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ABSTRACT

We propose to measure the quaslielastic proton khcckout reacticn =2n twu
target nuclei over a large range of 4-momentum transfer (7). The measurzment

would be performed in Hall A. The main objective of this experiment is Lo

investigate the medium modification on the nuclecn properties in nuclel



INTRODUCTION AND PHYSICS BACKGROUND

The medium modification on the properties of nucleon in nuclei has been
the subject of great interest recently. Probably the most striking phenomenon
is the so-called EMC effect.1 In medium energy nuclear physics, most of the
works concentrate on the gquasielastic (e,e’p) reaction.2 However, the results
oblained so far are not conclusive due mainly to the final state interactions
nf the "low" energy outgoing protoens.

We propose to measure the proton knockout reaction for two nuclear
tarpets over a range of Qa. We plan to use a special kinematics arrangement
which we used at MIT-Bates, 1.e., we wiil keep the energy transfer w, 1he
magnitude of the outgoing proton momentum, and the magnitude of the reccil
momentum  fixed, while wvarying the 3-mcmentum (or 4-momentum) }ransfer.
“urithermore, because of the higher incident electron energy at CEEAF we can

choose to keep the outgoing proton energy fixed at a value between 250 and 40U

MeV. The ccombination of higher outgoing proton erergy and th:s nes kinematic
srrangement 1s =zttractive because the variation and the mzgnituge o the
miztortion and the uncertainty in the proton bound state wave functicon can all
tr eept o tzoz ominimum. This would make the situation simpler Yo imvestlgsis
rro coalul aftYects on electromagnetic current cperators of profton | sl
The QZ and density dependence of ‘the nucizon faorm racters G? arr 7L e
beer, -asczlioted by Shakin.3 Since the wvariation of GE anz :Z; Lo (31 ESals

Genzo. s 13 different, it is important to separate the iong:tuclinz ana the

unctions for the (e,e’p) reactions.
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notop—exchange approximation, rxe unpelarized differential

trosg sectlicn for ihe {e.e’'p) reaction can be writien 'as
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where the Vs' are the kinematic factors.



MEASURING PLAN AND THE COUNT RATE ESTIMATES

As mentioned in the previous section, we propose to measure only the
lengitudinal and the transverse response functions in parallel kinematics. In
fact, the parallel kinematics are special cases of a more general kinematic
arrangement. In this kinematics, we propose to keep the energy transfer w,
the magnitude of the outgolng proton momentum, and the magnitude of the recoil
momentum fixed, while varying the 3-momentum {(or 4-momentum) transfer by vary-
ing the scattered electron angle and the opening angle between the recoi!
momentum and the momentum transfer vectoers, The paralie! kinematics would
then correspond to the opening angle being either 0° or 180°

Under the paralle! kinematic arrangement, there are two 3-mementum {or
4-momentum) transfers for a given fixed scattered Proton momentum f(or energy!.
These two momenta correspond to the situation where the recoil momentum vector
Is either parallel or anti-paraliel to the momentum transfer vector. We
propose to take data at three fived scattered proton energies, i.e,, at 2585,
325, and 400 MeV, which will enable us io measure R; and Ry at six vaiues of
Q2 ranging from about 9 f72 to 23 f£°2 Tables T and 1l shows some of the

useful kinematics variables for the grounc state p-shell knockout on !20 anc
[ 7S
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. : 12 s tig, \ : .

We estimate the "“Cle.e’p! 'Big s.} znd "“Cule,e'p)®Nilg.s.) reactions
colincidence count rates. The differeniial! cross sections for these twe
targets listed in Tables III and IV were caleuloted in factorized DWIA using =
rode which was developed by one =f our :ci,a-uraisre (N, S, Chant}. Urder the

parallel Kkinematic c¢ondition, the ‘nterresrence regponse functions, R

R—., wvanish, and :he zifferential crcss section for tne le,e‘pl rezactior
oecsmes
[ 4% ] _mig’| ( de ] [‘,« . VR ] (2)
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tdQededEe. 2(2m)° dQe. Mot t LL T T
nr. after substituting the expressions for the kinemztic factors V. and VT,
Eg. {2) can be rewritten as
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different incident electron energies are needed for the super-Rosenbluth
separation for extracting the longitudinal and the transverse response
functions. Since we are interested in investigating the possible medium
modification of the nucleon properties inside a nucleus, it is our intention
to be able to measure both RL and RT to an accuracy of a few percents,
Therefore, we propose to perform the super-Rosenbluth separation for a given
Q2 {or a given fixed scattered proton energy) at four incident electron
energies. These energies are also listed in Tables I and 1I.

The following parameters are used for the coincidence count rate

estimates:

AR = 7.8 msr
-

N

Ape/pe = *5% (see below) .

Luminosity = *2C 1.6-6.2x10%°¢/cm? sec

83Cu 0.3-1.1%10%/cm? see
In order to perform a separation of R, and Ry, we rian rc¢ match Lhe
zcreptances in the physical variables: lai_ w, znd 55;;. Theref re, the fuoli
=petirometer acceptances are not available at all ersrg.es A Monte Cavio
czlzulation was performed to determine the awvsiiabie acverlances ifor the
spectromeiers, and an acceptance factor determined irom 1ne Monte Carlo was
entered into the ceoincidence count rate estimates. we Dlanh 13 measure the
cross sections in 20 MeV/c |Pg| bins between 50 and 110 MeV.c. Far: =f ‘he
acceptance factor is due to this binning. Tazbles [II and IV show tne cross
sections and beam time needed for at least S000 counts for 2C and 10CO counts

for ®3Cu. This requires a total of about 100 hours of beam time.

Also, Table V and VI contain the singles count rates for the twe spzc-

L2

trometers, estimated from single arm cross sections developed by Lighibed. an
0'Connell.® The electron arm inciudes count rates for e” and m, whiie the
hadron arm count rates are for p+m*. Fer these relatively low singie arm
rates, the real to accidental ratio is 2 50 tc | for all kinematics.

Most of the collabaorators in this proposal have had considerable ewper-
iences in carrying out the {e.e’p) experiment. We plan to participate

actively in the Iimplementation of both high resolution spectrometers planned

in Hall A.
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TABLE I. Kinematic Variables for '2C
]
Case Tp Eg E’ 9, 8, q Q° £ Parallel/ |
MeV  MeV MeV Deg Deg (Mevsc) f7° Antiparallel
1 400 775 341.65 127.51 15.99 1034.27 23.0 0.092 > =
2 341.65 93.49 24.21 874.27 15.2 0.255 3«
3 775 376.67 127.51 15.99 1034.27 23.0 0.092 3
1 376.67 93. 49 24.21 874.27 15.2 0. 255 5« .
5 1550 1133.73 41.83 47.00 1034.27 23.0 0.741 > o
6 1133.73 33.70 46.04 874.27 15.2 0. 808 R ;
7 2325 1908.73 25,97 53.93 1034.27 23.0 0.387 -5
8 1908. 7 21.02 51.58 874.27 15.2 0.918 5 o« :
9 3100 2683.73 18. B8 57.16 1034.27 23.0 0.938 > 2
10 2683.7 15.31 54.19 874.27 15.2 0.955 e i
11 32 700 341.65 1il18.15 20.00 925.88 19.0 0.134 S i
i 12 341.65 86.22 27.91 765.88 12.1 0.313 gy f
i 13 700 376.67 118.15 20.00 925.88 19.0 0.134 - -
; 14 376.67 86.22 27.91 765.88 12.1 5312 = e -
% 15 1400 1058.73 41.38 49,14 925.88 19.0 0.752 - >
©1g 1058.73 32.70 45.34 765.88 12.1 C.6822 S e !
1 2100 1758.73 25.87 5¢.01 925.8858 1e.( C.58%1 ==
15 1758.73 20.55 53.72 765.88 17 t Dowia A
2 2800 2458.73 i€. 88 £3. 24 925,88 12.C oL R4T -
R 2458.73 15.01 56.28 7T65.88 1Z2.1 0 255 o+
it B 600 317.84 117.G2 21.5% 809.14 15.G oL0an - = X
2 317.84 g2 71 30,71 &49.14 5.0 G 34% = - f
25 elio 350.42 117.02 21.5% 809.14 15.0 0.143 - -
24 350. 42 82.71 30,71 649.14 9.0 0. 349 5« i
i 25 1200 933.73 42.29 50,98 809.14 15.0 0.748 > -
P26 933.7 32.46 50.58 649.14 g.0 0.831 > € :
i 27 1800 1533.73 26.58 58.03 809.14 15.0 0. 889 3 >
i 28 1533.73 20.52 55.94 649.14 9.0 ¢, 927 S«
! 29 2400 2133.73 19.43 61.36 809.14 15.0 G. 938 5 >
} 30 2133.73 15.03 58.49 649.14 9.0 0. 960 >




TABLE II. Kinematic Variables for ®3Cy
Case T, Eg E’ . 8, q Q? e  Parallel/
MeV  MeV MeV Deg Deg (Mev/c) (72 Antiparallel
1 396 775 355.05 123.23 17.67 1028.65 23.0 C.110 N
2 355.05 91.36 25.45 868.65 15.2 0.272 s
3 775 391.44 123.23 17.67 1028.65 23.0 C.110 5
i 391.44 91.36 25.45 868.65 15.2 (©.272 5 e 1
|
5 1550 1147.82 41.56  47.78 1028.65 23.0 0.746 N
6 1147.82 33.54 46.92 868.65 15.2 C.Si2 G
7 2325 1922.82 25.87 54.67 1028.65 23.0  (0.889 EA
S 1922.82 20.98 52.43 868.65 15.2 (.920 s e
9 3100 2697.82 18.84 57.89 1028.65 23.0 0.939 Ao
10 2697.82 15.30 55.04 868.65 15.2 0.956 _ 4 «
11 322 700 354.55 114.65 21.60 920.64 19 0.152 s 3 ;
12 354.55 84.38 29.20 760.64 12, 0.331 S !
13 700 390.94 114.65 21.6C 920.64 19.0 0.152 5 5
1 3%0.%4 84.38 29.20 760.64 12.1 0.331 S e !
15 1400 1072.32  21.09  49.99 520.64 19.0 0.756 RN
16 1072.32 32.52 49.31 760.64 12.1 0.827 5 e !
17 2100 1772.32  25.76  56.82 92C.64 19.0 0.8%3 -
18 1772.32  Z0.49 54,67 760.64 12.1  0.926 S -
19 2800 2472.32 1€.82  &40. 04 920.64 19.0  0.%941 SR
20 2472.32 14,99 57.22 760.64 12.1  0.95% o
I
21 257 500 333.3C 113 28 23.35 804.24 15.0 0,163 N ;
22 333.30 80.87 32.16 644.24 9.0 0.368 - e !
23 600 364.16 113.38 23.35 804.24 15.0 0.163 SN
24 364.16 80.87 32.16 644.24 9.0 0.368 . ;
25 1200 946.82 41.94 51.93 804.24 15.0 0.754 +
26 946.82 32.25 51.69 644.24 9.0 0.835 > e }
27 1800 1546.82 26.44 58.94 804.24 15.0 0.89i > 5
28 1546.82 20.44 57.03 644.24 9.0 0.%28 - -
29 2400 2146.82 19.36 62.24 804.24 15.0 0.939 -
30 2146.82 14.99 59.57 644.24 9.0 0.961 5 -




TABLE III. Coincidence Count Rate Estimates for !'°C

Case daa/(dQe.dedE‘) Luminosity Counts/hr Running Time
(nb/sr2-MeV) (1027 /em? sec) {Hours)
1 2.270-1072 0. 6266 9.38x10% 5.5
2 1.431x107} 0.6266 7.52x103 1.0
3 3.563x10°° 0.6266 1.77x103 3.0
4 5. 368x10°2 0.6266 3.67x10° 1.5
5 3.038x1071 0. 6266 1.65.10% 0.5
6 1.073x10° 0.3133 6.01x10% 0.5
7 8.645x10°! 0.6266 2.72x10% 0.5
8 3.193x10° 0. 1567 9. 70x10% 0.5
9 1.710x10° 0.6266 3.02x104 0.5
10 6.339x10° 0.1567 1.03x10° 0.5
11 3.287x1072 0.6266 1.42x103 3.0
12 2.399x10"! 0. 6266 1.22x104 6.5
13 5.543x1072 0. 6266 2.87-107 2.0
14 9.535x10"2 0 6266 6.12x103 1.0
15 4.299»10"1 0.6266 2.00~10% 0.5
16 1.710~10° G. 3133 6.86+10% Q.5
17 1.220~-10° 0. 6266 3.153.10% 0.5
18 4. 980x10% 0.1567 1.11%16°% 0.5
19 2.377x10° 0. 6266 5. 46v10% 0.5
20 3. 985x10° 0.1567 1.89x10° 0.5
21 4.459%107% 0.6266 1.93x10° 3.0
22 3.911x1071 0.6266 1.78x10% 0.5
23 8.206x1072 0.6266 4.11x103 1.5
24 1.704x107} 0.6266 7.55x10° 1.0
]

25 5.820x107} 0. 6266 2.03x10% 0.5
26 2.757x10° 0.3133 7.63x10% 0.5
27 1.597x10° 0.6266 3.23x10% 0.5
28 7.887x10° 0.1567 1.39x10% 0.5
29 3.159x10° 0.6266 3.52x109 0.5
30 1.582x10! 0. 1567 1.46%105 0.5

w

Total 32.




TABLE 1IV.

Coincidence Count Rate Estimates for %3Cu

Case daa/(dQc.dedE’) Luminosity Counts/hr Running Time
(nb/sr2-Mev) (1037 /cm? sec) (Hours)
1 9.839x10" 2 0.1194 2.38x10% 4.0
2 2.132x1071 0.1194 1.86x10% 5.0
3 1.073x1072 0.1194 2.52x101 5.0
4 1.443»1071 0.1194 1.43.10% 7.0
5 1.149»10° 0.1194 3.78x10% 3.0
6 5.830x10° 0.1194 1.89x10° 1.0
7 4.066x107! 0.1194 6.35x10° .5
8 2.167x10° 0.0597 1.47x10% .0
9 4.057x10"2 0.1194 7.14x10% 1.5
10 2.762x1071! 0. 0597 1.40x103 1.0
1 1.536x10°1 0.1194 3.71x102 3.0
2 3.231.1071 0.1194 8. 40x10%2 1.5
13 2.120x107% 0.1194 5.20x10! 2.0
14 2.598x107! 0. 1194 6. 38x10% 1.5
15 1.774x10° 0.1194 4.68x10% 2.0
16 a,015%10° 0.0597 1.00x103 1.0
17 6.416x3071 0.1194 7.65x102 1.5
18 3.411x10° 0. G597 1.61x10°3 1.0
19 7.102¥107¢ 0.1194 8.37~10° 1.5
20 4.635x107 "¢ 0. 0597 1.37%x103 1.0
|

21 2.266»107} 0.1194 5 51x10° 2.0
22 4.898»>10"1 0.1194 1.10x10° 1.0
23 4.470x10"2 0.1194 8.95x10? 2.0
24 4.545x10"1 0.1194 1.04x10° 1.0
25 2.700%10° 0.1194 5.91x10% 2.0
26 1.382x10! 0.0597 1.18x10° 1.0
27 9.944%x1071 0.1194 8. 41<10% 1.5
28 5.301x10° 0.0597 1. 76x103 1.0
29 1.178x107} 0.1194 9.73x10% 1.0
30 7.574x1071 G. 0298 8.79x10° 1.5
Total 60.0
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Table V. Singles Rates for '°C

Case e +m /sec p+r’ /sec
1 33 16558
2 2431 14459
3 23 16558
4 2109 14459
5 709 12183
6 3083 6508
7 3313 13577
2 6469 4144
9 9144 14753

10 17456 4893

11 71 18522

12 2754 16785

13 51 18522

14 2290 16785

15 1330 16648

16 5723 8708

17 5993 19426

18 11984 5756

19 16226 21622

20 31958 6893

21 145 25978

22 3217 24445

23 106 25978

24 2754 24445

25 2447 26494

26 11009 13475

27 10648 31109

28 22891 8828

29 28685 35028

30 60403 10574




11

Table VI. Singles Rates for ©3Cu

Case e +n /sec p+n¢/sec
1 30 10862
2 2595 9007
3 21 10862
4 1977 9007
5 592 7208
6 5712 7584
7 2704 8821
g 12078 5430
9 7360 10102

10 32782 6794

11 65 13460

12 2908 11582

13 46 13460

14 2168 11582

15 1099 10822

16 5340 5584

17 4836 13537

18 22682 8004

19 12915 15682

20 60610 10038

21 132 21709

22 3372 19619

23 95 21709

24 2448 19619

25 2002 49729

26 10384 9934

27 8513 23994

28 43362 13482

29 22379 27642

30 57583 8275




