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Overview

_ , Jefferson Lab (Newport News, VA)
* Motivation e- accelerator

* Experiment
— Jefferson Lab and Hall C

— Commissioning the Super High Momentum
Spectrometer (SHMS)

— Performance
— Current status

e Summary
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Color Transparency (CT)

« CT: The disappearance of the final/initial state '
interaction of hadrons with the nuclear medium for
exclusive processes at high momentum transfer e

* Not predicted by strongly interacting hadronic picture ~o
— arises in picture of quark-gluon interactions P S .
* QCD: color field of singlet objects vanishes as size \\. P

Is reduced

S

Signature for the onset of CT involves rise in nuclear transparency, T,, as a function of
the momentum transfer, Q2 10 Complete transparency
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T = 04  (nuclear cross section) Ta (:\O(\
A

A ON (free nucleon
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Previous Measurements

CT experiments

Baryon
A(p,2p): BNL
A(e,e’p): SLAC, JLab

\ -

Meson

A(z,di-jet): FNAL
A(y, r p): Jlab

A(e, e'm*): JLab
A(e, e’pP®): DESY & JLab
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A. Leksanov et al. PRL 87 (2001)
J. L. S. Aclander et al., PRC 70 (2004)

Found enhancement in
transparency
->Inconsistent with CT only

N. C. R. Makins et al. PRL 72, 1986 (1994)
G. Garino et al. PRC 45, 780 (1992)

D. Abbott et al. PRL 80, 5072 (1998) 4

K. Garrow et al. PRC 66, 044613 (2002)

* CT well established at high energies (essential for DIS)
Onset of CT has been measured in mesons but not in baryons
Onset is signature for QCD degrees of freedom in nuclei

Measuring the onset in 12 GeV era:
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Experiment overview: First experiment to run in Hall C in the 12 GeV era!

e Coincidence trigger: SHMS measures protons, HMS measures electrons
* Targets: 10 cm LH, (Hee’p check), 6% *2C (production), Al dummy (background)

Q2 SHMS SHMS central | HMS angle | HMS central
[GeV?] | angle [deg] P [GeV/c] [deg] P [GeV/c]
\\
6.5 th 8.0 17.1 5.122 45.1 2.131
pbea
9.5 21.6 5.925 23.2 5.539
GeV
’XO'G ~ 11.5 17.8 7.001 28.5 4.478
pe’™
14.3 12.8 8.505 39.3 2.982

CIPANP 2018, Palm Springs

Transparency T

Transparency in A(p,2p) at BNL

0.6;. E-Ga\V kinematics s New Result
-~ @& E'206107

5 < (this experiment) = 1998 Result

* —t o o 1988 Result

0.4
0.3

F — ot
02r iﬁf"' - - | ™

- 1
.-_“‘—-

L s B —

I

1 - 1 1 P T T -
] B 1C 12 14 18
Pp(GeVic)

Jefferson Lab



Experiment overview: First experiment to run in Hall C in the 12 GeV era!

e Coincidence trigger: SHMS measures protons, HMS measures electrons
* Targets: 10 cm LH, (Hee’p check), 6% 12C (production), Al dummy (background)

Gas Cerenkov

Calorimeter

Hall C (viewed from above) U

To Beam

HMS Characteristics:

* <0.1% dP/P resolution
* >6 mSr Acceptance
0.5to 7.5 GeV/c

12.5 deg to 90 deg
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SHMS Overview

General Characteristics: Super High Momentum Spectrometer (SHMS)

* 5x10%dP/P resolution ‘~ -

* 4 mSr Acceptance

e 1to11 GeV/c

e 5.5degto40deg

* 18.4 degree vertical bend (dipole)

e /T T

N % /\

Components:

* Horizontal Bender (HB, dipole)
steers the beam 3 degrees
horizontally into SHMS beamline.

* 01,02, and O3 (quadrupoles) focus
the beam horizontally and vertically.

* Spectrometer (dipole) separates the §
beam vertically by momentum.

| detectors g
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i - Selected events from
Tuning the SHMS ool W{
- single sieve hole Carbon e
Spectrometer coordinate system: 2°°°; elastic
y Z (central ray) 1500 events
beam left i [
( ) SHMS at 7.5 degrees 1000 F J
X (toward floor) - Tl
0.06 central momentum 2.2 GeV: sool v
§ 0.04F w5 il 2 RN - e R R S R S
3 - - = .- delta [%]
T 0.02 it L SElect- :
Goal: Adjust strengths of N e :;ﬁf_’?lf?ft_ o,c5elected events from
quads to find best focus N 2 events " single sieve hole Carbon
s fiam-each | 2soof ,
- ; - elastic
Events: Select carbon ground  -0.027% 2000 6Verits
and excited states for cleanest . 15000
L —0.04 1 -
focal plane distributions o0l
: e
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Tuning the SHMS

Shown here is just Y’ VS y (focal plane) for runs taken with SHMS at 10 deg:
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Tuning the SHMS

Scaling key:
Q1,Q2,Q3,HB
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Shown here is just Y’ VS X (focal plane) for runs taken with SHMS at 10 deg:
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Carbon elastics N ....................... ...................... ...................... ....... EIaSt|C ............ ......................

SHMS at 7.5 degrees, central momentum 2.214 GeV

0.0 -E = u iy - = . - 160
o .Y T .
- "~ :

target

Select events
from this
sieve hole

-0.02

° 3"Efcm]

Xfocal plane
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M o= e mg,

_09803 i il eI ST N T R VR N S S Mt A NN S N N . 300 —rf e .................... Sp/p reSOIutlon_ ............

-0.02 -0.01 0 0.01 0.02 0.03

y’target 250 —f .................... ...............
From the focal plane and target quantities, we know delta : : = : :

according to the first order optics matrix elements:

200 A— SRR RN — T— AR —

1soF— ) ] e HUN . — — T

xfp(mm) = —1.38x*xtar(mm) — 0.004 x zptar(mr) + 16.5 * delta
zpfp(mr) = —.0602 * xtar(mm) — .72 x xptar(mr) + 3.2 * delta 100

yfp(mm) = —1.6x*ytar(mm) — 0.03 x yptar(mr) — 1.5 x delta 50—
ypfp(mr) = —.268 x ytar(mm) — 0.61 x yptar(mr) + 0.074 x delta 0

-5 0 5 10 15 20 25 30 35 40
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Coincidence timing: relative time difference between e- and p at the target

General coincidence time: tcoin
: . Ltar _ cptrigger o corr .
The time of each particle: £ = (te,p A &, )
o L
C B .
oo-Special run to
- Observe
. . . 250— i e-
Coincidence time - accidentals /P
spectra: 200]-
1501~
100~
- e-,pion
50_—
OM | w
-20 -15 -10 -5 0 5 10 15 20
Coincidence Time [ns]
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— tgar — tzgar Each particle time corrected for:

Particle traveling along central ray to focal plane
Path length variations
Difference in time between hodoscope start and focal

plane time
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Hydrogen HMS data: Q2 = 8 GeV?
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Hydrogen SHMS data: Q2 = 8 GeV?

SHMS DELTA (%)
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Hydrogen: W [GeV]

 Hydrogen data used to
fine tune the optics
settings

e HMS is well-understood

even when pushed to
higher central momenta

CIPANP 2018, Palm Springs
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Hydrogen radiative tails

Radiative effects in
agreement with PWIA
model in MC (SIMC)

SHMS optics effects still

being improved at higher
momentum

CIPANP 2018, Palm Springs
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Carbon HMS data: Q2 = 8 GeV?
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Carbon SHMS data: Q2 = 8 GeV?

SHMS DELTA (%)
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Carbon radiative tails

1.5% *°C target, Q2 = 9.5 GeV?

6% 12C target, Q2 = 8 GeV?
L L

E | LR =TT | | | T | B
4L -1k _
107 F MC with F 2 MCwith ]
102E }\ data | giative effect 102 S ata 4 diative effects-_
3 : ;N '
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0.5 0.1 -0.05 0 005 01 015 02 025 "™ 015 —01 -005 0 005 01 015 02 025
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* Radiative effects agree with simulation in the tails.
* Still optimizing optics in the peak
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Efficiencies

* Efficiencies vary by rates, configuration
* |nitial data comparisons show good quality, consistency
e Full understanding of efficiencies critical to the extraction of the normalized cross section

CIPANP 2018, Palm Springs

Proton track (SHMS)
Electron track (HMS)
HMS Trigger (3/4)
SHMS Trigger (3/4)
HMS Cerenkov
SHMS Cerenkov
HMS calorimeter

Proton absorption

21

>90%
>90%
>99%
>99%
Approx 95%
Approx 95%
Approx 95%
Approx 92%
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Energy; Christopher Newport University; Complutense University of Madrid; Deutsche Forschungsgemeinschaft
(DFG); Deutsches Elektronen-Synchrotron; Duke University; Duquesne University; Faculté des sciences de Monastir;
Florida International University; Forschungszentrum Juelich Institut fuer Kernphysik; Ghent State University; Hampton
University; Harvard University; Huangshan University; Idaho State University; Indiana University; Institut de Physique
Nucléaire, Orsay; Institut des Sciences Nucleaires; Institute of Modern Physics; Instituto de Fisica Tedrica (UNESP);
Istituto Nazionale di Fisica Nucleare (INFN) — Gruppo Collegato Sanita, Sezione di Baril, Sezione di Catania, Sezione
di Pavia, Sezione di Perugia, Sezione di Roma, Sezione Roma Tor Vergata; James Madison University; Jazan
University; Johannes Gutenberg University; Joint Institute for Nuclear Research; Jozef Stefan Institute; Kharkov
Institute of Physics and Technology National Science Center; Kent State University; Kyungpook National University;
Lanzhou University; Longwood College; Los Alamos National Laboratory; Louisiana Tech University; Massachusetts
Institute of Technology; Mississippi State University; MIT Bates Linear Accelerator; Mount Allison University; National
Science Foundation; Negev Nuclear Research Center; Norfolk State University; North Carolina A&T State University;
North Carolina Central University; Northern Michigan University; Northwestern University; Oak Ridge National
Laboratory; Ohio State University; Ohio University; Old Dominion University; Pacific Northwest National Laboratory;
Pennsylvania State University; Rutgers University; Saint Mary's University; Seoul National University; Southern
University at New Orleans; St. Petersburg Nuclear Physics Institute; Stony Brook, State University of New York;
Syracuse University; Temple University; The Catholic University of America; The George Washington University; The
University of Winnipeg; TRIUMF; Universidad Técnica Federico Santa Maria; Universita degli studi di Catania;
Universita degli studi di Pavia; Universitaet Bonn; Université Blaise Pascal; University of Basel; University of Colorado;
University of Connecticut; University of Ghent; University of Glasgow; University of Kentucky; University of Ljubljana;
University of Manitoba; University of Maryland; University of New Hampshire; University of Northern British Columbia;
University of Pisa; University of Regina; University of Richmond; University of Rochester; University of Science and
Technology of China; University of South Carolina; University of Tel Aviv; University of Tennessee; University of
Tubingen; University of Virginia; University of Washington; University of Zagreb; Virginia Union University; and William
& Mary

21 Countries
Armenia, Belgium, Brazil, Canada, Chile, China, Croatia, France, Germany, Israel, Italy, Russia, Saudi Arabia, Slovenia,
South Korea, Spain, Switzerland, Turkey, Ukraine, United Kingdom, and United States
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Summary

* Measuring the onset of CT is a signature for the onset of QCD degrees of
freedom in nuclei

« Experiment took 4 data points in Q? regime 8-14.3 GeV?, ideal region to
measure the onset of CT

* First experiment to run in the 12 GeV era in Hall C and to take data using the
SHMS

« Analysis to extract the transparency is ongoing — full results expected by the
end of the year!
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Optimization

Scattered * Begin with focal plane quantities from drift chambers: x¢,, y¢,, X', ¥,
particle

e Ultimately want to reconstruct events at the interaction point

Target foil

. : , ) ) ,
* Optimize reconstruction matrix elements X'y, oets Yiargetr AN Y arger 1O describe

the interaction point.
Z Vertex P

* General procedure:
1. Initial reconstruction of events using generated maps from expected.
2. Determine the true physical values using the position of events passing
through the sieve.
Beam 3. Minimize the difference between reconstructed and true, find better matrix
elements. E L

ysieve

8
6
4
2
0

15 deg, central C foil,

10 -2

post-optimization:

15 deg, central C foil,
pre-optimization: °
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Optimization
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