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Exclusive large-momentum-transfer
scattering

Dimensional counting rule:

d_a oc S-(NznA+nB+nC+nD-2) f(%)
dt AB—CD

For
vd — p(high p,) + n(high p,)

N=1+6+3+3-2=11

s'do /dt (kb GeV®)

do

do
“~(E.=1GeV/c)/ —(E. =4GeV/c)=10*
dt( y ) dt( , )
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We use the reference frame 2Where ,
7 M / M
pa = (a0, Paz, 1) = (35~ + 55, v >~ 0),
with s = (¢ + pg)?, s’ = s — M3,

and the photon four-momentum is ¢ = (

1/S/
2 9

[ -The knocked-out quark propagator.j

1 m2 + p3
(k1—|—q)2—m2:x15’[(1—|——/(M§— f_ih))oz
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(1 —x1)z18 x18'

rym3 + k3 —I—mg(l — 1) P szku]

-We are concerned with momenta such that p? < m% < s’ and a ~ 5 so we
neglect terms of order p? ,m3; /s’ < 1 to obtain:

(k1 4+ q)? — mg + i€ %@w’(a — Q. + ie),)

rym% + k3| .
(1— 21)215 looking for o, ~

1
2

O = contribution  (2)

2
Here 5 = s'(1 + %) and mp is the recoil mass of the spectator quark-gluon
system of the first nucleon.
- The integration over ki, in the region k% e, % > a:lmQR does

provide o, = %
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- Keeping only the imaginary part of the quark propagator (eikonal approx-
imation) leads to a = «, and corresponds to keeping the contribution from the
soft component of the deuteron wave function.

Next we calculate the photon-quark hard scattering vertex—@(k14q)|v. |u(kq)
and use Eq. (2) to integrate over «

-By taking into account only second term in the decomposition of struck quark

(ﬂ’ﬁ(kl + Q) [_ieelu()\fy)’yu] ’U,a(k’l) p— i€q2 2E2E1(_)\7)55,Oz5>\7,a )




Mds A A dp)= 30 /:[N_ V== ane](d = oo

(n1,m2),(&2),(A1,\2)

(
TABT]2 Ala)\
,CC,]f . v 7 y ,]{7
{W P8 Ty Rad) g oy — ko) g T ) s, (1 — b+ ) P PRI ELL)
2 1

am( 252 (po o k) dry d?kyy dzo dkoy

%7
72 )y 30 T — 13 202007

PB, xl) le)

U, (pa — k1)[—igT, v"|ue, (p2 — k)

(1)

)¢N($1,pu, ku)
L1

v (ks + g

.GV

(1)




Frankfurt, Sargsian, Strikman, Phys.Rev. Lett 2000

~
(Aa, A, | Ag, | Ay, Ap) = Z / Qi f (Ocm) «

/
(7717772)7(52)7()‘17>‘2) 28

(12, A | (11, Aa | AGrar (5, 17) A1, Ay ) [Aag2) x BP0 (e, p 1 )

S
\V)
i
I_
N

Notation used | Anucleon s )\quark>

Assuming A\ = A,

Brodsky,Carlson,Lipkin Phys.Rev.D 1979

NN => NN 1
(V| AQrhrlab) = 5@’V Y LI+ 7] F (s, )|ab)
1€a , JEbL
Ynp=>np
1
(a’ b/’AQIM‘aw la,beD = §<a/b/| Z (i lj+7 7] (Qi+ Q) Fi i (s, ) |ab) = (Qu+Qa)(a’ b/|AQIM|ab>
t€a , jJEb

pn ~
(Qu + Qa)(d’ b/|AQ1M\ab> :@a/b/Ap”ab>. AQ]M ~ Apn




<p>\A7n)\B | A | )"yaAD Z
3\/23

(<p>\A s A p |Apn(57 tn) |p>\'y ) n>\2>_ <p
Aas Mg |Apn(87 un)|n>\7p)\2>)

>\D7>\’77>‘2 ’

/ v (e, p1 ) TP
(2m)?

(1)

Ap.A
WAD A1 A2 — (QW)%\IJJ{[D’M A2
0 _|_ w AD,A
Vm L Syaléy P




GLUON  EACHANGE

ANTHILLATION

S R G

= COMPARE PP = PP  4wd PP = PP Cmpss
SELTIONS

~ 17 AT e ﬁﬂﬂ
~ 0.0 AT Ben = do°






R.Feynman
Photon Hadron Interactions




NN —> NN

B —
R.Feynman
Photon Hadron Interactions




NN —> NN

e
R.Feynman
Photon Hadron Interactions
before




NN —> NN

1 ~ 1 Ty 1
R.Feynman
Photon Hadron Interactions
before




NN —> NN

1 ~ 1 Ty 1
e
R.Feynman
Photon Hadron Interactions
before after




.
.
.

xl2 ~ 1 an®
R.Feynman
Photon Hadron Interactions
dfter




R.Feynman
Photon Hadron Interactions




R.Feynman
Photon Hadron Interactions




R.Feynman
Photon Hadron Interactions




R.Feynman
Photon Hadron Interactions




Frankfurt, Miller, M.S. Sargsian
PRL 2000
2

doP" =P (s, 1) d’p |

)— /‘IféVR@z = 0.0 )VImN s

t

e 2
> =

e
P

3 3.5 4

—
[\°]
T | TTT | TTT | T 1T | T 1T

p—t
<

[

[
[==

2 . . . S.

10

[

eA
[\
>
<%]
Q
=
-
~—
-
z
©
=
=
7]

wn
()
=

T
|
>

+

1.5 2 : 3 : 4 : 5 5.5
E, (GeV)

[y




[

A

s"do/dt (kb-GeV?")

|

e
—

225 25 275 3 325 35 375 4 425 45
EY , GeV

[\9)

<
N
>
D
&
=
=
~
-
=
0
=
—
—
17,1

=]

100 120 140 160



N B N B B B R R B B RN R
#llab F99-00% — - — HEM

OILab ER9-012 AMEC |
Os1L.AC NES — — = RKMNA
ASLACNEIT = = = = QGS f"'

a) E=1.6 GeV

A
-
r"'-'-
-
=
=
—
=

[
=

= ol

S0 100 120 140 160 180
ﬂt - (degrees)




O5SE,<06GeV

o sy

e,
o

N
o
o

0.7 E,<0.8Gev

ﬁ%ﬁﬁ%

0.6 £,<0.7GeV

D.D.D.D%] f
o

N
(e}
o O

—
(e}

0.95E, < 1GeV

o
ogdoVo (19 ,.‘

0.8<E,<0.9Gev

[av N e}

—
g O
[a»)

11SE <1.26eV

1S E, < 1.1 GeV

N
O
9]
[
)
+
(0]
N
0
c
)
G
O
N
o
O

o 145 E,<1.5GeV

1.6£ £, < 1.7 GeV

Mirazita, et al, Phys. Rev. C 2004

172 E < 1.8GeV

N
(@ a»)

—_—
o

g O

do/dQ (nb/sterad)

O
m~E

4\ L “ml

255 E,<26GeV

FIG. 7: (Color) Angular distributions of the deuteron photodisintegration cross section measured by the CLAS (full/red circles)
in the incident photon energy range 0.50 — 1.70 GeV. Results from Mainz [26] (open squares, average of the measured values
in the given photon energy intervals), SLAC [5, 6, 7] (full/green down-triangles), JLab Hall A [10] (full/blue squares) and
Hall C [8, 9] (full/black up-triangles) are also shown. Error bars represent the statistical uncertainties only. The solid line and
the hatched area represent the predictions of the QGS [18] and the HRM [27] models, respectively.
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FIG. 8: (Color) Same as Fig. 7 for photon energies 1.7 — 3.0 GeV.




Specifics of Hard Rescattering Model

Helicity Selection Rule

- Photon selects nucleon in the nucleus with helicity = to its own

- Due to dominance of Helicity Conserving amplitudes in NN
scattering, photon helicity will propogate to the helicty of

one of the final nucleons.




Polarization Observables
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- Hard Photodisint

Magnitude of pp vs.

egration of pp pair: Y —|—3 He — pPp +n

pn hard photodisintegration

At low photon energy

, < 0.5GeV/c

o(y *He = pp)/o(y ’'He — pn) =1%

pb/MeV/sr?
3 3 L =

do/ dp, d0?, 4R,

_
o
1

-

MEC is the dominant process

300

Laget NP A497 (89) 391,

pp pair : only a neutral pion can be exchanged,
400 . . .
£, (MeV) its coupling to the photon is weak.

(Saclay data). - Three Body Processes are Dominant




Hard Disintegration of pp from 3He

Brodsky, Frankfurt, Gilman,Hiller,
Miller,Piasetzky,M.S. Strikman
Phys.Lett. B 2003
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do 14\ 2 8oy doPP (spp,tn) 1 3 d?par
_ - ) - \Ij He " M ,
dtdp,, (15) s— M2 a2 Z/ (P1, P2 pn) V M 5,

spins

where s = (Py + Pige)?, t = (Py — Py) spp = (Py + Pspe — Pn)?, and
tN = (Pa — O‘ppp>2 ~ %t-




- Hard Photodisintegration of pp pair:
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- Hard Photodisintegration of pp pair: MS, Carlos Granados 2007
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Polarization Observables
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Conclusion and Outlook

- High Energy Photodisintegration of Few Nucleon System
may eventually provide a framework of probing the

QCD structure of NN force

- Hard Rescattering Mechanism represents one such example

- pp disintegration data are crucial for verifying the validity of
the HR mechanism

New Venues

oc(yD—ATTAT) ~| A(NN—ATTA™) ‘2

- Hard disintegration into Delta pairs

Y

o(yD—pn) A(NN—NN)

- Hard Disintegraion into Strange Baryons




