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Overview

* Motivation

« Experiment
— First commissioning experiment in Hall C!
— Performance
— Current status

« Summary and Outlook A
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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 o'
* QCD: color field of singlet objects vanishes as size \.

IS reduced

S

Signature for the onset of CT involves rise in nuclear transparency, T,, as a function of
the momentum transfer, Q2 10b--cemn-- Complete_transparency_ _ _ _

X
€
T = 04  (nuclear cross section) Ta (:\O(\
A

A ON (free nucleon
cross section)

QOZ QZ_;
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Previous Measurements: Mesons

 CT well established at CT experiments
high energies (essential / \

for DIS) ,
« Onset is signature for Baryon Meson

QCD degrees of freedom m Q‘
* Onset of CT has been A(e,e’p): SLAC, Ji.ab ly, p): JLa

. Ale, e'm*): JLab
observed in mesons but Ale, e’p?): DESY & JLab

not in baryons " =
B S%Fe
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1.0 [ H; L * [} O 7 > i‘;#
=
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& 0.55] FMS Model — GKM Model
&6 0.4 &= -= FMS Model (CT) --- GKM Model (CT)
o 5
. E“-s -“cu 04| Au E h
Hall C E01-107 pion » i} T 0.5 CLAS E02-110 rho
electroproduction e Y e electroproduction
B.Clasie et al. PRL 99:242502 (2007) | — | .| L. EI Fassi et a. PLB 712,326 (2012)
X. Qian et al. PRC81:055209 (2010) 03 | . 0508 12 hp > 24
2 4 Q? (GeV/c)? Qz (GeVz)
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Previous Measurements: Baryons

CT experiments

/ \
Baryon Meson
0, O®
A(p,2p): BNL A(1T,di-jet): FNAL

) A(y, r p): Jlab
A : SLAC, JL
(€,€'p): SLAC, JLab Ale, e’mr*): JLab

A(e, e’pY): DESY & JLab

Solid Pts - JLab  Open Pts -- other

%

4 No evidence for CT
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SN
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L I . Measuring the onset in 12 GeV era:
S 02Ff -
z i %(%- ] — P, (GeVic)
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A. Leksanov et al. PRL 87 (2001) 1y 0.8
J. L. S. Aclander et al., PRC 70 (2004) c 07
Found enhancement in £ 06
transparency @ o5
. . c Y
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. . -
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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
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Transparency in A(p,2p) at BNL
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SHMS Characteristics:

e 5x10*dP/P resolution

* 4 mSr Acceptance

e 1to11 GeV/c

e 5.5degto40deg

* 18.4 degree vertical bend
(dipole)

* Coincidence trigger

* Targets: 10 cm LH, (Hee’p check),
6% 12C (production), Al dummy
(background)

Gas Cerenkov
Calorimeter
N T

-
82X S2Y &;&\\\\:
A

----gm‘ )3

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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: - Selected events from
Tuning the SHMS ool W{
- single sieve hole Carbon L
Spectrometer coordinate system: 2°°°; elastic
v Z (central ray) 1500 events
beam left - I
( ) X (toward floor) SHMS at 7.5 degrees 10001 o1 J
0.06 central momentum 2.2 GeV: soof v
§ 0.04F w5 il 2 RN - e R R S R S
3 - - - .- delta [%]
Goal: Adjust strengths of 002 il R i Setect: FSelected events from
. LT " : . I P 3000 : .
quads to find best focus N i events. - single sieve hole Carbon
s fiam-each | 2soof : .
' 3 - elastic
Events: Select carbon ground  -0.027% 20001 6Verits
and excited states for cleanest . 1500
C ~0.04 -
focal plane distributions oooF
: e
_ AR I T A I A L [ L1l Ly b gy E |J.I"'I.r""'|
006" 4 0 1 2 3 4 s 500 - _J__H,.--"'"
delta [%] T
CLS -4 -3 -2 -1 0 1 2 3 4 5
delta [%]
Hall A/C Collaboration Meeting, June 2018 8 Jeffe’-rjson Lab



Carbon elastics

SHMS at 7.5 degrees, central momentum 2.214 GeV

0.06

target

Select events
from this
sieve hole

-0.02

" H " . } -- - l - -
_O 0 o m ! | : | o | i 4 | | | - | I | | | 1 =
'—8.03 -0.02 -0.01 0 0.01 0.02 0.03

y’target
From the focal plane and target quantities, we know delta
according to the first order optics matrix elements:
xfp(mm) = —1.38x*xtar(mm) — 0.004 x zptar(mr) + 16.5 * delta
zpfp(mr) = —.0602x ztar(mm) — .72 x zptar(mr) + 3.2 x delta
yfp(mm) = —1.6x*ytar(mm) — 0.03 x yptar(mr) — 1.5 x delta
ypfp(mr) = —.268 x ytar(mm) — 0.61 x yptar(mr) + 0.074  delta
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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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Particle traveling along central ray to focal plane
Path length variations
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plane time
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Hydrogen HMS data: Q2 = 8 GeV?

0.005

=)
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HMS DELTA (%)
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Hydrogen SHMS data: Q2 = 8 GeV?

SHMS DELTA (%)

pDelta
0.08F" ! ! I ! "|Entries 10407
- { Mean 1.49
0.07F llﬂ StdDev 201
. i 1
0.06f- data P - 3
0.05fF- 1 b 3
0.04F 4 ] =
- b :
0.03F- 3 4 e
0.02F . . ' L E
- simulation . + ]
0.01F + . 3
OMIQI
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= L Q‘L ol Entries 10407
0 06 —_ . h. Mean 0.0002045
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0.05F .i" # -
- U .
0.04 H -
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SHMS XPTAR (rad)

pXptar
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Hydrogen: W [GeV]

'L L L L DL B B B L L L B B 1 =
0.25}— — - ]
- Q2: 8 GeV? MC {1 o1 Q2: 9.5 GeV? E
022_ _ 0.14F MC -
’ 0.12F -
* Hydrogen data used to 0151 data 1 °F data E
fine tune the optics - 1 *%F E
. O 1 o006 =
settings - - . ]
0.05F- B 0.04:— —:
C 1 oo2f =
e HMS is well-understood O_ik\, N ST T
0 02 04 06 038 1 1.2 1.4 1.6 1.8 2
even When pushed tO 0 02 04 06 0.8 1 1.2 14 1.6 \}VEEGeV]z W [GeV]
higher central momenta T T T T T T T T T O T T T T T T T T
- Zo 2 B 20 2 ]
012 q o12p MC =
0.1 data 1 oF E
0.08]- q o.08F -
: s data ]
0.06]— — 0.06— -]
0.04F q o004 =
0.02F - 0.02}- —
GO 02 04 06 08 I 1 1.2 1.4 ‘ 1.6 I1-8. 2 GO IO.I2I 0.I4I I IO.I6I I IO.8 1 I 1.|2I 1I4 1.I6I ‘lf8l 2
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Hydrogen radiative tails

"FQu8Gevz & MCwith E
ol - % radiative effects

: : ]
107 i

Radiative effects in 10-f g
agreement with PWIA i i ]
model in MC (SIMC) O = T L R T e
—0. 15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
Missing Energy [GeV]
SHMS optics effects still B SRR R AR AR R
being improved at higher ~ '° Q2: 11.5 GeVZ MC with E
momentum 8 ‘. radiative effects
1072 =
: W ty data
10*3;— Iih
10—4;— !
- 1
107 3 I
3 A i IRIRIIN
015200 0.5 005 0. 0.5 02 025
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107! ;-QZ 9 5 Gevz MC with E
I ,r % radiative effects i
1077 =
107 3 ]
1
1074 HH 4
107 HH II
-.......I....l....I....I....l...I...._
-0.15 -0.1 -0.05 0 005 01 0.5 02 025
Missing Energy [GeV]
_II‘IIII_
107! :{12: 14.3 GeVz.'~ MC with E
I ata W wit .
10 adiative effects=
107
104
107°
1070 b L - 2
-0.15 -0.1 0.05 0.1 0.15 0.2 0.25

Missing Energy [GeV]
2z
Jefferson Lab



Carbon HMS data: Q2 = 8 GeV?

HMS DELTA (%) HMS XPTAR (rad)
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Carbon SHMS data: Q2 = 8 GeV?

SHMS DELTA (%) SHMS XPTAR (rad)
pDelta pXptar
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0.025f- 3 oosE- | data E
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: |' : 0.005 : + iy .‘l.~ E
5 _'. L - ] ] © - E—— | —— | ﬂh.....J MR R
806 0.0 —=0.02 0 002 004 006 0 01 05 0 6
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Carbon radiative tails

6% 12C target, Q2 = 8 GeV? 1.5% *2C target, Q2 = 9.5 GeV?
W' R L B B B L B AL BRI BLEL
5;:“‘ data radigltli(\:n‘eN :etfl;ects data MC with
1072 ? 102 radiative effect
107 _3
totie ! 10
107 s i
i1 10 -
107 .
10—6 ) 10_5 = ’ _gi
1077 | 10°F E
I = e PP BT R B R 10—7_ ...I|....1....1.1.,1....|..;
-0.15 -0.1 -0.05 0 005 0.1 015 02 025 -=0.15 -0.1 -0.05 0 0.05 0.1 0.15 02 0.25
Missing Energy [GeV] Missing Energy [GeV]
* 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

Proton track (SHMS) >90%

Electron track (HMS) >90%

HMS Trigger (3/4) >99%

SHMS Trigger (3/4) >99%

HMS Cerenkov Approx 95%7?7?
SHMS Cerenkov Approx 95%

HMS calorimeter Approx 95%

Proton absorption Approx 92%
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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!

il
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Thank you to the Hall C Collaborators and to the
many, many shift takers!
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