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Total Scattering Cross
Sections in QFT

Consider the total scattering cross section for neutral particles

o(s) = / i >(A

t some measure of traverse momentum
transfer at intermediate stage of calculation

This integral is dominated by
the region t <K s



Power Counting Exercise

Break up integral into regions with
distinct power counting parameters

1. s~t>A A= A/(t,s) SCET-1

2: t << s AN=1t/s SCETII-like

Consider region 1: There must exist some underlying hard event
which must be integrated out generating some higher
dimensional external operator

S~ Clst) [ d'adubnfin s ~ X



Region 2: No underlying hard interaction, at the scale ¢
generate the interaction
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“V7 ~ 5(Qj+)5(x_) ]og(x2 ) Strong analogy with NRQCD, Coulomb
1 .
kernel is dressed by soft gluons




Note: no hard interactions to all orders in
perturbation theory. The scale
s = (p1 + p2)°
plays no dynamical role.

Consider the dressing of the Glauber
kernel by soft gluons

f(s/t, t/m?)
t
The scale s can only show up in logs:

log(py /v) + log(p— /v) 4 log(t/v?) = log(s/t)
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RG can not hope to capture the logs, need RRG
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Matching onto the action
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baS|S 99 _ m~eB L ~Bc 1 gC 99 o8 1 o1 40
C’)BC — Qo 7)2 530 . Must allow for soft
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Matching Soft-collinear Operators “

Matching is identical to the collinear-collinear
case
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Final Glauber action
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The form of the collinear operators are fixed but the
soft can have a much more general form

04 =8na, y GO O = P STSPL,
' 0y = PMSTS, Py,

O3 = PL-(9B%,)(S1 Sn) + (S; Sa)(9B%,)-PL
Oy = PL-(9B&,)(SESn) + (S1.8)(9B%,)-PL
O5 = Py (Sy Sa)(9B41) + (953 ) (i Sa) Py
O = Py (S2 Su)(9Bg1) + (9B (Sh Sn) Py
O7 = (9BY) S, Sn(9B5, ,,)
Os = (9BY) 5% Sn(9B3, )
Oy = ST, 7, (igG"™) Sy

O10 = STn, i, (igGH*™) S,

Need to match up to 2 gluons to fix all
of the coetfticients



Not at all obvious that one collinear emission
can be matched given that there are non-local
TOP’s which contribute in the EFT

n w,A ~ -
n ’ SAL s

Z %M NS E-T from
P -

Wilson line

non-locality only eliminated after using k- A=0
the on-shell condition

similar matching works for gluon operators



Matching Soft Operator
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Matching all polarizations w/o using on shell
conditions at 1-gluon
(simplifies 2 gluon matching)



First row is reproduced by TOP’s in EFT




Co=C1=C5=Cs=0Cg=C10=0],

1
Ch=-C3=—-C;=+1, 092—5.

OBC = sms{Pﬁ&f SiP1y— PrgBdi SESy — SLSngBu Pl — 9B SLSngBY, ,

nuny

BC
STigGH Sy, } .

At one gluon level this operator reproduces the Lipatov
vertex and generalizes it to arbitrary number of gluons.
The form is uniquely fixed to all loops as there are no
hard corrections to the theory.



Matching at one loop

Glauber Loop Exegesis: Two insertions of  O,,55

r, k+ X k+
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/ d% 2k, dk* dk~
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a2k, dkt dk~
Igebox = 2 N = - . _ = B L .
2R )Ry +@0)% (k40§ = (Ri+d1/2)%/p; +i0) (+h~+p7 —(RL+71/2)?/p{ +i0)

IGbOX —

Neither integral is well defined. In the Abelian limit the sum of the two integrals is well defined.
However to calculate the Cs piece we need the individual diagrams to be well defined

Introduce a rapidity regulator | 2q3/v |77



, / 492k, dkO dk7 k2|2 (v)2)2
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= a2, First term in build up of
~@ @m0 Glauper Phase

s there a Non-Abelian contribution to the phase?
Yes coming from soft loops

The Abelian phase is universal as it does not care
about the the spin of the collinear lines.



We can also consider soft-collinear forward

scattering
n—»—?-—k—;??)—?—>—n n—»—o.—kj)z-??’—’—)—n
k+qh: Py k kegN o R
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k—p4 —]C—pl

Just the boost of the previous case, yields
the same result but now the the glaubers
carry (A%, 0%)

Can tweak regulator to |k — Bk_ |"
Insure homogenous scaling

Gives same result as
collinear-collinear



Other source of rapidity divergences are the
Wilson lines which need to be regulated

_ ~g [w]2P?| 2 ) —g [wl2P? |2
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Note we regulate every gluon to be consistent with
the Glaubers (important for zero bin cancellation)



Zero Bin Subtractions

Soft, Collinear and Glauber all overlap

S=5_56 c,=0,-c¥ -+l

y 4
7
5 ‘8(\* e G This is why we don’t see the
_ N Glauber in hard matching
N Y7

Using the rapidity regulator many of the zero-
bin diagrams vanish but crucially not all as in
this example.



One loop matching

Full Theory Graphs ;
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EFT Diagrams
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Soft Total — .tg S:?'”{ — %h(e,uQ/mQ) - %9(6,#2/?5) —4ln (f—;) In (_—j)

2wt (1) 2w (5) - 5+ S
% onn 4
|- gn(5) -5 Includes "%
counter term
Note: no UV poles for «
Collinear = & S {gemtime) Lotcnsn i (%) m (25) o () 4 5}
total + M;‘g Syn [ — 41n? (T—z) —121n (T—j) — 14]. \ (112)

combining collinear sectors
Ins/v? =1In(n-p/v) +1In(n - p/v)
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Even though the rapidity divergences cancel we
must renormalize the factorized operators

Collinear mixing:

@’gbare — VO'FL : 67?(”7 :u) 3

Soft single index ops:

odrare — Vi . O4 (v, 1),

Sn
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Re-sum the logs Iin parton-parton
scattering, simplest to run collinear sectors
(no TOPSs)

Structure is Fixed

d
VE(O%A + O054) = 1 (O3 + 037 Vdi(OZ”A + 09 4) = 75 (04 + 094
1%

mixing leads to

, , Vv = Vaw + Yoy = Vnp T Vn
universality

Which we can extract

. |4
So allwe needis  Tn . .
from matching calculation

Gluon Reggeization



Summing Logs in IR safe quantities

Consider observables for which the soft radiation is not
measured. For this class the RRG equation will reduce to the
BKFL equation

Consider the total cross section for hadron scattering try to
capture s dependence

/—dt /dt S™ (pubn | Xo, Xy Xa)O(H(PY, P))(Xg, Xy X | P

X N

insert L”

Running the soft function of Glauber operator

04t (ar,d)) = 08%(q1,d)) + / d'z T [0 (q1) + 07 (q1)] [074(¢)) + 094 (d))] -
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BFKL equation e

Soft functions evolution is given by the
BFKL equation



Open Directions:

Indenumerable



