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In this paper we investigate the possibility of extracting infor-
mation about photodisintegration of Helium-3, vy + He3 + p+d, from the
reaction e + He3 > e+ p+d . If the latter reaction involves

the exchange of a single photon, we may consider the reaction to take place
in two steps: e » e' 4+ y followed by vy + He3 » p+ d . The second step
is called virtual photodisintegration éinée the photon is off the mass-—shell.
Hence an extrapolation to real photodisintegration is necessary.

If the final state electron and proton are detected in the reaction

3 ' , .
e+ He” +e' +p+d, we may write (in the one-photon approximation):

4’ . do
dE_, do_, do a0
e e P P

I' is the virtual photon spectrum factor given by

poalel K 1
§¥2Eé q% I-¢ !
where
q2 = 4E FE _, sin2 £ == {(4—momentum transfer)2 s
e e 2
W - M}21e3 :
K = ——Eﬁ—~§—— = Real photon energy needed to produce the ptd final state,
He
2 2,1/2
W= GﬂHe3 + 2v Mﬂe3 - q7) = Mass of phd system,
v o= Ee - Ee, R
) 2,2 2 Ot
e =1/(1L + 2(1 + v'/q) tan —ar—) = Polarization parameter,
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The virtual photodisintegration cross-section can be further expressed



do A+ eB sinzﬁp cos2¢ + eC + Ye(lte) D sinep cosd R
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where

Proton angle in the Y—He3 c.nm, frame.

@
o
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Angle between the plane e e' +y and the plane y + He3 >p 4 d.

0
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A,.B, C, and D are functions of q2, W and BP. See the Appendix for

comments on the derivation of the above expressions, In the limit of q »0

do do

N —d
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de daq
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P
c+0
p~>0
dql do”
where 0 and T are the cross-sections for photodisintegration by real
P P

Vpolarized photons,

The only data for e + He3 +~.e' +p+d is that of Johanssonl).

E = 550 MeV E , = 443 MeV 6 , = 51.7°
e e e
BP(LAﬁ) = 44.2° 51.7° 56.7° 62,0°
3 32 2 :
d'o 107" em
i, i, @ (SI T 29.6 7.32 | 5,17 0.88

Statistical Error (%) = . 15 6.3 11 41



v = 105 MeV q2 = 1,85 x 105 MeV
K = 74 MeV £ =..667
= 3.57 x 1077 Mev!

Note that the data were taken at only a single qz, making the extrapolation
to qz = 0 rather uncertain., The effective real photon energy, 74 MeV, is
well below the yegion of N* production in vy + He3 >p+d.

To compare these data to those for y + He3 +p + d we need to cast the

ptd system into the y—He3 c.m. frame., The lab angle of the photon is

E , sinb_,
_= e = 51.6°

8 = tan
Y Ee - Ee' cosee,

Thus the data for «y + He3 + p+ d will be all in the forward direction.

The results of the LAB to c.m. transformation are

d_(LAB) . 2.
ep(LAB) Gp(c.m-) ¢ de(c.m.) = W de(c.m.)
51,7 0.15 | 0° | .430 1.7 x 10727
56.7 7.8 0° | .43 1.2
ah.2 | 1.3 |180° | .433 6.7 x 10726
62.0 15,8 | 0° 436 2.0

We can now make estimates of the functions A, B, G, and D mentioned above.
Because of the small Gp involved I neglect B and D. Also, the Bp(LAB) = 44°
data show that a term in cos¢ cannot be very important. For term A, which is

the cross—section for photodisintegration due to transversely polarized

photons (see Appendix),wve approximate A(qz) = A(0) . This is indicated
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by experience with e-p inelastic scattering”’, Term C is related to the cross—

" gsection for longitudinally polarized photons by

ﬂf doL
¢ = qg ds

where is the energy of the photon in the —He3 c.m. frame. For the present
9 y p Y p

do, . do
T . L

case qzlqi = 116 . Thus even if " term C could be dominant.

The experimental data nearest to E{ = 74 MeV is that of 0'Fallon et al.
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reported by Garron . The data are characterized by an order of magnitude

of 10730

cmZIS? for the cross-section, which shows a marked forward dip.
This is rather spectacularly different from the wirtual photon cross-sections
found above.

To get a more quantitative comparison between real and virtual photo-
disintegration, I have done a simple partial wave analysis. 1 assume the
He3 and d ground state wave functions to be pure S-waves. The only important

electromagnetic transitions at the fairly low energy under consideration

are

2 2

El > “Py/, , B

1/2

4
Ml -r 83/2

2 2

B2 > gy, D

32,

where S, P, D label the relative p-d angular momentum, etc. Further, the 2
electric dipole amplitudes should be equal, and the 2 electric quadrupole
amplitudes should also be equal.. Thus there are only 3 amplitudes to consider,

which I call §, P and P. Then



do,

I . %
_&_Q_r 2 + sin26(3P2 + 26 Re P D cos® + 2 p? cos’o)
do

L 1 .2 2 2 .2 *
0 A §=S + 3P 4+ §-D + Y2 Re P D cosb +

. .
+ sin?B(—BPz'— %—Dz + %-/E'Re P D cosB — %-Dz cpszﬁ)
A fit to the Q'Fallon data, interpolated to 74 MeV is

dog 2 ) - 2 2 30 2
- (0.4 + 0,6 sin" 0 + 1.33 sin”@ cos0 + 1.0 sin 8 cos 8) x 3 x 10 cm /Sr .
Then

do
Eﬁk = (1.0 + 0.4 cos® - 0.85 sin29 + 0.6 sin29 cost - 0,75 sinze cosze) x 3 x 10—3C
Note that dUL/dQ is peaked in the forward direction,

, 1.3
If we estimate T d G/dEe, dQe de by

2 doL

2 Fo s
o q daQ

]

we get 3.3 X 10'-28 cm2/Sr at 00,'3 factor of 5 below the electrodisintegration
data, The angular dependence of the fit for o is not rapid enough to match |
the forward peak seen in the electrodisintegration: at 15.8° we have
3 x 10_28 cm2/Sr . |

Thué the attempt to relate réal to virtual photodisintegration of He3
has been only qﬁalitatively successful., The dominénce of 0, over o, combined
with the uncertainty of the extrépolation to q2 = 0 do not allow any precise
constraint to be placed on real phoéodisintegration amplitudes by means of

virtual photodisintegration data.



© APPENDIX
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In this Appendix we outline the decomposition of electrodisintegration

into virtual photodisintegration., This is taken mainly from Reference 4; see

also Reference 5,
The basic cross-section for electrodisintegration is
3 3 .32
da’P d’r_ 4P :
1 1 e! " 'p d S:, IMIZ

do = L1
Ty [ 5 i z i
Ve 2Ee ZMH 2w) 'dEe' 2Ep ZEd gpins

e = Incident electron

e' = Recoil electron
'H = He3

p = Proton

d = Deuteron .

We neglect the mass of the electron.

M= %2 jU Ju is the matrix elemeunt in the one-photon exchange approximation

where ku ig the virtual photon 4-vector.

| 2 >
2 11 41 S+ 1
Z’ | Tkt 2 ju Jv 2 Yy o T Luy Tuv '

spins electron hadron
spins spins

L is well-known:
Hv

L = 8male e' +e e' + k_ § ) = 8Bna & .
Hv u v v i 2 v 1Y)

We can now separate the cross-section into electron and hadron parts:

%

, - ,
E , L7 ' dP d
_ o e : uv 1 1 P d ...
do = 1772 E, dhg v 420 |°‘2MH(2W)2 ZEP 2F, Tuvl ’




The second bracket would be the cross-section for photodisintegratioﬁ if it

alsc contained the factor

1 1 ks 1 1
- . 3 - __>_ - + .
V(y-He )REL ZEY lkl 2ko 2|k|
This introduces a factor 21?‘ into the left bracket. Iﬁl is a function

of k2(= —q2) and its physical significance is unclear. We replace it by
2 2
W o- MH

K= —a—
2

following ﬁand6), K and lﬁl approach each other as k2 goes to zero, but K
is independent of kz.

L v carries the information about the polarization of the virtual photon.

The polarization delsity matrix, v ? is related by

Euv
Te ~ a2 fw

uv

‘where ¢ is the polarization parameter mentioned previously. The separation of

1/(1-¢) out of € v is a convention suggested by the explicit evaluation of gﬁv .
{

The factor q2 is needed to normalize & .

pv
Now we have
3> 3
do = 5o A S EP [—1 L 1 T dee T:I
2 2 e . t t 7l
27 Ee q 1-¢ e e! |2K _2MH (2n) 2Ep 2Ed Uy Tuv

We note that we need only be concerned with the spatjal components of Epv

and Tuv by invoking current conservation
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In the Y~He3 c.m, frame, kz is the only non-zero component of ﬁ, choosing

" the z axls in the photon's direction. Thus

2
. : k
- jp Ju = Jg Jx + Jy Jy + EE— jz Jz
We can write e T = ¢,, T,. provided the z—components of g,, are k2/k2
Uy Tuv 13 713 ij 0

- 4
times those of € (so ¢ is k4/kE times that of € ). An evaluation of
uv zZz o uv ‘

eij in the y—He3 c.m, frame gives

(1+e) /2 ' 0 /eL(1+e:)/2
eij = 0 (1~€)/2 0
feL(l+e)/2 0 ep,

5
where. g, = ﬁg-e and € ig given as before in terms of laboratory quantities.

The axes are chosen with the photon in the +z direction, and the plane of
interaction as.the x-z plane, If e, were zero, the remaining Eij would be the
density matrixlfor a photon beam with (1+te)/2 of the photons polarized in
the x-direction, and (I-€)/2 in the y-direction. Hence the description of

€ as the amount of transverse linear polarization.

We can now write the electrodisintegration cross—section as

d20/dE , 42, = I'do_
e e Y

with T as given above and



dUY = (ddxx + dcyy)/Z + e(dcxx - ddyy)/Z + e ddzz + /ZEL(1+E) ddxz .

using the fact that Tij is symmetric. In another common notation

dcxx = doy,
do = do
vy €
do . = ch o

To exhibit the angular factors in dUT mentioned in the main text, we need

to convert from spatial polarizations to helicities:

x> = - ([ + > ”.I - 3)/V2 |y> = i(l + > + I - >)//§

|2> = |o>

do, = (do,, +do_)/2 - edo, ¥ o Ve  (T+e) (do, - do_) .

Note that ddlu is the sum of terms like

<P:dIS+IYA!H83><YH’HE3|Slp’d> s

where the p,d and He3 have the same heliecities in both amplitudes, but the
photons have helicities A and w. The angular dependence of dchl is then a sum

of terms like

. _
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Hence do dooo, and do__ have no particular & or ¢ dependence. However,

d0+_ will have a factor sin26 cosz¢ 7

+__|_’

and do dc_o will have sin8 cos¢.

+o?

Thug we can also write



d(:\rY = A+ eB sinze c052¢ + ¢C + vYe(lte) D sind cosd

where
A= (dc“ + qu)/2
, 2 2 B
B sin @ cos ¢ = (dc“ - qu)/Z

C = qzlki dop

10.
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