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@ Same analysis as for 3 hard partons
@ Extension to 4 soft gluons: colour monster, quartic Casimir,. ..
o Prediction of N3L gluon splitting factors at small-x

@ (Squared) currents for soft gqq
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Motivations

@ High-precision LHC data <+ high precision in theoretical
predictions

@ to test our present understanding of the Standard Model
@ to discover (probably tiny) signals of new physics
@ Explicit knowledge of soft/collinear factorization of scattering
amplitudes necessary in resummed calculations at N3LL

@ Calculation of large logarithmic terms can be used to obtain
approximated fixed-order results

@ Soft/collinear factorization provides the theoretical basis of
parton shower algorithms for Monte Carlo event generators
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@ Behaviour of scattering amplitude M ({p«},{q;}) when some
external gluons g; = £g; become soft ({ — 0)
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@ Behaviour of scattering amplitude M({px},{qgi}) when some

external gluons g; = £g; become soft (¢ — 0)
¢+ dy

(Tc‘la)bcztgc
(Tg)bc:_tgb

| (T2)pe=if2be

QCD: J%(q) = J7"(q)eu(q) =

M
=
~~
O
~—
/"
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@ Behaviour of scattering amplitude M({px},{qgi}) when some
external gluons q; = £g; become soft (¢ — 0)

K p
exp
QED:  J(q) = JM(q)en(q) = D —K e, (q)
1 Pk - q
,
K gTa i (Téla)bc_tgc
QCD:  S(q) = S (@)eula) = 3= K Eeu(@) QT
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@ Behaviour of scattering amplitude M({px},{qgi}) when some
external gluons q; = £g; become soft (¢ — 0)

ek P
QED:  J(q) = J*(q)eu(q) = > u(9)
1 Pk 4
)
K a .M (T(?)bc_tgc
, , glip
QCD: J(q) = J**(q)eu(q) = Z b k. ;5u(q) < (T2)bc=—12,
k=1
kpY plt  (T§)pe=if25e
GRAV: J(q) = J’uy(q)SMV(Q) = Kk 5,uu(q)
—1 Pk d
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2 soft gluon emission

A) B) C)

[Catani, Grazzini '00] “‘Independent” + max. non-abelian correlation

Jrnre(ar, a2) = Jii(au) = Ji3(a2) + 1747, (g1, 92) AxB=7%(AB+BA)

o (gy, qo) = if 1%2° Z T2 ViM% (qu, qo)
k&hard

H1H2 — 1 P Pk 1 (P M2 1 . _
Tk (ql’ q2) o pk'(q1+q2){ 2 p-a1 +CI1'Q2 (pk q1°+38"172 pi q2)} (1<—>2)
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2 soft gluon emission

A) B) C)

[Catani, Grazzini '00] “‘Independent” + max. non-abelian correlation

Jnraar, g2) = Jii(qr) = I3 (q2) + 1707, (g1, g2) AxB=7%(AB+BA)

o (gy, qo) = if 1%2° Z T2 ViM% (qu, qo)
k&hard

,ygl,uz(ql,(b) — 1 {Pk Py 41 (pl’g‘qu?+%g“1“2pk-q2)}—(1<—>2)

2p-qar - 91°92

@ conservation of current: g J%12 (g1, qo) c/2(qn) = 0

12
@ Abelian case (f?*¢ = 0): only independent emission

@ QCD: J(1) *x J(2) = colour-correlations with hard partons
(furthermore currents do not commute)
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Tree level current
[ JeJe;

3 soft gluon emission

1 [Catani, DC, Torrini '20]
gﬁk ﬁ ﬁ: @ Eikonal vertices on hard lines
- & @ Exact vertices elsewhere
" ’ ) @ Exact propagators of soft gluons

>&§ wf m (light-cone / covariant) gauges
E) F)
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Tree level current
[ JeJe;

3 soft gluon emission

1 [Catani, DC, Torrini '20]
gﬁk ﬁ ﬁ: @ Eikonal vertices on hard lines
- & @ Exact vertices elsewhere
" ’ @ Exact propagators of soft gluons

>\$§ wf m (light-cone / covariant) gauges

@ Current is conserved on

D) E) F)
3y s colour-singlet states
2
%3 Mi @ Irreducible term has colour
S 5 structure TP 5 farasfsash

J(1,2,3) = J1) # JQ2) < JB) + | Y J1)#T(2,3)] +1(1,2,3)
cyc.123

[(1,2.3)= ) TP Y faeasbyluialb(g gy qs)
k&hard cyc.123

Triple (and quadruple) soft-parton radiation in QCD hard scattering Dimitri Colferai



Tree level current
(o] Je)

Kinematical coefficient of maximally non-abelian term

1 1 KH1 K2 K3 . (3 .
Prx-qi23 L12  pr-q2 pe - q3 pi - 12
©3
k(g3 —q12) /1

I P> px - (g q 2) (_gM1M2 PK - g1+ p;fQ qgl)

Pk - Q3 Pk - 12 qip \2

1

+ = [qu P 87 420,78 pi- (93 — qr2)

d123 d12
+4q5 g7 p + 44657 P g
+ ghth? (q§3 P2+ g1 pe- (g3 — 3%))} } — (1 > 2)

Notation: g; = qi + q; , 123 = g1 + q2 + g3
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Soft factors for colour-ordered subamplitudes

Colour-ordered subamplitudes decomposition [Berends, Giele '89]

M(L--- )= Y  tr(t™-- ") C(1,--- ,n)

perm(1,--- ,n—1)

In the soft limit ko, ...k, — O

c(1,2,--- ,mm+1--- n=s2.mm1C(L,m+1--- n)
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Soft factors for colour-ordered subamplitudes

Colour-ordered subamplitudes decomposition [Berends, Giele '89]

M(L--- )= Y  tr(t™-- ") C(1,--- ,n)

perm(1,--- ,n—1)
In the soft limit ko, ...k, — O

c(1,2,--- ,mm+1--- n=s2.mm1C(L,m+1--- n)

Soft factors in terms of kinematical coefficients
sive = je(1) = (1) k() = 525)
sivak = 7i(1,2) + 3i(1)ii(2) — (i) + (G57)
siiozk = 7i(1,2:3) +7i(3,2:1) — 5 [7i(1,2) i (3) +i(1) (2, 3)]
+71(L,2)je(3) + 3 (1) (2 5e(3) — §41(1) (25 (3) — (G57)
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Squared current

®O00000

Square of soft current

Dirac’s notation in Mg = (L [@ (A Ao M)
colour ® helicity space | M(px, gi)) ~ J(q;)| M (p«k))
M (pk, a)* = (M(pi)| [J(a7)]* IM(pi))
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@00000

Square of soft current

Dirac’'s notation iIn M§\11C)\22.::. aat <C17 ... ‘ ® <)‘17 A2 ... ‘M>

colour ® helicity space  |M(pk, g;i)) =~ J(q;)|M(pk))
M(pk, g1) 1> =~ (M(pi)| [I(a1)” [M(pk))

Current conservation on colour-singlets g,“J 3¢ (..qy..) =¥ J
N

J(q1---qn)|* = {H gww} Joah (g QN)Uﬁll.'.'.'m(ql - qN)
/=1

@ Explicitly gauge invariant

@ Still a colour operator that depends on the colour charges of
the hard partons in M (px)

@ Important simplifications for 2 or 3 hard partons
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Square of soft currents for 1 or 2 gluon emission

@ Single gluon emission i> a a <k

2 ¢ . _ _.
P =— d T Ty Si(q) = W(q) (1T =5, 7777
I,k€hard
S.k(q) — Pi - Pk colour dipoles
Pi- 4 Pk-q
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Square of soft currents for 1 or 2 gluon emission

@ Single gluon emission i> a a <k

J@PE- ) Ti TiSulg) = W(q)
i kehard

Sik(q) — Pi - Pk colour dipoles

Pi-qPk-g

(TiTe=x,7777)

@ Double gluon emission
involves just colour dipoles in irreducible correlation

J(q1, q2)|* = W(q1) * W(q2) + W(q1, q2)

W(q1, ) ==Ca » Ti- Tk Si(q1.q2)
i,kEhard
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Squared current
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Square of soft current for 3 gluon emission

J(q1, 92, g3)|° = W(q1) * W(q2) * W(q3)

i [ Z W(aq1) = W(q27q3)} + W(aq1, g2, g3)
cyc.123

Each W is gauge-invariant
The irreducible correlation involves dipoles and quadrupoles

W(q1.q2.q3) = —C3 Y Ti- Tk Sixlqu, g2, g3)
i k
+ Z Qikim Sikim(91, G2, g3)
iklm
Irred. quadrupoles Qi = %fab’Cd(T,a{T,-C, T,f'}T,ﬁ’1 + h.c.)
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000@00

Square of soft current for 3 gluon emission

@ In strong energy ordering E; < E» < E3 and massless hard partons

seo _ 2(pi : Pk)3
4 3(pi - q1)(Pk - q1)(pi - a2)(Pk - a2)(Pi - 93)(Pk - a3)
3 2(pi - i)’
(91 - @2)(pi - q1)(Pk - 92)(Pi - 93)(Pk - a3)
+ 2Pi Pk + perms. {1, 2,3}

(a1 - 93)(q2 - a3)(Pi - 91)(Pk - 92)

symmetric (!) under exchange of soft gluons momenta q1, g2, g3
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Square of soft current for 3 gluon emission

@ In strong energy ordering E; < E» < E3 and massless hard partons

seo _ 2(pi : Pk)3
4 3(pi - q1)(Pk - q1)(pi - a2)(Pk - a2)(Pi - 93)(Pk - a3)
B 2(pi - pK)°
(91 - @2)(pi - q1)(Pk - 92)(Pi - 93)(Pk - a3)
+ 2Pi Pk + perms. {1, 2,3}

(a1 - 93)(q2 - a3)(Pi - 91)(Pk - 92)

symmetric (!) under exchange of soft gluons momenta q1, g2, g3

@ Quadrupole kinematical coefficient

seo pi * Pk { (Pm - p1)(pPr - Pi)
(Pi - a3)(Pk - a3)(pr - 91)(Pm - a2) “3(p; - a2)(pi - q1)

Sikim =

}—|—(1<—>2)

Pm - Pj [p/-p; P Pm +2PI‘Pk]+PI'Q3 [2Pm'Pi Pm - 43

3pi - G2 | Pi-q1  Pm-q1 Pk Q1 93-91 | Pi- a2 93 - 92

symmetric (!) in the exchange q; < go.
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Collinear singularities of squared currents

@ | M|? singular (not integrable) when momenta of two or more
of external massless legs become collinear
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Collinear singularities of squared currents

@ | M|? singular (not integrable) when momenta of two or more
of external massless legs become collinear

@ 1 gluon emission: singular when g >~ z pg

5 pi - 0ip + 0kB
J(q T, T, ~-5NT, T,
e
_ Ts-(-S"T.)& {

zZpg-q ,; pB-q Z Ca (B=g)

@ absence of colour correlations = colour coherence
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Collinear singularities of squared currents

recall |J(1,2,3)]° = W(1) « W(2) « W(3) + [ Z W (1) x W(2,3)] + W(1,2,3)

cyc.123

Expansion in irreducible correlations reduces collinear singularities of W's
o W(2,3)

c; double-collinear limit of the 2 soft gluons (exact P51”g2)

c> triple-collinear limit of the 2 soft gluons and a hard parton
9 W(17 27 3)dipole
c3 double-collinear limit of 2 soft gluons (exact)
S . L
cy triple colllnear. limit f)f .the 3 soft gluons (exact PLY ..)
cs quadruple-collinear limit of 3 soft gluons and a hard parton C

] ] SS/ I
— soft limit of P2 - (new!)

@ W(1,2,3)quadrupole has no collinear singularity!
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3 hard partons
@0000

3 hard partons

Consider amplitudes with 3 hard partons A, B, C plus soft gluons
(and colourless objs)

o {A B, C}={g,q,q} or {A B, C} ={g,g,g} (flavour cons.)
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3 hard partons
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3 hard partons

Consider amplitudes with 3 hard partons A, B, C plus soft gluons
(and colourless objs)

° {A,B,C}=1{g,q,G}
@ Only 1 possible colour-singlet state: (a87|gqd) = 3=

q " 4y

@ L. &
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(and colourless objs)

° {A,B,C}=1{g,q,G}
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@ |J|? is colour conserving, thus c-number
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3 hard partons
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3 hard partons

Consider amplitudes with 3 hard partons A, B, C plus soft gluons
(and colourless objs)

° {A,B,C}=1{g,q,G}
@ Only 1 possible colour-singlet state: (a87|gqd) = 3=

@ |J|? is colour conserving, thus c-number

(g1 qn)lead) = |ga@) [J(a1 - an) g

IM(piy g1+~ an)|? = [M(pe) 2 | (ar - an) 2

@ c-number soft-gluon factorization formula is valid
at arbitrary loop orders
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3 hard partons

Consider amplitudes with 3 hard partons A, B, C plus soft gluons
(and colourless objs)

9 {A,B,C} ={g,g,g} (flavour cons.)
@ Two colour-singlet states, with &1 charge conjugation
(abe|(ggg)r) = if?%¢ (abc|(gge)q) = d**°

9 "2 " On
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3 hard partons

Consider amplitudes with 3 hard partons A, B, C plus soft gluons
(and colourless objs)

9 {A,B,C} ={g,g,g} (flavour cons.)

@ Two colour-singlet states, with &1 charge conjugation

(abc|(geg)r) =if?*  (abcl(gge)q) = d°°
J(q1---qn)| [(ge8)r.a) = 1(g28)r,a) [H(ar- - an)l7 4

[J|? is a 2 x 2 colour-matrix, diagonal in the {f, d} basis
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3 hard partons

Consider amplitudes with 3 hard partons A, B, C plus soft gluons
(and colourless objs)

9 {A,B,C} ={g,g,g} (flavour cons.)

@ Two colour-singlet states, with &1 charge conjugation

(abc|(geg)r) =if?*  (abcl(gge)q) = d°°
J(q1---qn)| [(ge8)r.a) = 1(g28)r,a) [H(ar- - an)l7 4

[J|? is a 2 x 2 colour-matrix, diagonal in the {f, d} basis

o [J(qr---qn)l7 # |J(q1- - qn)[§ for N >3
Quadrupole colour correlations (vanishing on d-state) remove

degeneracy
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3 hard partons
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3 hard partons: Radiation at tree level of 1 or 2 gluons

Dipoles oc Casimirs: Ta- Tg|ABC) = 3(Cc — Ca— Cg) |ABC)

Rewrite W(qy --- qn) = —%Cz_l ik Uit Tewi(gr---qn)
wag = Sag + Sga — Saa — SsB
WABC = WAB + Wac — WBC

o [J(q)|agc = Cs wac(q) + Ca wapc(q)
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3 hard partons
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3 hard partons: Radiation at tree level of 1 or 2 gluons

Dipoles oc Casimirs: Ta- Tg|ABC) = 3(Cc — Ca— Cg) |ABC)
Rewrite W(qy --- qn) = —%Cz_l Z,-)k T Tyrwi(qgr---qn)

wag = Sag + Sga — Saa — SBs

WABC = WAB + Wac — WBC
o [J(q)|apc = Cs wac(q) + Ca wasc(q)

o [J(q1, Q2)‘,24\BC — CE; wec(q1) wec(qgz2) +
CeCa [wac(q1, g2) + wac(q1) wasc(g2) + wac(g2) wasc(q1)]
+C% [wasc(q1, 92) + wasc(q1) wasc(g2)]

@ dependence on colour state of hard-partons entirely expressed
through the Casimir coefficients C4 e Cp

@ Casimir scaling: ABC - 2qq gog
CB : CF CA

Dimitri Colferai
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000@0

3 hard partons: Radiation at tree level of 3 gluons

@ Dipole term: Casimir scaling

2.di
J(q1, 92, 93) 456 = Ci wac(q1)wac(q2) wac(qs)

+ C5Ca [wac(q1) wac(qg2,q3) + - -]
+ CgC; [wece(q1, g2,q3) + - - -]
+ Ci [wasc(q1, 2, G3) + wasc(a1) wasc(q2) wasc(qs) + -+ ]
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3 hard partons
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3 hard partons: Radiation at tree level of 3 gluons

@ Dipole term: Casimir scaling

2.di
J(q1, 92, 93) 456 = Ci wac(q1)wac(q2) wac(qs)

+ C5Ca [wac(q1) wac(qg2,q3) + - -]
+ CgC; [wece(q1, g2,q3) + - - -]
+ Cf\ [WABC(Qh 2, 93) + wasc(q1) wasc(92) wasc(qs) + - }

@ Quadrupole term: (sizeable) Casimir scaling violation O (N ?)

‘J(q17 ao, CIS) /a,g%ad = >\BNC W/Zﬂéac(-i(qh qo, q3)
lgad) : Ar=1/2,  [f):Aa=3, [d):A=0

WXE?;dE [SaBas—SaBea+Sasca—SaBac+Ssaac—Ssaca | +perm{A,B,C}

collinear safe w.r.t angular integration over soft-gluon momenta

Triple (and quadruple) soft-parton radiation in QCD hard scattering Dimitri Colferai



3 hard partons
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3 hard gluons: radiation at tree level of N gluons

@ Strong energy ordering: £ < Er < --- < Ep

M (pr, qi) 7 =~ [M(pi) I [I(a) lzmee {1+ O (NZ2) ) (new)
J(qi)|252° = CA pa-ps PB-Pc Pc-Pa Feix(pa, PB.Pc, G1,+ » qn)
1
Foic(ki, -+ km) = [(ki - ko) (ko - k3) ... (km—1 - knt)(km - ki)
+ ineq. perm{ky,--- , ky}

in terms of multi-eikonal Fg;x [Bassetto Ciafaloni Marchesini 83]

@ The 2 eigenvalues of squared current become degenerate, up to
colour suppressed terms

Triple (and quadruple) soft-parton radiation in QCD hard scattering Dimitri Colferai



2 hard partons
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2 hard partons

q N

q1 '] - '] qN 1 '] - q
2 B o

& e

ST

s .

@ {B,C}=1{q,q}or {B,C} ={g, g} (flavour cons.)
@ 1-dimensional colour spaces = c-number factorization

@ Non-abelian effects are in SU(N_) colour coefficients

J(q1, ¢2, 93)|5c = C2 wac(q1) wac(qz) wec(qs)
+ CACalwac(q1) wac(qz, g3) + cyc.perm.(123)]
-+ CB CE\ WBC(q17 adz, q3)

@ Casimir scaling valid up to 3 soft gluons
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2 hard partons
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2 hard partons

@ Strong energy ordering with 2 hard gluons: check of /Bcv)
link a Feix]

J(q1-qn)|5e° =2 CY (pg-pc)*Feix (P8, pcs a1+ qn) + O (NY72)
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2 hard partons
0O®000

2 hard partons

@ Strong energy ordering with 2 hard gluons: check of /Bcv)
link a Feix]

J(q1-qn)|5e° =2 CY (pg-pc)*Feix (P8, pcs a1+ qn) + O (NY72)

@ If one soft gluon is much harder than the others
(EN > E17 ) EN—l)

J(q1-qn)|ze = [(an)|Be | (a1 -an—1)|asc
PA = dN

4 soft gluon sq.current constrained by 3 soft gluon sq.current
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2 hard partons
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2 hard partons, 4 soft gluons

Expansion in irreducible correlations

J(1,2,3,4)]7 = W(q1) * W(q2) * W(q3) * W(qa)
+ [W(aq1, g2) * W(q3) * W(q4) + ineq. perms. {1,2,3,4}]
+ [W(q1, q2) * W(g3, ga) + ineq. perms. {1,2,3,4}]
+ [W(q1) * W(a2,93,q2) + (L < 2) + (1 < 3) + (1 + 4)]
+ W(aq1, 92, g3, 94)

Action on a colour-singlet |BC) state when E4 > Ej 53

2,dip

’J(]w 27 37 4)’%3(: — CB WBC(q4) |: - ABNC Wz?;?:d(qla ao, q3)i|

New irreducible correlation: leading + subleading colour

W(q1---qa)lec = CB {CA Wgc)( - qa) + A Nc Wésc)(ql e CM)}
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2 hard partons
eJeYe] Jo)

2 hard partons, 4 soft gluons, energy ordering

W(q1---qa)lec = Cg [CE\ wi2(qr- - qa) + AeNe wid (qr - - CM)}

@ Exact colour structure for massive hard particles and arbitrary
soft energies; Kinematical coeffs. known in energy ordering

@ Last term is related to quartic Casimir
4
CB )\B NC =2 DL: — 1—12 CB CE\ Dg dimension of B representation

@ Generalized Casimir scaling: Cp — Cua, dﬁ\? o dﬁ\éz
@ First correction to multi-eikonal BCM formula {B, C} = {g, g}
‘J(l’ .. 74)

2,se0

6
se. =2Calps - pc)’ Fe(,-k)(ps, pc,q1, 92,43, Ga)

5,
+ 3 Ng WécseO)(qla ad>,qs, q4)

Triple (and quadruple) soft-parton radiation in QCD hard scattering Dimitri Colferai



2 hard partons
0000e

2 hard partons, 4 soft gluons, strong ordering

L S
W(q1---q4)lsc = CB [CE\ W[(ac)(ch -+ qa) + AN Wz(ac)(ch e Cl4)}
@ [Dok Kho Mue Tro 91] examined 4 soft gluon radiation
from 2 massless hard partons in strong energy ordering . ..

@ ...and found a contribution ~ CgN.
from colour monster
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2 hard partons
0000e

2 hard partons, 4 soft gluons, strong ordering

L
W(q1---qa)|lec = CB [CE\ Wl(gc)(ch' - qa) + A Nc WBC(Cll Cl4)}
@ [Dok Kho Mue Tro 91] examined 4 soft gluon radiation

from 2 massless hard partons in strong energy ordering . ..

@ ...and found a contribution ~ CgN.
from colour monster

@ Our results are fully consistent with the colour monster . ..

(4)
d:
@ ...related to quartic Casimir Cg A\pg NC =258 — 1—12 Cg CE’\

(5)

@ wpg has collinear singularities = add /e in coll.ev.kernels

(4)

contribute to [¢ysp term that violates CaS|m|r scaling
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Soft gqq
°

Soft gluon-quark-antiquark: dipoles and tripoles

Ciz Qﬁf Qﬁg J(1,2,3) = J(1) % J(2,3) +T(1,2,3)
§ § % r1,2,3)= > T¢ ({ta t7} Vk *Y(q1, 2, 93)
o k€E€hard

- + [t7, t7] ’Y;((na)(ch, q2, Q3))
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Soft gqq
°

Soft gluon-quark-antiquark: dipoles and tripoles

Ciz Qﬁf Qﬁ J(1,2,3) = J(1) % J(2,3) +T(1,2,3)
§ § % r1,2,3)= > T¢ ({ta t7} Vk *Y(q1, 2, 93)
0 k&hard

. + [£?, t7] ’y,((na)(ch, gz, Q3))

1J(1,2,3)]% = [J(1)]? * |J(2,3)]? + W(1,2,3)

W(1,2,3) = { Z T1- Ty CAS(,(A)(CI1,¢72,CI3)+ CF5,-(kF)(q1,Q2,CI3)}
ik Ehard
+ > T Sum(ar, 42, 03) } Tad) = N dPeTITETS,
ikmé&hard a,b,c
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Soft gqq
°

Soft gluon-quark-antiquark: dipoles and tripoles

C]:?% Qﬁé Qﬁ J(1,2,3) = J(1) x J(2,3) +T(1,2,3)
: gi ﬁ % r(1,2,3) = Z ¢ ({ta t7} Wk ®)(q1, g2, q3)
@ k&hard

. + [£?, t7] ’y,((na)(ch, gz, Q3))

1J(1,2,3)]% = [J(1)]? * |J(2,3)]? + W(1,2,3)

W(1,2,3) = TR{ > Ty T [CaS (a1, a2, 3) + CESY (a1, a2, 43)]

ikEhard
E (d)s (d) — E : dabc TaT Tc
+ 77km /km(qla qz, q3) 77km = i Tk
ikmé&hard a,b,c

o 5,.(kA) purely non-abelian. SI.(kF) and Sj,, are present for g/~-lepton-antilepton, too

@ |J(1,2,3)]?> becomes a c-number on amplitudes with 2 or 3 hard partons
@ Agreement with [Del Duca, Duhr, Haindl, Liu '22]
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Conclusions
o

Conclusions

@ Computed tree-level current for triple soft parton emission
@ in terms of irreducible correlations for 1,2,3 gluons.
o Obtained explicit results for colour-orderes subamplitudes
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Conclusions
o

Conclusions

@ Computed tree-level current for triple soft parton emission
@ in terms of irreducible correlations for 1,2,3 gluons.
o Obtained explicit results for colour-orderes subamplitudes
@ Computed tree-level squared current
@ 3-gluon correlation involves colour dipoles and quadrupoles
@ Collinear behaviour consistent with collinear factorization and
angular ordering features. Quadrupoles are collinear safe.
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Conclusions

@ Computed tree-level current for triple soft parton emission
@ in terms of irreducible correlations for 1,2,3 gluons.
o Obtained explicit results for colour-orderes subamplitudes
@ Computed tree-level squared current
@ 3-gluon correlation involves colour dipoles and quadrupoles
@ Collinear behaviour consistent with collinear factorization and
angular ordering features. Quadrupoles are collinear safe.
@ With 3 hard partons: c-number factorization
@ quadrupoles break Casimir scaling Cr— C4 when hard ggg — ggg
@ generalization of multi-eikonal BCM with 3 hard gluons
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Conclusions
o

Conclusions

@ Computed tree-level current for triple soft parton emission
@ in terms of irreducible correlations for 1,2,3 gluons.
o Obtained explicit results for colour-orderes subamplitudes
@ Computed tree-level squared current
@ 3-gluon correlation involves colour dipoles and quadrupoles
@ Collinear behaviour consistent with collinear factorization and
angular ordering features. Quadrupoles are collinear safe.
@ With 3 hard partons: c-number factorization
@ quadrupoles break Casimir scaling Cr— C4 when hard ggg — ggg
@ generalization of multi-eikonal BCM with 3 hard gluons
@ With two hard partons: extended analysis to 4 soft gluons
@ Presented the full colour structure; kin.coeffs in energy ordering
o Found col-monster contrib. (~ N 2) related to quartic Casimir
o Generalization of Casimir scaling ( Cr— Cyp dﬁ\i) — dﬁ\a
@ Colour-monster term has collinear singularities and contributes
to the cusp anomalous dimension at ag
o Computed first correction O (1/NZ) to multi-eikonal BCM
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Conclusions
(@)

Quartic Casimir

Here we are interested in contributions with quartic color factors which we abbreviate as
4 ;
dx(y) = dbedd)?de, (2.6)
where x,y labels the representations with generators 7, and
abed 1 a b cpd .
i = = gTr(T,, T’ T T + five bcd permutations ) . (2.7)

In SU(n,), for fermions in the fundamental representation (trace-normalized with TF = %),

d /n, = %ng(ng‘—e—%)? (2.8)
|

di)/n, = 25 ne(nZ +6), (2.9)
|

did in, = 5 (n2 =6+ 18n.%) . (2.10)

The dimension of the adjoint representation is related to np = n. = C4 by n, = (nf —1) =2n.Cr.

Terms with quartic Casimir invariants occur for the first time at four loops, the order considered
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