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e Golden information from N3LO of Higgs production in gluon fusion

e New results: Threshold corrections at N3LO for

o Drell-Yan: do/dQ? and do /dQ?*dY
o b+b— Higgs: ocandd/ocdY
o q+q— W*/Z — Higgs: o
e Renormalisation group improvement at N3LO for Higgs production

e (Conclusions
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e Computed for the first time in the infinite top mass limit: an effective theory with 5 flavours.

e More than a decade after NNLO.
e Scale uncertainty goes down in the canonical range.
See the talk by C. Duhr
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First results on threshold N3 LO QCD corrections to:
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e RG improved Higgs boson production in gluon fusion to N3LO in QCD
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Standard Methods:

e Matrix elements square and phase space integrals in the "soft limit".

e Form factors and DGLAP kernels

1) Factorisation theorem

¢’Dk(z)
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2) RG Invariance 3) Sudakov Resummation

Moch and Vogt; VR, Smaith, van Neerven
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® Expand the partonic cross section around x = T orz = = = 1.
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Standard Methods:

e Matrix elements square and phase space integrals in the "soft limit".
Catani et al, Harlander and Kilgore
e Form factors and DGLAP kernels

1) Factorisation theorem 2) RG Invariance 3) Sudakov Resummation

Moch and Vogt; VR, Smaith, van Neerven
e Soft Collinear Effective theory

Becher, Neubert
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The fact that Form factor satisfies K+G equation:
q2 (2 ) — [KI(“%) + GI(qz,u%{)] g
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4 A 1|—1 (. np? (. @ p2
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e K' contains all the infra-red poles and G~ is regular as € — 0

Ansatz for the solution:
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e At 3-loop:
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e Most of the contributions from D;s is
cancelled by 6 (1 — z) making N3LO
further subleading
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e Scale uncertainity improves a lot
e Perturbative QCD works at LHC
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Threshold region corressponds to z1, z2 — 1,thatY — 0.

{ZI(IJ'%T‘)a FI(Q2)a I‘II(IJ'%‘)a(I)I(Q2)} = AZ?I(z19z29q29N%‘9“%%) :
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results

Ahmed, Mandal, Rana, VR
The exclusive ?fi’,’f can be expressed in terms of inclusive G~

1 1 1 do! 1
/ dzc(l)/ dad (zc(l)wg)N 129 / dr rN-1 o1,
0 0 dY 0

where the inclusive o are now known for both inclusive Drell-Yan and Higgs boson

productions up to N3LO level in threshold limit
In the threshold limit, N — oo:

I‘(l + i €)

(z) "I,('i,) .
O marig”
3?1(2) — Z a";(qu) Z?I,i|555(21)5(22)
1=0
2¢—1 2i—1
+ Z Pr,ilep;0(Z2)Di + Y AT lsp,0(21)D;
j=0
Z AZLilp, B, PiPk Zi=1—2
JI®k

The symbol j©k implies j, k > 0and 53 + k < (27 — 2).
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e Compared against Dikon,Anastasiou,Melnikov,Petriello NNLO results for

Drell-Yan,Higgs, Z, W * productions.
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e Scale uncertainity improves a lot
60 Do | D1 | D2 | D3 | D4 | 6Ds | DoDo | DoD1 | DoD2 | DoD3 | DoDs | D1 D1 | D1 D2 | D1 D3 | D2D2
% | 73.3 | 16.0 | 9.1 314 | 1.0 -9.9 | -23.1 -13.7 -10.7 -0.3 3.1 7.3 -0.2 3.8 8.6 4.2

Relative contributions of pure N3LO terms
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e Total cross section for Higgs production in bb annihilation at various orders in as as a

function of ur /m g (left panel) and of wr /m g (right panel) at the LHC with /s = 14
TeV.
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® The comparison between NLO and NLOgv with the renormalization scale ur = mg and
factorization scale ur = mpg; /4 at 8 TeV(left panel) and 13 TeV (right panel) LHC.
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e The rapidity distribution of the Higgs boson at NLO, NNLO(SV) and N3LO(SV) at 8 TeV(left
panel) and 13 TeV (right panel) LHC. The band indicates the uncertainty due to
renormalization scale.
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® The distribution of Kisv), Ki, Késv) and K:gsv) at different perturbative order at 8

TeV(left panel) and 13 TeV (right panel) LHC.
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TeV(left panel) and 13 TeV (right panel) LHC.
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EcwMm LO NLOgsv NLO NNLOsyv | NNLO | N3LOsv
7 0.2415 0.2987 0.3183 0.3203 0.3257 0.3254
8 0.2977 0.3667 0.3901 0.3932 0.3993 0.3991
13 0.6120 0.7363 0.7788 0.7900 0.7975 0.7970
14 0.6801 0.8150 0.8604 0.8730 0.8808 0.8807

e DY like contributions (in pb) for different center of mass energies (TeV) at LHC with

MSTW2008 PDFs. The factorization and renormalization scales are setto ur = ur = Q.
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e Scale uncertainties of DY type cross sections for LHC13 by varying the factorization and
renormalization scales in the range 0.1 < ©/Q < 10.0, where p = pr = puR.
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e Scale uncertainties of DY type cross sections for LHC13. In the left panel, we show the
renormalization scale uncertainty for 0.1 < ur/Q < 10.0 keeping pr = Q fixed. In the
right panel, we show the factorization scale uncertainty for the similar range variation as p .
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Renormalisation scale dependence at N2LO in gluon fusion
Kumar,Ahmed, Rana,Goutam, VR
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e Scale uncertainties of Higgs cross section for LHC13 by varying the renormalization scale
LR in the
o canonicalrange 1/4 < pr/mpg < 2.0
o widerrange 1/10 < ur/mpg < 10.
e Falls of like NLO and NNLO cross sections.
e Scale improvement is visible only when mu g is closer to mgy.
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O'H(Sa m%—l) :o-Oa,g (y,%%) Z / dxidx2 fo(x1, N%‘)fb(w29 p,%,)
a,b

-
XC12_I (a’S (“2R)) A:ZIb ( am%—la H'zRa H%‘)

L1I2
=aZ(pR)T(1R)
Th RG invariance of oH
12— (a2 (127 (%)) = 0

dpy

e The solution is given by

(o o] "
c(pR) = > > al(ph) Rnw L

n=0 k=0
where, L =ln<“’2R>.
, Lr = 2.
e The RG invariance dictates
1 m
Ron—m = (n—m) Z(n — 14+ 1)BiRn—i—1,n—m—1

1=0
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Resummation of large log(u%) using RG equation

O O
c(kR) = D al*(rk) Y Run-m(asLr)™™ ™
m=0 n=—m

oo

Z al*(nR) @ _( )

m=0

—()

)n—m—l

To compute the & with the recursion relation and

s, we multiply (as(u%)Lr
sumfromn_m—l—ltOOO

Z (asLr)" " ' [(n—m)Ran,n— m—Z(n—z—I—l),Bz n—i—1,n—m—1] = 0

n=m-+1

which leads to the following first-order differential equation
[w— + (m+2)|78Y = Om—s Zm (1 - w)— —(m—i+2)|Fg
1=1

©.—1 is Heaviside Theta function, w = (1 — BoasLr) and n; = 5*
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7 = S {Roo} 78 = 5 {Ra0 —2mRo0 )],
7 = w_1‘3:{2Ro,0 (m®% —m2) } + w%{”zz,o +2Ro,0 (12 — 117%) + (@) ( — 2117 Ro,0 — 371R1,0)

2 2
+ 311 RO,O In (""’)} ’

Eg) = w_ls{Ro’O (—n13 + 2n1m2 — ?73) } + w—Z{Ro,o (2n13 - 2?71?72) + R1,0 (3?712 - 3"2)

+ Ro,0 (6n1m2 — 6m1%) In(w)} + w—ls{Rs,o + Ro,0 (13 — m1%) + R1,0 (3n2 — 3m ?)

3 2 2 3 2

+ ln(w)(Ro,o (6?71 — 8n1n2) — 311" R1,0 — 47117""2,0) + In (w)(7?71 Ro,0 + 6m1 ’Rl,o)
3 3

— 4m1"Ro,0 In (w)} ,

=(4)

Ts ' = Big expression

e We have resummed only ur dependent logarithms.

e .. has been chosen to some specific value m gy
~» pr dependence remains unchanged.

e Conclusions are independent of the choice of pur.
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RG improvements through N2LO
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Conclusions

e Recent result on Higgs production at N3LO level contains useful information on the
(1 — =) part of the soft distribution function ®9

® The missing § (1 — z) part of 9 can be obtained from ®9. This completes the theshold
N3LO prediction for the Drell-Yan production

e Many Higgs and DY observables at threshold N3LO can be obtained for free

e Renormalisation group improved expression at N3LO behaves better over wide range of pr.



