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Lecture 3

Scattering without emission




Next: Scattering without emission

Same starting point,

Note: we are again ignoring
the fragmentation function
during the derivation
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Higher order diagrams from multiple
scattering, lets ignore emissions for the

moment and only include scatterings




The guiding principle, general comments

For every factor of), only include that part that is really big!

The emissions gave us large log€xh

That will not be the case in scattering.
However we can get large factors of length and or density, how?

If scatterings donOt dramatically change virtuality then jet can sample a lart
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Kinematics

In every scattering there is an exchange of 4-momentum

: U
p!
Jet has forward light-cone momentagn®> [ its virtuality
2
q+:2:?. 0 assume ; =0

(g+k)>—p*—0

To maintain the jet virtuality = 2kTk~ —k3 +2ktq~ +2k—q" =0
for subsequent scattering k2

= kT ~
2(g- — k™)




More kinematics

2
Jet is a time-like currentwith ¢ ! Q, q* ! i 12Q, I " 0

Q

Say In the amplitude, the jet scatterg and in the c.c. It scatters)ak!x

IXx* ~ 1/Q, X ~ ~ Q/u?, requiring causality 1x? > 0

1
= !X2L<2!X+!X_NF =K ~p="Q

" is a small dimensionless quantity: ratio of jetOs virtuality to its energy
thus k1 ! AQ, k7! XQ, 0<k™ " AQ, thus K #$ k7 <0
If k" 1Is much larger than this then the jet will go time like off-shell and radia
We are just ignoring this possibility for the moment

If k" 1s smaller, then the jet will go space-like and will have to scatter

If k'1s much larger, this will become a radiated gluon which will have to scs
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Further considerations

If we require a factor of length with every appearancésof
Then we can ignore the following diagrams

We only need to consider ladder diagrams

S ! Sincek? ~ - ("Q)? >>! qcp?
GOa0q0 | g g quff we really mean
% é 15 3 % . See-
AP O AP
—> %O %O KO % % K yJ—» Even though we always draw the

jet outside the medium




LetOs start calculating (again!)
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Simplifications simplifications simplifications!

I #TL /’#,—1
= exp | 1D; éyr,, + Zp; éy§
overall phase factor: g "7 (
#n -1
i=0 =0

thepOs are the momenta exchanges at each of the quark scattering vertic
2 —
pr! AQ, pT ! AQ, p ! AQ

We can usé to identify the leading terms in the calculation.
We donOt make any assumptions about the structure of the medium
Thus will leave the vector potentials (A) as Is, but will usé gsaling

We are in the Breit frame: quarks and gluons in the nucleons with large (+)
component of the momenta, solve MaxwellOs equation with these sources

AY(x1) = /d4Y1D“! (X1 ! y1)Jdi (Y1)




Simplifying
" M1 and
dk* d?k iy s
/ (24)32k* u(k)age + ...

ignoring factors of 2 and "
d3kd3k! # g+ " - kl'C| )e" i(k" k) ayo
k+ k'* (k # k!)z

JU

I (Yo)
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note: k and kO scale as Q{#} {ap,a,,} ~ 537 —p) ~ (\2Q%)" !
fz_w+ u!l @ (k — k!)Z — pz N )\zQz

d3k | )\2@3’ d3k! _ d3p| >\4Q2
AT ~18Q°(12Q%)TMQ/ (Q1*Q%) ~ 1Q

A~ )\BQ Thus we only need to include A
+ to get the leading power
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Further simplifying

Thus the numerator looks like
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Imposing color constraints

Note: because of the $ functions, the scatterings on the amplitude and
complex conjugate are completely ordered.

In order to get the maximum length enhancement, we need each
gluon to come from a different nucleon

Each nucleons final color (after losing a gluon) in the amplitude has

to match that in the complex conjugate. | |
Assuming translational

| ﬁj Invariance in each nucleon
g g g ‘ g g g — /— 42 | 2 /i + | + |/I 1
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Expanding out the %-function
| "n T4 +2
. " 1" p a# q |
2, 0 P L) = —12(0,)
i =1

Note: while we keep saying %-function, in reality this is a narrow Gaussi:
Putting all of this together we get the case for n-scattering as
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callthe[...]ad "D
to get the full W&we need to sum over n going from O to infinity
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Use a differential technique

_ P
on ="

1 -
= W ~ (VP 1"6%(1L) L"D"

This Is a diffusion equation (taking a normalized solution)
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Use a differential technique

dQWu!
On = 5 "
d“l |

1 -
= W ~ (VP 1"6%(1L) L"D"

This Is a diffusion equation (taking a normalized solution)
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Why the normalized solution

) i ;
what about diagrams like these

| |

These have lower transverse momentum for the cut quark but same L-factor
And they are negative.
Integrating out the transverse momentum, completely removes the L enhance
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