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NON-TRIVIAL STRUCTURE OF THE NUCLEUS

THE EMC EFFECT
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THE EMC EFFECT: DATA STATUS

« SLAC E139:
“Nuclear Dependence of the EMC Effect at Fixed x”
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* Universal x-dependence for all the nuclei measured
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THE EMC EFFECT: JLab E03-103 RESULTS
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Qo : §  E03103 Norm. (1.6%)
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SLAC Norm. (1.2%)

Hall C EO3-103: Precision Results on Light Nuclei
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 Confirms the SLAC results

* Much better precision at high x

* Improved 4He statistics
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THE EMC EFFECT: JLab E03-103 RESULTS

9Be does not fit the trend!

J. Seely et al, PRL 103

Hall C EO3-103: Precision Results on Light Nuclei
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LOCAL DENSITY SHORT RANGE CORRELATIONS

What drives high local density in the nucleus?

The short-distance part of the nucleon-nucleon interaction:

@ A hard short-range repulsive core + strong intermediate-range

tensor attraction

short range attraction

@ These strong interactions between nucleons at short distance yield
high-momentum components in the nucleon momentum

- distributions in nuclel

@ Pairs of nucleons with high back to back momenta: short range

correlations




MEASURING THE SHORT RANGE CORRELATIONS

= To measure the relative probability of finding a correlation, ratios 10° = "‘-'.':,'.' rTTTTTTITITTITIITI
of heavy to light nuclei are taken | .. e E021 _
R T - B .
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JLab HALL C 6 GeV 2N SRC RESULTS

Hall C E02-019: Precision Results on Light Nuclei
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EMC-SRC CORRELATION
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J. Seely, et al., PRL103, 202301 (2009)
N. Fomin, et al., PRL 108, 092052 (2012)

JA, A. Daniel, D. Day, N. Fomin, D. Gaskell,
P. Solvignon, PRC 86, 065204 (2012)

9Be
strengthens the case!

Linear correlation between the size of
the EMC effect and SRC plateau
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O. Hen, et al, PRC 85, 047301 (2012)
L. Weinstein, et al., PRL 106, 052301 (2011)

Quantitative test of level of correlation between two effects
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3N SHORT RANGE CORRELATIONS

1.4 < x < 2=>2 nucleon correlation

2.4 < x < 3=> 3 nucleon correlation

o, 0) = 3 4 % 4 (4)o (x, 0°)

= 2 (0, (x,0) +

A

= a;(A)o,(x, 0°) + ...

3N SRC

Well established 2N SRC presence in 1.4<x<2

3N SRCs: leading to a second plateau (A/3He) at x>2 ???

3N-SRCs: theoretically possible but never observed experimentally

3N-SRCs: Where to look at?

* Rapid fall off of the mean field contributions, makes it easy to

determine the kinematic onset of the 2N-SRCs!

 Kinematics needed to isolate 3N-SRCs is much less clear 2N-

SRCs fall more slowly than mean field contributions

» Kinematic onset of the 3N-SRCs is very sensitive to the size and

nature of the 3N-SRCs (model-dependent)

 Searches for 3N-SRCs had to take A/3He cross sections at

whatever Q2 values were accessible and look for a clear plateau
in X for x well above 2, to suppress the 2N-SRCs
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SEARCHING FOR 3N SRCs
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SEARCHING FOR 3N SRCs
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- Results consistent with Hall C data, disagreed with CLAS results

* No second plateau observed 'S



SEARCHING FOR 3N SRCs
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- Where dges 2N cgntlriblutipnl6melnegligible?

Ann.Rev.Nucl.Part.Sci. 67 (2017) .-

1.5 2 2.5
X

12 GeV Hall C x>1 measurement
aimed to reach the highest Q2 in the
minimal amount of time.

ai represents the light-cone momentum fraction of 3N SRCs carried{by the correlated nucleon i



SUPERFAST QUARKS

@ The quark distributions in nuclei at large x are poorly understood
107 |
@ An additional way to look for the effect of short range
correlations
107 |
@ High sensitivity to non-hadronic components of nuclear e}
structure in these high density, short range configurations within | =
nuclel u 107 -
@ Higher Q2 reach: |
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x>1 and EMC EFFECT EXPERIMENTS in 12 GeV
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14 F SFQ :

» Covered x and Q2 range allows measurement of nuclear dependence " | | g 26° HMS+SHMS _5
of EMC effect, 2N- and 3N- SRCs, and SFQ. < wf & d :
- If observed, 3N-SRC would be its first experimental observation N prms _:
ever! . j
: SRC Land i
. . 17" resums | 2N s
 More measurements on well understood light nuclei but also heavy f - - —
nuclel Al “
0.9 1 1.9 2 2.9 3
* First measurement on the Boron isotopes - crucial for the clustering '
effects 18 | -
6l N/Z vs A 2,
* Heavy nuclei including 40Ca, 48Ca and Cu and additional heavy nuclei al N 'Ca 50 er,
of particular interest for EMC-SRC correlation studies _— Lééef;?% s ?Ni s
« Explore N/Z dependence at fixed A and A dependence at N e - Jay
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0.6 | SFe
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in HALL C

XEM2 EXPERIMENTAL SETUP

Experimental Setup

=L . 10.5 GeV electron beam

e Several cryogenic and solid targets

* Each spectrometer equipped with:
hodoscopes, drift chambers, cherenkovs,

electromagnetic calorimeters.

e SHMS: x>1 measurement

c HMS: EMC and SFQ measurement




SMALL SUBSET OF THE DATA TAKEN IN 2018/19

Overview of the experiment( E12-10-008) Phase -1 I)

- Ran during spring 2018 concurrently with E12-10-002 (F,) as a part of commissioning

experiment in HallC
 Measurement of inclusive electron scattering cross section from lighter Nuclei
* Cryo tragets: H, “H
« Solid targets: Be, C, Al, !B (Al for cell wall subtraction)
* Single-arm measurement
 Unpolarized electron beam energy 10.6 GeV
 Data were taken at a single ( Q?) /angle (219)
> Additional data on C were taken at larger angle to investigate detailed Q2-dependence

of the EMC ratios
First Measurement of EMC effect in 1%11B

Slide Credit: Abishek Karki
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FIRST PUBLICATION FROM COMMISSIONING

DATA SUBMITTED TO PRL
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SMALL SUBSET OF THE DATA TAKEN IN 2018/19

E12-06-105 PHASE |

| XEM )

Central 0.8 GeV Central 0.8 GeV

Momentum Momentum

Q2 2.08 Q? 4.46

Angles 8.02 Angle 13.10

Elements H, D, C, Al Elements H, D, C, Al
9Be,19B,1"B 10g 1B

*Boron targets are boron carbide B,C

Slide Credit: Casey Morean
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PRELIMINARY RESULTS on B10 and B11 (2019)
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CURRENT ANALYSIS STATUS

+ Data quality checks

- 0.6

4+ Reference and timing window cuts I "

determination 8 %

W . 2 04t ' ﬁ*# *

4+ Detector calibrations in progress - ' JII |

(almost done) - b

_— ® Hall C - projecte iﬁ{(i *

4+ Initial look at elastic data for the 2 | - :a::g_gG'ev‘ j " * I

spectrometer offset determination in - A SLAC E139 :

prOgreSS - % Hall C-2018

0 ! I ! I ! I ! I ! I ! I ! I

- _ 0 0 02 03 04 05 06 0.7
4+ Initial look at data to MC comparisons A
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SUMMARY
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