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at nioineiiturn transfers Q 2  =, 1,  3, 5, and 6.8(GeV/c)‘. We extract  * 

t h e  nuclear transparency 7’, a measrise of the importance of final state 
\ - 

interactions ( 1 3 1 )  between the outgoing pro& arid t lie recoil I I I J ~ ~ ~ I I S .  

Sonic calculations based on pertrirbativc Q(’D predict ail increase i n  7’ 

with momentum t ransfpr ,  a pheiionicnon known as (lolor ‘I’ransparency. 

No statisticallv significant rise is seen i n  the prcwnt experiment.  

--- 

a 

. 



Contents 

P 
\' 

I In t ro d u c t io ti 1 

A The A ( r , c ' p )  Reaction . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

1 T h e  Plane Wave Impulse'Appro?timation . . . . . . . . . . . . . .  6 

2 Previous A ( e ,  e'p) Data . . . . . . .  : . . . . . . . . . . . . . .  1.2 

I3 Color 'I'ransparcmcy . . . . . . . . . . . . . . . . . . . . . . . . . .  1 'id 

1 Selcction of Point. Like Configuration . . . . . . . . . . . . . . .  I ' i  

2 Color Screening. . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

3 Lifetitne of Point Like Configuration . . . . . . . . . . . . . . .  2 I  

4 Color Transparency Experiments . . . . . . . . . . . . . . . . .  27 

C Overview of the Experiment . . . . . . . . . . . . . . . . . . . . .  30 

I1 Experimental Apparatus 33 

A I<lectroii Ikai~i . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :Kj 

13 'I'argcts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : I . !  

( ?  7'hr~ Magnvtic Spectromt.tcrs . . . . . . . . . . . . . . . . . . . . .  3.5 

I 1.6 G V / c  Spectrometer . . . . . . . . . . . . . . . . . . . . . .  3'7 

2 8 GcV/c  Spectrornetcr . . . . . . . . . . . . . . . . . . . . . . .  I 

S 1 1 'l'r i ggcr IClcc t ron i cs . . . . . . . . . . . . . . . . . . . . . . . . . . .  

111 Analysis 53 

A Particle Identification . . . . . . . . . . . . . . . . . . . . . . . . .  5.1 

I3 'I'rack Itlciit.ificat.iori . . . . . . . . . . . . . . . . . . . . . . . . . .  :if; 

( :  3-Mon!cwturn Ileconst,riic-tioii . . . . . . . . . . . . . . . . . . . . . .  60 

I )  (biricidei~cc Ideutilicai ioii . . . . . . . . . . . . . . . . . . . . . . .  Cj 

1; Reconstruction of Em and  pm . . . . . . . . . . . . . . . . . . . . . .  6s 

I lonizat ion Encxrgy 1,oss . . . . . . . . . . . . . . . . . . . . . . .  W 



2 Coulom:b Accelcratioii . . . . . . . . . . . . . . . , . . . . . . . (i!) 

I' l i inana t ic  Settihgs . . . . . . . . . . . . . . . . . . . . . . . . . . . I 71 

G Efficiency Corrections . . . a .  . . . . . . . . . . . . . . . . . . . . . 

1 _.Absorption of Protons in Target and 8GeV/c  M-aterials . . . . 

2 S u m m a r y . .  . . . . . . . . . . . . . . . . . . * .  . . . . . . . . . 

76 

76 

78 

IV The Plane Wave Impulse Approximation Calculation 83 
* 

A Overview of the Calcnlation . . . . . . . . . . . . . . . : . . . , . . $4 

B The Born-Level Plane Wave Inipulse Approximation Cross Scction 8.5 

C 86 

D External Radiation. . . . . . . . . . . . . . . . . . . . . . . . . ; . 87 

E Internal Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

F Multiple Scattering, Energy Loss, and Coulomb Acceleration . . . 95 

G Spectrometer Acceptance Monte Carlos . . . . . . . . . . . . . . . 99 

Kinematics and Luminosity . . . . . . . . . . . . . . . . . . . . . . 

\ 

V Results 105 

A Extraction of S( E,,p,,) . . . . . . . . . . . . . . . . . . . . . . . . 104 

R 121 

<: Systematic Errors . . . . , . . . . . . . . . . . . . . . . . . . . . . 130 

D Comparison of 7'(Q2) \vith Theory . . . . . . . . . . . . . . . . . . 1 3 ' 4  

1 The Glauber Predictions . . . . . . . . . . . . . . . . . . . . . . 134 

2 The Color Transparency Predictions . . . . . . . . . . . . . . . 142 

Measurement of T ( Q 2 )  . . . . . . . . . . . . . . . . . . . . . . . . 

'I 

VI Conclusions 150 

APPENDIXES 
i 

A Coordinates 

153 

153 

B Track Purging 156 



C Dead-Time Corrections 

D Coiucidence Identification 

8, 

\ . i i  

160 

164 

I 

2 Scintillator Timing Paranieters ,. 

:I 

Sci n t i I lator ‘Ti mi ng Corrections . . . . . . . .  . . . . . .  . . . . . .  170 

. . . . . . . . .  1 73 

1.6 (;cV/c ScintillQtor ADC Malfu~~ct.ior~s . . . . . .  . . . . . . . .  177 

. . . . . . . . . .  

E The Model Spectral Function I78 

F Radiation in the PWIA Calculation 185 
1 Effect of External Radiation on Count R a t r  . . . . . . . . . . . . .  185 

I87 2 Effect of Internal Radiation on  Count Rate 

3 Internal Radiation in the One-Photon Limit . . . . . . . . . . . .  188 

4 Description of the Modified Equivalent Radiator Approxirnation . . 191 

5 Iritcnal Jtadiation and Kinematics I 93 

. . . . .  . . . . . . . .  

. . . . . . . . . . . . . . . . .  



List of Figures 

i 

I 
t 

1 

2 

:3 

Farrar et nf. C:olor 'Transparency prediction for A(< . ,  t ' p )  . . . . . . . . i 

, 
Differential cross section for-'He(e,dkat E = 3.3 -14.7(;c.V . . . . . . 4 I 

6 ,  B&n-I,eveI 'II(e.e'p) . . . . . . . . . . . . . . . . . . . . . . . , . . . 

4 x 

5 Schematic A ( e , e ' p )  showing proton intial 3-1i1onieiitu11i . . . . . , . . 9 

G 13 

7 14 

A(c ,c . 'p)  in the Horn-level PWIA . . . . . . . . . . . . . . . . . . . 

E,,, spectra from "(>(e,  e 'p)  a t  Saclay . , . . . . . . . . . . , . . . . . 
' 1  

1s and Ip y, distributions from I 'C(e , t 'p )  at Saclay . . . . . . . . . 

S 

9 

I O  

11 

12 

I 3  

1 4  

I5 

1 (i 

17 

18 

19  

A(e, e'p) results for the spectroscopic sum rule . . , . . . . . . . . . . 15 

Schematic 'H(e ,dp)  and A(e,e'p)  . . . , . . . . . . . . . . . . . . . . 17 

Lowest-order elastic scattering . . . . . . . . . . . . , . . . . . . . , , 18 

The Feynman mechanism for elastic scattering . . . . . . . . . . . . . 19 

The A + R -+ C.' + D txclrisivc reaction . . . . . . . . . . . . . . . . , 20 

( 'onstitucnt scaling in  hadron form factors , . . . . . . . . . . . . . 22 

a 

d 

, *  Iota1 hadrori-proton cross section vs.  elastic slopc'pararndcr . . . . . 23 

'I' measured in A ( p , 2 p )  . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

(lorrc4atiori of 7' and d a / d f  in A(p, '?Jp)  ..)!I 

Plan view of End Station A . . . . . . . . . . . . . . . . . . . . . . . 30 

. . . . . . , . . . . . . . . . . 

Schematic of experiment NE-I8 . . . . . . . . . . . . . . . . . . . . . ;I1 

1:xterior view of the 1.6 ( k V / c  sIxctrometcr . . . . . . . . . . . . . . 38 

'LO I .6 &V/c spectrometer detector hut . . . . . . . . . . . . . . . . . 39 

21 Sitlr: views of Ihc> I .6 GeV/c. (lc+ctor tint . . . . . . . . . . . . . . . . <IO 

22 l':xt,c%or side view of 8 (;eV/c: spectromckr . . , . . . . . . . . . . . . .12 

23 Magnetic optics of 8 C k V / c  spectrometer in the vertical plaric . . . . 13 

24 Magnetic optics of 8 G e V / c  spcxtrometer in the horizontal plane . . . 4 4  

25 'I'hc.  8 (;eV/c Ilctcctojr Stack . . . . . . . . . . . . . . . . . . . . . , . 45 



27 S ( ; c \ ' / ( .  u. i ix .  clianll)crs . . . . . . . . . . . . . . . . . . . . . . . . .  < . . ,.. 

-28 l.fiCkL'/c trigger electronics t ? 50 

20 S G ~ V / C  scintillator eIcctroni5s . . . . . . . . . . . .  *.  . .  1 . . . . . . . . .  51 

30 SGe\'/c. trigger electronics.. . . . . . . . . . . . . .  : . . . . . . . . . . .  52 - 
31 Typical track in t,lie 1 .(i C;i.V/c spcctrornctcr . . . . . . . . . . . . . .  57 

:E 'I'ypicaI track in tlw 8 <:e\//(- spc~ct.romct.cr . . . . . . . . . . . . . . . .  59 

:33 I<fTcxt. of timing corrcct.ioris for ' 9 7 A i ~  at, 0' = i (GcV/c) '  . . . . . . .  (i.4' 

34 At,,+ for "(: at &' = 1 (GcV/c) '  . . . . . . . . . . . . . . . . . . . .  65 

4s , 

. . . . . . . . . . . . . . . . . . . . . . .  . .  
4 

rl 

0 @ 

3.5 IIistogrnni of Atp-r for ( E , , p m )  E R . . . . . . . . . . . . . . . . . .  

36 Histogram of At,-, for (Emrpm) E 3 . . . . . . . . . . . . . . . . . . .  67 

66 ' 

37 Central p,,, for a given 08 . . . . . . . . . . . . . . . . . . . . . . . . . .  72 

39 (:ovc~ragc~ of (K,, , ,p, ,*) at Q' = (i.s((;Cw/(.)l 1 * )  

38 Coverage of (E,, p,) at Q2 = 1 (GeV/c)2 . . . . . . . . . . . . . . . .  74 

I . . . . . . . . . . . . . .  -r  

45  1 .G GcV/c focal plano distrihiitions . . . . . . . . . . . . . . . . . . . . .  100 

46 tiGeV/c focal plane distribiitions . . . . . . . . . . . . . . . . . . . .  1 0 1  



x 

c '  

.5 3 

I \ . 
5;k 

'.*5 5 

56 

$P 
58 

; s9 

60 

61 

62 

63 

64 

65 

66 

(i 7 

68 

69 

70 

* 71 

72 

73 

74 

-r  
I . ) 
76 

77 

78 

7 9 

I2C 1 7 1  anti 1.q pm d i s t r i b u t i o n s  at &' = 1 (.C;eV/c)' . . . . . . . . . .  11.1 
1 

1 2 ( '  p,,. (list i.il)iitiori at Q2 = I 7 (GeV/c)z . . . . . . . . . . . . . . . .  114 
"Fe E. distribution at Q 2  . l-?(GeV/c)2 . . . . . . . . . . . . . . .  

lg7Au E. distribution a? Q' = 1-7(GeV/c)' : 117 

116 

. . . .  . . . . . . . . . .  

... "Fe ptn distribution at  Q2 = 1-7 (GeV/c)' . . .  . . . . . . . . . . . .  118 

197 Ail p. distribution a t  Q2 . 1-7 ( G ~ V / C ) ~  . . . . . . . . . . . . . .  119 

N k l e a r  traiisparency T(Q'. O s )  measured in 'H(c. c'p) . . . . . . . . .  12.1 

Nuclear transparency 7'(Q2. 0, ) measured in I2C(e. c'p) . . . . . . . .  1'25 

Nuclear transparency T(Q2 .  08) measured in "Fe(e. e'p) . . . . . . . .  126 

Nuclear transparency T(Q'. 0 s )  measured in Ig7Au(e. e'p) . . . . . . .  127 

Nuclear transparency T(Q2)  measured in experiment, NE-18 . . . . .  128 

? 

Nucleon-nucleon total and elastic cross sections . . . . . . . . . . . .  135 

Standard T predictions for "C . . . . . . . . . . . . . . . . . . . . . .  137 

Standard 7' predictions For 5GFe . . . . . . . . . . . . . . . . . . . . .  1:N 

Standard 'I' pr(dictioris for  '"Au . . . . . . . . . . . . . . . . . . . .  139 

P'arrar r f  nl . (.., Aii 7' prcdictions . . . . . . . . . . . . . . . . . . . .  1 4 3  

Jennings and Miller 1992 C. Au T predictions . . . . . . . . . . . . .  145 

Bcnhar et ai . C. A u  7' predictions . . . . . . . . . . . . . . . . . . . .  

F&kfurt . St.rikman, and Zhalov C. Fe. A u  7' predictiotis . . . . . . .  

1.26 

147 

. . . . . . . . . . . . . . .  Plan view of experiment N E 1 6  . . . . . . .  153 

Formation of 1.6 GeV/c M,, 6 and . . . . . . . . . . . . . . . .  161 

Formation of 8 GeV/c T z / : j  and 7 2 / 3 . 0 n ~ y  . ; . . . . . . . . . . . . . . .  16'2 

(hincidciicc 'I'IIC' noii-lint.aritics . . . . . . . . . . . . . . . . . . . . .  1(15 

1.6 (;cV/c cwirlcidcricc TDC . . . . . . . . . . . . . . . . . . . . . . .  I(ii 

8 CkV/c coincidence TDC . . . . . . . . . . . . . . . . . . . . . . . .  1 (is 
(hiiicidc~ric-c~ ictcnt. ificat ion . . . . . . . . . . . . . . . . . . . . . . . .  16:) 

pm rlistribiit. ioii frorii "Ni(  t..  dp)  at Saclay 1 $.I . . . . . . . . . . . . . . .  



SI 

SO ~irigIe-p11ot.ori Y(Ow. o,) at. 12’ = I (<;cV/c)? . . . . . . . . . . . . . . * 1s:) . 

” S I  

82 

. I S 3  

Sirig~c-~)Iiotori Y(Ow, 4w)  a t  Q ~ ,  = I ,  ’i ( G O V / C ) ~  . . . . . . . , , . . . I!IO 

Angular distribution of rndiation’at, Q’ = 1 (GeV/c)’ . . . . ,. . . . . 1!)5 

f3crcoil ratio R at Q‘ = 1 ( GeV/c)2 . . -: . . . ’  . . . . , . . . . . . . . . 197 

f 

c 



1 List of Tables . 

. 1 Approximate NE-18 Kinematics . . . . . . . . . . .  '.. . . . . . . . .  ;I1 

2 . :I:{ 

3 'I&r"gt characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

Width- of .energy defining slits . . . . . . . . . . .  : . . . . . . . .  ~ . 

'4 'I'argct-related materials . . . . . . . . . . . . . . . . . . . . . . . . .  :Hi \ 
5 Nuclear radii and average (louloml) accelcrations . . . . . . . . . . . .  70 

6 Ilet.ailed NE-I8 kinematics . . . . . . . . . . . . . . . . . . . . . . . .  * 71 
. ,  

7 Proton absorption in liquid target matcrials . . . . . . . . . . . . . .  7 S  

X Proton absorption in' solid targets . . . . . . . . . . . . . . . . . . . .  $0 
\ 

Y Proton absorption in 8 GeVlc spectrometer . . . . . . . . . . .  1 .  . . .  S 1 

10 Tracking efficiency and proton absdrptiori corrections . . . . . . . . .  S2 

11 The (Em,pm)  range 72 . . . .  . . . . . . . . . . . .  . . . . . . . . .  122 

12 Correlation tail correction to  the PWIA calcrilatiori . . . . . . . . . .  126 

1 :I Nriclear transparency 7' m e a s u r c ~ i  i i i  c.xl)crirncrit NI4:- IS . . . . . . . .  120 
I 

1.1 IJriccrtaiiitics in the PWIA ca.Iciila't~ion . . . . . . . . . . . . . . . . .  I : j l  

I f ,  Experimental. systeiiiatic ('rrors . . . . . . . . . . . . . . . . . . . . .  1 ;I:? 

I fi , 'I'otai systematic errors . . . .  .''. . . . . . . . . . . . . . . . . . . . . .  I :<? 

I 

17 J,atmratory coordinatcs . . . . . . . . . . . . . . . . . . . . . . . . .  15 1 

18 Spectrometer (Transport) coordi1iat.c.s . . . . . . . . . . . . . . . . . .  1:) I 

1 9  Focal plan(. (hut)  coordiimtc,s . . . . . . . . . . . . . . . . . . . . . .  1:):) 

. . . . . . . . . . . . . . . . . . . . . . . .  20 I . f i  c;cV/c- track ptirgcs 1 .5 ; 



/ 


	pm rlistribiit ioii frorii "Ni( t dp) at Saclay

