ATF rates from Scattering Foils

SNW, Jan '10

Thisis an update on scattering rates we would expect from practical foilsin

the ATF. If we take 80 MeV beam energy and 10° e/bunch as standard then we
can get ~1 scatter per bunch with a plasic target 1 mm thick at angles <~45
degrees. Similar rateswith a Gold target 0.12 mm thick.

In order to get 1 Hz at a 75%angle it would take a ~ 7 mm thick plastic
radiator tilted at 45°. Maybethisis practical.

We start from Hofstadter'sderivation in RMP 28 #3 p 214 and his Nobel
lecture(it turns out he also used 80 MeV electrons). The relativistic correction
and contribution of electron spin is applied to the Rutherford form as given by
Mott and then the form factorsfor different nuclei areincluded.

At the end we compar e this calculation with Hofstadter's results
at Stanford.

nes7- << Physi cal Constants®
<<Units’
Needs [" Pl ot Legends™ " ]

neeor= Ee-pev = 80;
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= Size parameters used by Hofstadter in exponential form : rms charge radius =

2*&1‘/?

ngel= AAy = 2. 3 dc = 0. 6
Zc=6; Zpn, =79;
agm = Fi neSt ruct ur eConst ant ;
ac = Convert [Pl anckConst ant Reduced » SpeedO Li ght,
Mega = El ectronVolt xFerm 1[[1]];
acl = Convert [Pl anckConst ant Reduced = SpeedO Li ght
Mega = El ectronVolt xCentineter][[1]];

outgezj= Nul I nyi

12
~ Csc [e/21%
-MeV

wee- MOtt[6, Z 1:=Rutherford[e, Z]+*Cos[e/2]?
s~ QO] i =2%xEe_pevSin[e/2] /acC

neee= RUT herford[e , _] =1/4 (Z*aEM)Z

1
mero= P[r_, a_]:= — Exp[-r /a]
8 7 (a)

m Form Factor normalization. We require it->1 as g->0. Then we have 4 #/Q[6]*p[r]
Sin[QI#] r] r and Sin[qgr]/g->r

wer- Normalization = Integrate]4x r? p(r, @), {r, 0, co}, Assumptions - Re(@) > 0]

outs71)= 1.

4z 71 p(r, @) sin(r Q(0)) dr
Q)
FudgeFactor = 2; (xneeded to agree with Hofstadter data on Aux)

In[874]:= Hof st adt er [9 , _, a_] =
Mot t [6, Z] *FornFact or [6, a]? *FudgeFact or

ner2- FOrmFactor(@_, a ) 1=
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Now fetch properties of targets

e~ Chem cal Dat a[" Pol ystyrene", "El enent Tal | y" ]

outs79l= {{C, 93}, {H, 12}}

neeo- N = Chem cal Dat a[" Pol ystyrene", "ElementTal l y"1[[1, 2]1];
Ny = Chem cal Dat a[" Pol ystyrene", "ElenentTal ly"]1[[2, 2]]1;

pps = Chemi cal Dat a[" Pol ystyrene", "Density"] /1000;
pau = Cheni cal Data[" Gol d", "Density"]/1000;

M, = Convert [Prot onMass, Gram] [[1]1];
Mol ecul es = pps/ (Nc*12 % M, + Nu* M) ;

At onsy = Ny * Mbl ecul es;
At onsc = Nc» Mbl ecul es;
At onsay = pau/ (197 M)
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The nunber of scattered el ectrons fromabunch of 10° onthe gol d f oi |
Detector : 0.3 -»>1cnfarealmaway. -> dQ =

Ar ea ) 4
*4 rsteradi ans =10 -

4 7%
Sorate = flux«atons /cm’ «t +si gnaxdQ.

In[889]:= tAu = 120 * 10_4;
donega = 107%;
coeff = 10° At onsp, + domega * t ay;
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Calculate cross sections for Polystyrene

neoz- Carbon[e ] : = Hof stadter [6, 6, ac]
Hydrogen[e ] := Mttt [6, 1]

electron Scatteringon H,C
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o tPS = 107%;
coef =10°%xt PSxdonega;
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Scatter
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Tests of this calculation on e-Nucleus scattering data:

This calculation is compared to Hofstadter at 84 MeV below. The overall agreefzent is
good except for an overall factor of 2 that | couldn' t find.
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Cross section
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A similar comparison was made for protons at 188 MeV and there agreement is good.

In[903]:=

electron Scattering on protons
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