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INTRODUCTION

Color transparency (CT) is a a unique prediction of Quantum Chromo Dynamics (QCD)
where the final (and/or initial) state interactions of hadrons with the nuclear medium are
suppressed for exclusive processes at high momentum transfers (Q?).

A clear signal for the onset of CT for baryons would show the transition from the
nucleon-meson picture to quark-gluon degrees of freedom — Onset is signature for QCD
degrees of freedom in nuclei.
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COLOR TRANSPARENCY (CT)

* Introduced by Mueller and Brodsky, 1982.

— arises in picture of quark-gluon interactions only. e

* Scattering takes place via selection of point-like
configurations (PLC) with small transverse size — S0
squeezing (QM). P~ P

* PLC’s compact size is maintained while traversing
through the nuclear medium — freezing (relativity).

* Color field of singlet objects vanishes as size is
reduced. PLC is color-neutral, passing through the A(e, e’p)
nuclear medium undisturbed (nature of the Strong
force as described by QCD).
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CT ONSET

Signature for the onset of CT
involves a rise in nuclear
transparency (T,), as a function of

the momentum transfer (Q?).

TA —

A an (free nucleon cross section)

07 (nuclear cross section)

0,/A = bound nucleon cross section
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Clear signature of CT
would be dramatic rise
in T around Q%

QCD prediction

Traditional nuclear
physics prediction

OR
Conventional
calculations predict
constant T with
increasing Q? (Energy
independent).
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CT PAST EXPERIMENTS
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'CT RESULTS UNTIL NOW

Hall C E01-107 pion electroproduction

Transparency
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CT RESULTS UNTIL NOW

PROTONS Plateau consistent with

conventional calculations ...
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CT EXPERIMENT: E12-06-107

First experiment to run in Hall C in the 12 GeV era to take data using
the new magnetic spectrometer SHMS (Super High Momentum
Spectrometer) along with HMS (High Momentum Spectrometer)!

The experiment E12-06-107, to search for color transparency (CT) in
protons, ran in Hall C at JLab in Spring 2018.

Q2 SHMS SHMS central | HMS angle | HMS central
[GeV?] | angle [deg] P [GeV/c] [deg] P [GeV/c]
~20 days of data taking
' N
with E, ..., of 6.4 GeV 6.4 GE 8.0 17.1 5193 45.1 2:131
and 10.6 GeV and up to peam
60 uA of beam current. r
.5 2156 5500 230 5.539
Data collected over a wide 663\1
range of 4 Q?  points A0. & 11.5 17.8 7.001 28.5 4.478
covering the region where a pe?d
previous A(p,2p) experiment
at BNL had observed an
enhancement. 14.3 12.8 8.505 39.3 2.982
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Detectors

» Coincidence trigger:
SHMS measures protons,
HMS measures electrons

SHMS Characteristics:
| » 5 x 10 dP/P resolution
* 4 mSr Acceptance
« P,=1to 11 GeV/c

* ~ Scattering Angle = 5.5

- Targets: 10 cm LH,
(Elementary process, Hee'p
check), 6% 2C (production}, Al

dummy (background) |
. y( ground) __tw'.i’wm- deg to 40 deg
raas S s 18.4 degree vertical
To Beam cryomoduies LA S bend (dipole)
Dump ; '
20 :".-ﬁ;-'rn:u:huIlauc'.-M..L . Glr::;!e Fﬁ:

—
Ik"I-'l'l cryomodules

Add arc { : .

{-UHHE"‘_‘—'_ jF Auld 5

S %J‘ - Crpnmodubes

= E'} HMS Characteristics:

*+ =0.1% dP/P resolution

= =6 mSr Acceptance

- P,=05to7.5GeV/c

= Scattering angle = 12.5
deg to 90 deg

Enhanced capabalites

in existing Halls ‘:“Jllr

Well shielded detector huts
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DETECTOR HUT
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E12-06-107 DETECTORS

SHMS / HMS

Reserved for
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Cerenkovs

Drift Chambers (DC)
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SIMC AND DATA

SPECTROMETER QUANTITIES

Hydrogen: Q% = 8 GeV?
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SIMC AND DATA

PHYSICS QUANTITIES

Invariant mass W (GeV)

Missing Energy Em (GeV)

Plots from Holly S. Vance

Invariant Mass W (GeV)

Missing Energy Em (GeV)
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SIMC AND DATA e T

siradiative effects?

Hydrogen radiative tails: Emiss spectra 102;—

—_—_
. *.*

Radiative effects in agreement with PWIA model in MC (SIMC)
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SIMC AND DATA - 15

Carbon radiative tails: Emiss spectra

6% 2C target, Q2 = 8 GeV? 1.5% 2C target, Q2 = 9.5 GeV?
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Radiative effects agree with simulation in the tails
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CALIBRATION PLOTS - 18

DRIFT CHAMBER CALIBRATION
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'CALIBRATION PLOTS -

CALORIMETER CALIBRATION

Edep/P calibrated e hEcal e AP versus Edep/P hDPvsEcal
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‘CALIBRATION PLOTS - 18

HODOSCOPE CALIBRATION
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COINCIDENCE TIME - 19

relative time difference between e- and p at the target

General coincidence time: Looin=ta" —tn" 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

: . trigger
The time of each particle: t5% = (top, " — AtEY”

Coincidence time spectra:

Soor- \ 600 | — . W
- Special run to - Typical spectra c =0.38 ns
250 observe 500~ InCTrun -
200 accidentals 400 |— ve.ry low
- — accidentals! €-,p
150(— 300 |—
100 200 —
! w =1 j
0: 1 11 1 P I 1| N 180 1 9_5l : J_'iol ‘ L_‘__LL'-_;L el (I)L\‘MML i 10 = l1'5
—20 -15 —-10 -5 0 5 10 15 20

Coincidence Time [ns] Coincidence time [ns]
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"DETECTOR EFFICIENCIES
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YIELD - PRELIMINARY 2

Hydrogen Carbon

o
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TRANSPARENCY - PRELIMINARY
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Plots from Holly S. Vance
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CT1
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CT3

Glauber

2

Jefferson Lab




STATUS OF THE WORK .

Done with calibration of the detectors.
Improved HMS and SHMS efficiencies calculation.
We have improved HMS and SHMS optics now.

Analysis to understand systematics is ongoing — full
results expected by the end of the year!
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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/c)?, region overlaps
with Brookhaven data.

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

Preliminary results do not show the onset of Color transparency in protons.
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