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Summary

� Framework: PerturbaƟve QCD, assuming factorizaƟon of hard and soŌ

scales

� The charge is derived from QCD asymptoƟc symmetries at leading order

in the large radius expansion

� The states are dressed according to the Faddeev-Kulish construcƟon: the

coherent states were studied by S.Catani,G.Marchesini and M.Ciafaloni in

the 90’

� Infrared-finite S-matrix defined from the soŌ Möller operators at leading

logarithmic order in the soŌ divergences

� The inserƟon of the charge with an ordering prescripƟon gives rise to a

Ward idenƟty at one-loop leading logarithmic order

� Ordering ambiguiƟes arise in the order of soŌ limits which give rise to dif-

ferent interpretaƟon of the same result

A new exciƟng one-loop Ward idenƟty in QCD with FK dressed states at leading logarithmic order!

Charges and coherent states definition
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Using retarded radial coordinates for I+

ds2 = − du2 − 2dudr + 2r2γzzdzdz with γzz = 2
(1 + zz)2

the leading YM soŌ charge in the Lorenz gauge ∇µAa,µ(x) = 0 is

Q lin
ε =

∫
I+

d2zduεa(z , z) [∂u(∂zAa
z + ∂zAa

z)]

We split the QCD Hamiltonian into soŌ and hard parts

H I(t) = HE
h (t) + HE

s (t)

where in the eikonal regime at late Ɵmes the soŌ hamiltonian receives con-

tribuƟon also from non-linear self-interacƟons of the gluons. The soŌ Möller

operator reads

ΩE = Pωexp

[ ∫ E

λ

d̃q Jq · Πq

]
where Πa

µ(q) = aa
µ(q) − aa†

µ (q) is the famous displacement operator and

J a
q µ = gYM

∫
ωq

d̃p
[
ρa
f (p) + ρa

g(p)
] pµ

p · q

The infrared finite S-matrix is defined as

SE = ΩE
−SΩE†

+

One loop Ward identity calculation

[Q lin
ε , S ] = −[Qh

ε ,
SE

]

At leading log order the dressing factorizes in colour space so that

‖{pi , αi}〉〉 ≡ ΩE†|{pi , αi}〉 =
∏
i∈in

Upi E
αi βi

(Π)b†
βi

(pi)|0〉

and at tree level we have

〈〈{pf , αf }‖ [Q lin
ε , S] ‖{pi , αi}〉〉 = −

[ ∑
`∈out

Qh
ε (p`) −

∑
`∈in

Qh
ε (p`)

]
M(0)

n

where M(0)
n is the n-parƟcle tree level scaƩering amplitude and the hard

charge is

Qh,a
ε (p) = −8π2

∫
d̃q δ(ω)

√
γzz

[
∂zεa(q̂)ε− · p

q · p + ∂zεa(q̂)ε+ · p
q · p

]
At one-loop leading log there aremanymore contribuƟons andwe have found

different results according to the ordering in whichwe’re taking the soŌ limits:

Qlin
ε

Ordering O1

Qlin
ε

Ordering O2

〈〈0‖Q lin
ε S‖in〉〉

∣∣
O(g3

YM
)

O1= − g2CA
16π2ε̂2

∑
`∈in

Qh
ε (p`)〈〈0‖S‖in〉〉

〈〈0‖Q lin
ε S‖in〉〉

∣∣
O(g3

YM
)

O2= 0 + O( 1
ε̂ )

While in the first case the Ward idenƟty receives pure one-loop correcƟons

(which may be included in the hard charge), in the second case we have found

that the Ward idenƟty is unaltered by loop effects:

〈〈out‖[Q lin
ε , S]‖in〉〉

∣∣
O(g3

YM
)

O2= 0 + O( 1
ε̂ ) .
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