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Structure multi-parton amplitudes in QCD

e Infra-red structure of 7, F#** (Drell-Yan) and 1,70 (Higgs production) in SU(IN)
gauge theory using dimensional regularisation (n — 4 = ¢)

e Universal structure of single pole % and connection to AdS/CFT.

QCD effects at LHC

e Fixed order IN3 LO Soft gluon corrections to

1. Higgs production

2. Drell-Yan (di-lepton) production
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Structure multi-parton amplitudes in QCD

e Infra-red structure of 7, F#** (Drell-Yan) and 1,70 (Higgs production) in SU(IN)
gauge theory using dimensional regularisation (n — 4 = ¢)

e Universal structure of single pole é and connection to AdS/CFT.

QCD effects at LHC

e Fixed order IN3 LO Soft gluon corrections to

1. Higgs production

2. Drell-Yan (di-lepton) production

Threshold resummation beyond 1 — «

e Renormalisation and Factorisation invariant approach beyond leading 1 — a order.

e Predictions from Single and Two-scale ansaetze
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Factorisation-UV and IR renormalisation

28 doP1P2 (r,m?) = Z fPa(m) ® % (r) ® 28d6°"7 (r,mj),
ab
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Factorisation-UV and IR renormalisation
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e Collinear(mass) singularity factorises: (Infra-red divergence )
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Factorisation-UV and IR renormalisation
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ab
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Factorisation-UV and IR renormalisation

28 doP1P2 (r,m?) = Z fPa(m) ® % (r) ® 28d6°"7 (r,mj),
ab

e Collinear(mass) singularity factorises: (Infra-red divergence )

1 1 )
do'ab("'a—) Zrca (TaMF, —> & Tas (T,HF,—> Q@ d&ca(T, ur)

EIR, €IR

- 1
In MS Factorisation Scheme fa(Typur) = Tap (7-7 HF —) fBb(T)

€IR

e Renormalised version of parton model:

25 dot1 P2 (Ta mizp,):Z Jo (7spnr) ® fo(mour) ® 28 de® (Ta mizp,a FLF) )
ab

(e o)

e s i) = 5 (S 0 (i,
1=0
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Higgs production at LHC

Harlander, Kilgore, Anastasiou, Melnikov, Smaith, van Neerven, VR
mpg /2 < pur = pr < 2mpy
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Infra-red structure of QCD amplitudes in n = 4 4+ € dimensions

Ashoke Sen, Mueller, Collins
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Infra-red structure of QCD amplitudes in n = 4 4+ € dimensions

Ashoke Sen, Mueller, Collins
Quark and Gluon Form factors:

Drell — Yan : Fi(as,Q?, u?,¢)

—1
< q(p) | Y¥* ¢ | q(p’) > [ﬁ(p')'YMU(P)]

. s -~ 1 v
Higgs:  F9(as, Q% u?,e¢) —5 <9(p) | Tr[G" Gp.] | g(p’) >
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Infra-red structure of QCD amplitudes in n = 4 4+ € dimensions

Ashoke Sen, Mueller, Collins
Quark and Gluon Form factors:
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Infra-red structure of QCD amplitudes in n = 4 + e dimensions

Ashoke Sen, Mueller, Collins
Quark and Gluon Form factors:
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Universality of single pole

VR,Smith,van Neerven
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Universality of single pole
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Two loop results for "¢ and F9 in SU(NN) solves the single pole problem:
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Universality of single pole

VR,Smith,van Neerven
Two loop results for "¢ and F9 in SU(N) solves the single pole problem:

G's have interesting structure:

Gi(e) = 2(31—’)’1)+.f1+25k bk
k=1
Gi(e) = 2(Bf —~i)+ f3 — 2009, +Z€"’ &
Gi(e) = 2(Bf —~}) + ff + OB, ¢) i=1,2,3

e ~/ are UV anomalous dimensions of F! and

Moch, Vermaseren and Vogt

L BiI are collinear anomalous dimensions of twist-2 quark and gluon composite operators.

® The soft anomalous dimensions fiI satisfy

Ca
P ===17r t1=1,2
Cr ’

® |tis confirmed by explicit three loop (z = 3) results by Moch, Vermaseren and Vogt

- p. 6/20



Drell-Yan and Wilson loops

G.P. Korchemsky, A.V. Belitzky
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Q? dopy (z, Q%)

G0 = TbyHpY (@) Woy (2)
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Drell-Yan and Wilson loops

G.P. Korchemsky, A.V. Belitzky

> dopy (z, Q?)
Q dQ?

via the Fourier transform, WDY (2z), of the vacuum average of the Wilson loop

= o0y Hpv (Q*) Why (2)

— Q S / 0
WDy(z) — E/ %ezyowWDY(y),
— 00

1
where Wpy (y) = F(O|TrT’Pexp <zg?£ dx, B, (a:)) |0),
c Cpy
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Drell-Yan and Wilson loops

G.P. Korchemsky, A.V. Belitzky

> dopy (z, Q?)
Q 402

via the Fourier transform, WDY (2z), of the vacuum average of the Wilson loop

= USJ%HDY(QZ)WDY(Z)

— Q S / 0
WDy(z) — E/ %ezyowWDY(y),
— 00

1
where Wpy(y) = —(0|Tr7Pexp ig?! dx, B, (x) | |0),
Ne Cpy
Renormalisation group equation:

(uai + B(9) ai) In Wpy (y) = 2Tcusp(g) In L(y) + I'py (9),
[ g
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Drell-Yan and Wilson loops

G.P. Korchemsky, A.V. Belitzky

2 dopy (2,Q%) (0
dQ? a

via the Fourier transform, WDY (2z), of the vacuum average of the Wilson loop

Q

py (Q%) Wpy (2)

_ > dun -
Wby (2) = 2/ %ezyowWDY(y),
oo 2T
1
where Wpy (y) = F(O|TrT’Pexp <zg?§ da:“B“(a:)> |0),
c Cpy

Renormalisation group equation:

o o
(u— 1 B(g) —) In Wiy (3) = 2Teusp(9) In L(y) + Ty (9),
ou dg
Soft anomalous dimension I'py is now known upto two loop level:

I'py(g) = D ail\y, i=1,2

We find ril = rd i=1,2
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Multi-parton amplitudes (MPA) in QCD

Catant, Aybat, Dixon, Sterman, Magnea

- p. 8/20



Multi-parton amplitudes (MPA) in QCD

Catant, Aybat, Dixon, Sterman, Magnea
e Consider a process:

M >: a(p1) + b(p2) — c(p3) + d(pa) + - - - + n(pN)
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Multi-parton amplitudes (MPA) in QCD

Catant, Aybat, Dixon, Sterman, Magnea
e Consider a process:

M >: a(p1) + b(p2) — c(p3) + d(pa) + - - - + n(pN)

e Single pole of the multi-parton amplitudes in QCD can be decomposed as follows:

In | M > = ¥ E(Gf(e)jurf(tf,s))

stnglepole I—legs

where T'! (t1, €) depends on the kinematics.
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M >: a(p1) + b(p2) — c(p3) + d(pa) + - - - + n(pN)

e Single pole of the multi-parton amplitudes in QCD can be decomposed as follows:

In | M > = ¥ %(GI(e)—I—I‘I(tI,s))

stnglepole I—legs

where T'! (t1, €) depends on the kinematics.

Gi(e) = 2(B] —~}) + f] + OB, ¢) i=1,2

o GI(e)arerelatedto < 0|®3, (o0, 0)P3, (0, —o0)|0 > where

A2
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A1
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Multi-parton amplitudes (MPA) in QCD

Catant, Aybat, Dixon, Sterman, Magnea
e Consider a process:

M >: a(p1) + b(p2) — c(p3) + d(pa) + - - - + n(pN)

e Single pole of the multi-parton amplitudes in QCD can be decomposed as follows:

In | M > = ¥ %(GI(e)—I—I‘I(tI,s))

stnglepole I—legs

where T'! (t1, €) depends on the kinematics.

Gi(e) = 2(B] —~}) + f] + OB, ¢) i=1,2

o GI(e)arerelatedto < 0|®3, (o0, 0)P3, (0, —o0)|0 > where

A2

D3(A2, A1) = Pemp[ig/ dAB-A(A,B)]

A1

e The peculiar combination| 2(B! — ~1) 4+ f! |appearsin GI (¢).
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Universality in the strong coupling region from AdS/CFT

L.F. Alday
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Universality in the strong coupling region from AdS/CFT

L.F. Alday
e N = 4 Yang-Mills theory is conformal (C4 = 2Cr = N¢.)
dg
2 s
= = 0.
MR b2, B(gs)
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Universality in the strong coupling region from AdS/CFT

L.F. Alday
e N = 4 Yang-Mills theory is conformal (C4 = 2Cr = N¢.)
dg
2 s
= = 0.

® |nfra-red divergences of the on-shell multi-parton amplitudes exponentiate to all orders in
coupling gs (weak coupling perturbative result).

Adiv(e) = T exp(ZAr() +Grxe)
I=legs

where A = g2 N. /8 /m, A;()\) are cusp anomalous dimensions and Gy () are collinear
anomalous dimensions.
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Universality in the strong coupling region from AdS/CFT

L.F. Alday
e N = 4 Yang-Mills theory is conformal (C4 = 2Cr = N¢.)

py 9gs
R
dp

= B(gs) = 0.

® |nfra-red divergences of the on-shell multi-parton amplitudes exponentiate to all orders in
coupling gs (weak coupling perturbative result).

1 1
Asiv(e) = ] exp (A1) + ZGr(x )
€ €
I=legs
where A = g2 N. /8 /m, A;()\) are cusp anomalous dimensions and Gy () are collinear
anomalous dimensions.
® Gr(A) = 2Bjr(M) + 1 fis universal, where representation dependent constants ¢, = 1

andcg = 2.

e Bj(A) are related to energy of the classical strings spinning on AdS and are related to
anomalous dimensions of twist-2 operators with high spin.
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Universality in the strong coupling region from AdS/CFT

L.F. Alday
e N = 4 Yang-Mills theory is conformal (C4 = 2Cr = N¢.)

py 9gs
R
dp

= B(gs) = 0.

® |nfra-red divergences of the on-shell multi-parton amplitudes exponentiate to all orders in
coupling gs (weak coupling perturbative result).

1 1
Asiv(e) = ] exp (A1) + ZGr(x )
I=legs € €
where A = g2 N. /8 /m, A;()\) are cusp anomalous dimensions and Gy () are collinear
anomalous dimensions.
® Gr(A) = 2Bjr(M) + 1 fis universal, where representation dependent constants ¢, = 1
andcg = 2.
e Bj(A) are related to energy of the classical strings spinning on AdS and are related to
anomalous dimensions of twist-2 operators with high spin.

® |n the strong coupling using AdS/CFT, Alday has computed G(\) and B(\) to show the
universality

Gr(3) = 2B1(3) + &1 22 (=1 — 25 + 5108(2) + 2log() — log(V))
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Soft gluon cancellation

V. Ravindran
oV (z,Q?%,es,ec) - Virtual soft gluon

(1F*12)
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UXb(zv Q?,es,ec) - Virtual soft gluon aaRb(z, Q?,es,ec) - Real soft gluon
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Soft gluon cancellation

V. Ravindran
UXb(zv Q?,es,ec) - Virtual soft gluon aaRb(z, Q?,es,ec) - Real soft gluon

(IF'1?) (®)5)

® ¢, - soft gluon regulator
® c. - collinear parton regulator

e Soft plus Virtual is soft gluon divergence free:

R+V
aab+ (Z’QzaEC) — Uc‘sz(zanassaed + Ufb(zan’ESaEC)
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Soft gluon cancellation

V. Ravindran
UXb(zv Q?,es,ec) - Virtual soft gluon aaRb(z, Q?,es,ec) - Real soft gluon

(IF'1?) (®)5)

® ¢, - soft gluon regulator
® c. - collinear parton regulator

e Soft plus Virtual is soft gluon divergence free:

R+V
aab+ (Z’Qzasc) — o'c‘sz(zaQ2758’€C) + Uc?b(zan’ESaEC)

Only collinear partons remain
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Factorisation of Collinear partons

Due to the massless partons, collinear singularities appear in
e the phase space of the real emission processes

® |oop integrals of the virtual corrections
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® |oop integrals of the virtual corrections

R4V
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c,d

(Bare) (Mass Factorised)

- p. 11/20



Factorisation of Collinear partons

Due to the massless partons, collinear singularities appear in
e the phase space of the real emission processes

® |oop integrals of the virtual corrections

R4V
aab+ (2, Qza €c) = Z Cea (2, I"’%‘ s€c) @Tap(2, U’%‘a ec) @ Acal(z, Qza I"%‘)
c,d

(Bare) (Mass Factorised)

DGLAP kernels satisfy Renormalisation Group Equations:

d
dy%

1
IJI%‘ F(za ll'%‘aeC) — EP(Z, IJ%‘) I (za M%‘aec) .

- p. 11/20



Factorisation of Collinear partons

Due to the massless partons, collinear singularities appear in
e the phase space of the real emission processes

® |oop integrals of the virtual corrections

R \%
+ (Z,Q2 EC) Zrca(zaﬂ%‘aGC) ®I‘db(zaﬂ%‘350) ®Acd(zaQ2aF‘%‘)
c,d

(Bare) (Mass Factorised)

DGLAP kernels satisfy Renormalisation Group Equations:

d

1
_—quz ®I‘zp,2€ .
i TP (,03) ®T (=, 4 <)

T
The diagonal terms of the splitting functions P(*) (z) have the following structure

Py (z) =2|Bl ,6(1 —2) + AL, Do| + BL) [,(2),
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® |oop integrals of the virtual corrections

R \%
+ (Z,Q2 EC) Zrca(zaﬂ%‘aGC) ®I‘db(zaﬂ%‘350) ®Acd(zaQ2aF‘%‘)
c,d

(Bare) (Mass Factorised)

DGLAP kernels satisfy Renormalisation Group Equations:

d

1
——quz ®I‘zp,2€ .
i TP (,03) ®T (=, 4 <)

T
The diagonal terms of the splitting functions P(*) (z) have the following structure

Py (z) =2|Bl ,6(1 —2) + AL, Do| + BL) [,(2),

1
Do = ( ) , pW jrare regular when 2z — 1.
_I_

'reg,
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Soft plus Virtual at N3LO and beyond

Catani, Sterman, VR
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Soft plus Virtual at N3LO and beyond

Catant, Sterman, VR
Using "factorisation” of UV, Soft and Collinear:

I=q,9 mn=4+e¢

SIv,P(z9 q27 ll'%%, ll'%?‘) = Cexp <\Il§3(z, q27 /1'%27 /1%‘75)>
e=0
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Soft plus Virtual at N3LO and beyond
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Using "factorisation” of UV, Soft and Collinear:

I=q,9 mn=4+e¢
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Soft plus Virtual at N3LO and beyond

Catant, Sterman, VR

Using "factorisation” of UV, Soft and Collinear:

I p(2.a° uh, uE) = Cexp (‘I’fa(z,qz,u?z,u%,e)> I=qg n=4+¢

e=0
R 2 ~ T/~ 2
Uh (2, q%, phs upre) = <1n(ZI(as,u?z,u2,€)) + In |F(as, Q2% p?,€)| )5(1—2)

+2 @é(&s,qz,uz,z,s) — 2 mCIHFII(&S,LLZ,LL%‘,Z,E)

o Zl(as,p%, pn?,€) is operator renormalisation constant with p is mass parameter in
n = 4 + e dimensional regularisation — N3 LO
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+2 (I)p{(a'saqzaﬂzazae) — 2 mCIHI‘II(a'87FL27FL%‘7zae)

o Zl(as,p%, pn?,€) is operator renormalisation constant with p is mass parameter in
n = 4 + e dimensional regularisation — N3 LO

o Fl(as,Q?, u2,e) is the Form factor with Q2 = —g? — N3LO
o & l(as,q?, n?,z,e¢) is the soft distribution function — N3LO level

e I'yr(as, pu?, u%, z, ) is mass factorisation kernel — N3LO

m = for DIS/ete™, m=1 for DY, Higgs
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Scale variation at N®LO,gy for Higgs production

Moch,Vogt, V. Ravindran

R = 2NiLO (1)
oniro(Ho)
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Scale variation at N®LO,sy for Higgs production
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Scale variation at N®LO,sy for Higgs production
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Scale variation at N®LO,sy for Higgs production

Moch,Vogt, V. Ravindran

R = 2NiLO (1)
oniro(Ho)
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e Scale uncertainity improves a lot
® Perturbative QCD works at LHC
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Rapidity distribution do/dY of Higgs at N°>LO,sv

J.Smith, W. van Neerven, V. Ravindran
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Rapidity distribution do/dY of Higgs at N°>LO,sv
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Rapidity distribution do/dY of Higgs at N°>LO,sv

J.Smath, W. van Neerven, V. Ravindran

R = 2NiLO (1)
oniro(Ho)
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Scale uncertainity improves a lot
Perturbative QCD works at LHC
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Rapidity distribution do/dY of DY at N°LO,sv

J.Smith, W. van Neerven, V. Ravindran
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Rapidity distribution do/dY of DY at N°LO,sv
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Rapidity distribution do/dY of DY at N°LO,sv
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Rapidity distribution do/dY of DY at N°LO,sv

J.Smath, W. van Neerven, V. Ravindran

R = 2NiLO (1)
oniro(Ho)
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e Scale uncertainity improves a lot
® Perturbative QCD works at LHC
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Soft gluons beyond leading 1 — a order

Laenen, Magnea, Moch,Vogt, Grunberg, VR
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Soft gluons beyond leading 1 — a order

Laenen, Magnea, Moch,Vogt, Grunberg, VR
Consider DIS structure function:

Fo(z, Q%) /x = ) Caj(x,Q% u%) ® fa,(z, u3)
J

Renormalisation and Factorisation invariant Kernel K (x, Q?):

dCz (x, Q*, u%.) 'dz
D) [ K2, QM) Ca(x QP k)

e The kernel is called Physical Anomalous dimension
e Renormalisation and Factorisation invariant
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Soft gluons beyond leading 1 — a order

Laenen, Magnea, Moch,Vogt, Grunberg, VR
Consider DIS structure function:

Fo(z, Q%) /x = ) Caj(x,Q% u%) ® fa,(z, u3)
J

Renormalisation and Factorisation invariant Kernel K (x, Q?):

dCz(z, Q2, u3.) L dz
dan2 E :/w ?K(ZB/Z,QZ)CQ(Z,QZ,[J%‘),

e The kernel is called Physical Anomalous dimension
e Renormalisation and Factorisation invariant

K(xz,Q?*) = P(xz,as) + B(as)(di(x) + d2(x) as + dz(x) a2 + ...)

- p. 16/20



Soft gluons beyond leading 1 — a order

Laenen, Magnea, Moch,Vogt, Grunberg, VR
Consider DIS structure function:

Fo(z, Q%) /x = ) Caj(x,Q% u%) ® fa,(z, u3)
J

Renormalisation and Factorisation invariant Kernel K (x, Q?):

dCz(CBaQZ,IJ%) _
d1ln Q2 N

1
/ %K(m/Z,QZ)CQ(Z,QZ,ﬂ%‘) ’

e The kernel is called Physical Anomalous dimension
e Renormalisation and Factorisation invariant

K(xz,Q?*) = P(xz,as) + B(as)(di(x) + d2(x) as + dz(x) a2 + ...)

di(x) = ci(x)
d2(m) = 2c2(z) — ()
dz(z) = 3cz(z) —3cz2(z) ® ca(z) + 7 (2) ,

where C ; = 6(1 — ) + 3., _, akcp(x) as = as(Q?),
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Ansatz beyond leading 1 — x order

Grunberg, VR
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Ansatz beyond leading 1 — x order

Grunberg, VR
Ansatz with Jo and Jo:

K(z,Q°) = Kresum(x, Q%)+ |Jo (Wz) In(1 —x) + Jo (Wz) + O (r In? r) .
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Ansatz beyond leading 1 — x order

Grunberg, VR
Ansatz with Jo and Jo:

K(z,Q?) = Kresum(x,Q?) + [j() (W2) In(1 —z) + Jo (W2)] + O (r In? r) .
Renormalisation group invariance:
W2

J (Wz) = Jias + aﬁ (_jLBO In (@) ‘|‘j2>

Jo (W?)

WZ
joza? + a2 (—2j02,30 In (§> -+ j03> + ....

where

W? =
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Ansatz beyond leading 1 — x order

Grunberg, VR
Ansatz with Jo and Jo:

Kx,Q%) = Kresum(z,Q?) + [jo (W?) In(1 — z) + Jo (W2)] + O (rln® 7).

Renormalisation group invariance:

2
T (W?) = jias+ a2 (—jlﬁo In (%) +j2>

Jo (W?)

QZ

where 1 —x

W? = Q2.

T

Explicit result on Ca (x, Q?) upto two loops fixes:

i = A j2 = A2 4+ 3CFr o
jo2z = 141.8(1s — 11CFr 3o 302 = A%

WZ
joza? + a2 (—2j02,30 In (—) -+ j03> + ....
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Ansatz beyond leading 1 — x order

Grunberg, VR
Ansatz with Jo and Jo:

Kx,Q%) = Kresum(z,Q?) + [jo (W?) In(1 — z) + Jo (W2)] + O (rln® 7).

Renormalisation group invariance:

W2
J (Wz) = Jias + aﬁ <_j1,30 In (@) +j2>
WZ
Jo (Wz) — j02a'§ + ag (_2j02,80 In (@) -+ j03> + ...
where W2 — 1_wQ2.
£r

Explicit result on C2 (x, Q?) upto two loops fixes:

i = A j2 = A2 4+ 3CFr o
jo2z = 141.8(1s — 11CFr 3o 302 = A%

Does not predict anything at two loops! But it predictions at "three loops".
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Order a? prediction from the Ansatz Grunberg, VR
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Order a? prediction from the Ansatz Grunberg, VR

K® (2,Q%)|ansat= ~ al| —2jo280 In*(1 — ) + (260 (4180 — joz) + jos) In(1 — =)

+(—7181 — 280 j2 + jo3) | + -..
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Order a? prediction from the Ansatz Grunberg, VR

K® (2,Q%)|ansat= ~ al| —2jo280 In*(1 — ) + (260 (4180 — joz) + jos) In(1 — =)

+(—7181 — 280 j2 + jo3) | + -..

The ansatz thus predicts

1. that the leading O(=°) logarithm at ©(a3) in K(x, Q?) should be a double logarithm, and

2. that its coefficient should be —23p280 = —2C280 = —2.A2 39, which can be compared
to the O(a3) exact result.
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Order a? prediction from the Ansatz Grunberg, VR

K® (2,Q%)|ansat= ~ al| —2jo280 In*(1 — ) + (260 (4180 — joz) + jos) In(1 — =)

+(—7181 — 280 j2 + jo3) | + -..

The ansatz thus predicts

1. that the leading O(°) logarithm at ©(a?) in K(x, Q?) should be a double logarithm, and

2. that its coefficient should be —23p280 = —2C280 = —2.A2 39, which can be compared
to the O(a?) exact result.

O(a3) exact result:
K(w9 QZ) = Qs P()(iB) + a'g [Pl(m) — Bo c1 (w)]
-+ ag[Pz(CB) — 1 cl(a:) — Bo dz(ic)] + ....
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Order a? prediction from the Ansatz Grunberg, VR

K® (2,Q%)|ansat= ~ al| —2jo280 In*(1 — ) + (260 (4180 — joz) + jos) In(1 — =)

+(—7181 — 280 j2 + jo3) | + -..

The ansatz thus predicts

1. that the leading O(°) logarithm at ©(a?) in K(x, Q?) should be a double logarithm, and

2. that its coefficient should be —23p280 = —2C280 = —2.A2 39, which can be compared
to the O(a?) exact result.

O(a3) exact result:
K(m9 QZ) = Qs P()(iB) + a'g [Pl(m) — Bo c1 (m)]
-+ ag[Pz(CB) — 1 cl(m) — Bo dz(ic)] + ....

e e find that ansatz predicts the correct logarithmic structure but with wrong numerical
coefficients.

e it predicts 24C?2 log?(1 — ) instead of the correct 32C% log?(1 — ).
F F
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Order a? prediction from the Ansatz

Grunberg, VR
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Order a? prediction from the Ansatz

Grunberg, VR
® d>(x) contains less power of logarithms for a given color factor then c2 (). The resulting
necessary cancellations in d2 () allow to constrain c2 () given ci (x).
e predicts correctly the leading logarithms ("‘pl(_;;“’) and In? (1 — @)) for a given color factor

in c2 () and also their coefficients which are equal and opposite
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Order a? prediction from the Ansatz

Grunberg, VR
® d>(x) contains less power of logarithms for a given color factor then c2 (). The resulting
necessary cancellations in d2 () allow to constrain c2 () given ci (x).

e predicts correctly the leading logarithms ("‘pl(_;;“’) and In? (1 — @)) for a given color factor

in c2 () and also their coefficients which are equal and opposite

Cs CFrBo
M 8 8 0 0
1—x
In3(1 —x) | —8 —8 0 0
n*(-z) | 48| _18 | —2 | —2
1—x
In?(1 —x) | 60 64 2 2
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Two scale Ansatz and Order a? prediction

Grunberg, VR
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Two scale Ansatz and Order a? prediction

Grunberg, VR

(0 @%) = Kreaun (@) + [ (T (W?) — S0 (W2)) 11— 2) 4 35 (W) — 0 (W2)] +

where W2 = (1 — 2)2Q?,
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Two scale Ansatz and Order a? prediction

Grunberg, VR

K(2,Q2) = Kreaum (@, Q%) + [ (Jo (W2) = 8 (W?)) In(1 — @) + Zo (W?) — 50 (W2)] +

where W2 = (1 — )2Q?,

—_——

(Fo (W?) — S (W?)) Inr

a? (jo2 — 502) In(1 — x)

-+ ag’ — 2,80(302 — 2502) ln2(1 — :13) —+ ...

+  a?|3B83(joz — 4502) In®(1 — x) + ] + ...
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Two scale Ansatz and Order a? prediction

Grunberg, VR

K(z,Q2) = Kresum (, Q%) + [(jo (Wz) — & <ﬁ’/2)) In(1 — =) 4+ Jo (Wz) — So <ﬁ//2)] +
where W2 = (1 — 2)2Q?,

(jo (Wz) — 50 <W2)> Inr = az (302 — 502) ln(l — :B)

-+ ag’ — 2,80(302 — 2502) ln2(1 — :13) —+ ...

o

+ a

3,3(2)(302 — 4502) ln3(1 — a:) —|— ] —|—

Using available results to order a3, we find

joz — 502 = 16C%

2(302 — 2502) = 24012;‘
- _ 88

3(jo2 —4502) = ?C%‘

Third equation is inconsistent with the first two implying the failure of Two- Scale Ansatz.
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Two scale Ansatz and Order a? prediction

Grunberg, VR

K(z,Q2) = Kresum (, Q%) + [(jo (Wz) — & <ﬁ’/2)) In(1 — =) 4+ Jo (Wz) — So <ﬁ//2)] +
where W2 = (1 — 2)2Q?,

(jo (Wz) — 50 <W2)> Inr = az (302 — 502) ln(l — :B)

-+ ag’ — 2,80(302 — 2502) ln2(1 — :13) —+ ...

o

+ a

3,3(2)(302 — 4502) ln3(1 — a:) —|— ] —|—

Using available results to order a3, we find

joz — 502 = 16C%

2(302 — 2502) = 24012;‘
- _ 88

3(jo2 —4502) = ?C%‘

Third equation is inconsistent with the first two implying the failure of Two- Scale Ansatz.
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4 i~ti -
Order a’; prediction from the Two-Scale Ansatz Grunberg, VR
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4 i~ti -
Order a’; prediction from the Two-Scale Ansatz Grunberg, VR

® d3(x) contains less power of logarithms for a given color factor then ¢z (). The resulting
necessary cancellations in dz (x) allow to constrain ez (x) given ci(x), c2 ().

e predicts correctly the leading logarithms (w and In? (1 — @)) for a given color factor

in c3 () and also their coefficients which are equal and opposite
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Order a% prediction from the Two-Scale Ansatz

Grunberg, VR

® d3(x) contains less power of logarithms for a given color factor then ¢z (). The resulting
necessary cancellations in dz (x) allow to constrain ez (x) given ci(x), c2 ().

e predicts correctly the leading logarithms (
in c3 () and also their coefficients which are equal and opposite

InP (1 x)

and In? (1 — @)) for a given color factor

C%,nf C’F,Bg
In°(1—=) 0 0 0 0
1—x

In®(1 — x) 0 0 0 0
In?(1—=x) 40 40
ar ?40 ?40 v v
In®(1—=2) | _280 | _280 | 4 4
g1 1832 2 3, 3,
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Order a% prediction from the Two-Scale Ansatz

Grunberg, VR

® d3(x) contains less power of logarithms for a given color factor then ¢z (). The resulting
necessary cancellations in dz (x) allow to constrain ez (x) given ci(x), c2 ().

e predicts correctly the leading logarithms (

1—x

)

InP (1—

and In? (1 — @)) for a given color factor
in c3 () and also their coefficients which are equal and opposite

Ciny Cr B3
1n5(1—a:) 0 0 0 0
1—=
In®(1 — x) 0 0 0 0
1n4(1—a:) 40 40
1—x 9 9 0 0
In(1 — x) —4—90 _% 0 0
n®(1—=) | _280 | _280 | 4 4
1—=x 9 9 3 3
In3(1 — x) 1332 64 _% _g
Cy CZCa
1n5(1—w) 8 8 0 0
1—=
In®(1 — x) —8 —8 0 0
In?(1—=x) 290 220
11—z —30 —30 — 220 __220
1—= 9 5
Int(1 — ) 92 92 % %
3
IZ-2) | _96¢2 —36 | —96¢2 —36 | —32¢2 4+ 1732 | _32¢, 4 1782
ln3(1 — @) 32(2 — 38 32(2 — 38 642 — %776 64Co — 11356
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Conclusions

e Using Sudakov resummation of soft and collinear gluons we obtain N3 LO soft gluon
corrections to Higgs and Drell-Yan productions.
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e Resummed rapidity distributions can be obtained at N3 LO level in the soft and collinear
region.
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Conclusions

e Using Sudakov resummation of soft and collinear gluons we obtain N3 LO soft gluon
corrections to Higgs and Drell-Yan productions.

e Resummed rapidity distributions can be obtained at N3 LO level in the soft and collinear
region.

e Structure of single pole terms in the form factors is completely understood.
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Conclusions

e Using Sudakov resummation of soft and collinear gluons we obtain N3 LO soft gluon
corrections to Higgs and Drell-Yan productions.

e Resummed rapidity distributions can be obtained at N3 LO level in the soft and collinear
region.

e Structure of single pole terms in the form factors is completely understood.

® Few attempts to resum sub-leading logarithms in the threshold regions.
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