=1.49¢+00 o Cou nt Scales Wlth gas density

Tun 909, H@10.0 UA, normed yield=1.25¢+00

10°

run 914, X 16400

@ Need independent measure

1un 920, 2H@10.0 UA, normed yield=2.42¢+00

good events counts

.
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
y_tar(m)
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Target Window Subtraction

I=5pA I=5pA
“’s: — f;npty Cell "’E — :;gpty Cell
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E A .
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wh f : !/ | A
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Target Density Current Dependence (‘boiling’)

TTT

¥2/ ndf

o1.08
@

o
>

po

1.303/4
0.9983 £ 0.004151

End-c

TTT

3
R

1.02

TTT

o
©
®

o
©
>

o
©
=

TTT

Charge Normalaized Yield (H
TTT

o
©
N

o
©

0

@ Liquid targets boil along the beam
@ Local density changes for gas too

@ Varies with beam current
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Target Density Current Dependence (‘boiling’)

Normalized Yield

Tritium Target

- - Quadratic Fit
105 |Best Fit : 1% band
A'=0.00021+/-0.00007 '$++4+ Spring Data
= -0.00893+/- 0.00191
C = 1.00000+/- 0.01267 1§11+ Sheren December Data
x*/ndf = 1.125 +$++$ Nathaly December data
100 |
0.95
090}
0.85 i | . H

10 15 20
Current (pA)

Normalized Yield

Helium Target

Best Fit

A= 0.00006+/-0.00005
B = -0.00392+/- 0.00153
C = 1.00000+/- 0.00983
x*/ndf = 0.607

- Quadratic Fit
1% band
+$+$+ Spring Data
+@:+$+ Sheren December Data
+$:+$+ Nathaly December Yield
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Target Gas Contamination

Boiling
MARATHON
77 (e,e'p)/SRC

sy (g/cm?)
o o
o ©
PN
A o

o
o
N
w
|

0.072 1

0.071 4

0.070 1

0 50 100 150 200 250 300 350
Days since Oct 23 2017

Part Il: From Counting Electrons to Relative Yields June 13, 2018 42 / 50



Target Gas Contamination

0.08

s

2 0.06 1

g

£

s

S 0.04 -

(9]

I

m

3

I

~ 0.02 1
Boiling
MARATHON

0.00 4 (e,e'p)/SRC

0 50 100 150 200 250 300 350

Days since Oct 23 2017

Part Il: From Counting Electrons to Relative Yields June 13, 2018 43 / 50




I
Relative Integrated Beam Charge
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Part I1l: Onward to Absolute Cross Sections!

Absolute Efficiencies Absolute Acceptances Absolute Beam/Target
@ Detectors @ d0 shape @ Beam Charge
o Trigger Logic @ dp shape @ Target Density (‘boiling’)
@ Tracking Algorithm @ Trade stats for @ Target Windows
systematics? o Target purity
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I
Part IV: Preliminary Look at Spring 2018 Tritium Data

MeAsurement of the F3'/FY, d/u RAtios and A=3 EMC Effect in Deep

Inelastic Electron Scattering Off the Tritium and Helium MirrOr Nuclei. Proton and Neutron Momentum Distributions in 4 = 3
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e
MARATHON (proposal)
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No data plots released vyet...

d/u at high-x

Refines valence quark description of the

proton!

Data is on tape

Analysis is ongoing
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I
That's All, Folks

Thanks!
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