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Factorisation for Higgs production at small pr < my
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Work program

» automated calculation of NNLO soft functions

» automated calculation of NNLO jet and beam functions
» high-precision resummations for collider observables

» further development of SCET subtraction techniques
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Status

Publications
1911.04494  Three-loop soft function for heavy-to-light quark decays Briser, Liu, Stahlhofen
1912.13039 Resummed inclusive cross-section in ADD model at N3LL+NNLO Das, Kumar, Samanta
2001.11377 Resummed Drell-Yan cross-section at N3LL Das, et al
2004.03938 Resummed inclusive cross-section in RS model at NNLO+NNLL Das, Kumar, Samanta

200408396  Generic dijet soft functions at two-loop order: uncorrelated emissions ~ GB, Rahn, Talbert

inpreparaton  The N-jettiness soft function at NNLO GB, Dehnadi, Mohrmann, Rahn

On-going projects

in progess Generic N-jet soft functions at two-loop order GB, Dehnadi, Mohrmann, Rahn

in progess Automated calculation of jet functions in SCET GB, Brune, Das, Wald

in progess Automated calculation of beam functions in SCET GB, Brune, Das, Wald

in progess Towards a precision extraction of as(myz) from ete™ angularities GB, Lee, Makris, Prager, Talbert, Yan
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Generic N-jet soft functions at two-loop order

[GB, Dehnadi, Mohrmann, Rahn]
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N-jet soft functions

Definition

S(ron) = S M(7i {k}) (OI(Sn; Sy - - Smy) IX)(X|Sny Sy - Sny [0)
ieX

> soft Wilson lines Sp, with n? =0
» soft function is a matrix in colour space

» generic measurement function M(7; {k;})

v

dijet case fully automated and implemented in Soft SERVE [GB, Rahn, Talbert 18,19]

Motivation
» resummation for hadronic event shapes and boosted top production

» central ingredient for N-jettiness slicing technique [Boughezal et al 15; Gaunt etal 15]
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NLO calculation

Sum over dipole contributions

s =31 T(

i

SEKS

» integration over gluon phase space

n,-nj

S ~ /ddk 5(k2) 0(k%) My (7 k) N

» generic parametrisation of measurement function
2 (k-ny) (k=)

nj - nj nj-n
M1(T;k):exp{—T '2 jkr}’;?/zf(}’k,i‘)n@z)} o '
Yk = k-n}
» perform observable-independent integrations
" dcosé T dcosbs
s / dy v, T / ! / (Y, 01,602)%
ij ( ) Vi 1 sin1t2e 01 J_1 sin2t2e 0 (,Vk 1 2)

= soft (kt — 0) and collinear (y, — 0) singularities factorised
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NNLO real-virtual

Dipole and tripole contributions [Catani, Grazzini 00]

i+ Nj\ 2e
S(Z,RV)(E) —C, Z T, T/' (n,2n1> Sf/Z,Re)(E) l
i

2 Im
+ (N =N = Np) fase TR TP T S, //k '@ '
I#j7#k

» dipole contribution similar to NLO case

14e
(2.R0) 4y 12 o, 1 nj-n )
AP0~ 5 (550 k)

» tripole contribution requires at least four hard partons

(2.0m) () 1 ni - n N n; - Nk
!A,,k )| g(g(k.ni) (jk.nj)) (2(k-n,-) (k-nk))

= similar parametrisation in terms of (kr, yx, 61, 62) as in NLO calculation
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NNLO real-real

Radiation of qq pair or two gluons [Catani, Grazzini 99]

i

_ nj - njy2 5
S(99)(c) = T g Z T T (%) 68,5-2'(7(7)(5)

i#f J
SeW()=Ca ST T( ' ) S,S-z’gg)(f)

i#]
B D) DELE I A AT CUELULS RIS

i#] k#l

fixed by non-abelian exponentiation
» integration over two-particle phase space

SEN (&) ~ /ddk 5(k2) 0(K°) /dd/ 5(R) () Ma(rik,I) | AX (K, D2
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NNLO real-real

Radiation of qq pair or two gluons [Catani, Grazzini 99]

i

_ S N 2 _
3(2,1717)(8) = Ty Z T (nlznj) 6852,qq)(€)

i#j ¢
P . 2
S(ngg)(g) —Cy Z T, T, <n12nj) 685'2,99)(5)
i#]
1 (ni - ) (i - )N e o) ()
+ZEZ{T’“TPT"'T’}< 4 ) Sjj(€) Sy’ (e)

i2 Kkl

fixed by non-abelian exponentiation

» phase-space parametrisation

. 2(ki + ) (ki + 1) y:ki+/i a_ kil b ki k;
nj ki+1; kil; li;

n: - n;
MZ(T; k’ /) = exp { -7 % pTyn/2 F(a7 b7.}/7 0k179k279k3791179/2)

—
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Renormalisation

RG equation in Laplace space

%:’:) - % Fs(r, w) S(r, 1) + % S(r, 1) Ts(r, )’
Fs(r,p) = %{Z T T rwsp(as)[z In (Ww) — i A,-,} +2ws(as)}

i

Two-loop solution with L; = In (1/ni - nj/2 p7)

()
r 2
S(T,u):w( )ZT T(7°L§+ i LU+c(1)>

i

as)2 2Bolp 3 I 2'8071'(/'0) 2 ’Ym (1) (2)
+(—> {ZT,uTj( Ly (—+7>L +2( + Bocj )L,,-+c, )
4r — 3n n n I
i#
NiTo /T,
Ac8c (Mo (To 3 1 2
—2r S fape TATETE ( % (3 L+ 2O+ n e Ly ) /(Ik)>
ik
© ©
To 2, 27 1 Mo 2 27 1
+ S TT Tk»T,}(—L,/-+ U L,-/+cfj))(—Lk,+iLk,+c}d’)}
P n n n n
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Results

N-jettiness [Stewart, Tackmann, Waalewijn 10]
Tn({ki}) = > min(n;- ki) j=12,3,... ,N+2
J ~~

! beams jets

» two independent implementations based on pySecDec and Soft SERVE

» 1-jettiness results in agreement with literature [Boughezal et al 15; Campbell etal 17]

» first 2-jettiness results for arbitrary kinematics [GB, Dehnadi, Mohrmann, Rahn 18; Jin, Liu 19]

Assume back-to-back konfiguration for illustration

Jet-2 n

Proton Proton = . — . —
beam 1 beam 2 Mz =Ny -2 N3 - Ny 2
m3 =m -n3:n2-n4:1 7C05913
7_1:1 ﬁ?
013 Mg =nN1-Nyg="no -n3=1+ cosbq3
i3
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Results
N-jettiness

TN({k,}) = Z m]_in (n] . k,)
i beams

j=12,3,...,N+2
jets

» two independent implementations based on pySecDec and Soft SERVE

» 1-jettiness results in agreement with literature

» first 2-jettiness results for arbitrary kinematics

Two-loop matching correction as a function of ny3

[Stewart, Tackmann, Waalewijn 10]

[Boughezal et al 15; Campbell et al 17]

[GB, Dehnadi, Mohrmann, Rahn 18; Jin, Liu 19]
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Automated calculation of jet and beam functions

[GB, Brune, Das, Wald]
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Definitions

Quark jet function

p)~ Y 8(Q=3 k) 9B (S, ki) M {kib) (O1xIX)(X[%10)

ieX
» collinear field operator x = WT@w

» generic measurement function M(7; {k;})

Quark beam function

a(r X, ) ~ > 6((1 = x)P™ =X, n- ki) M(; {k}) (PIRIX)(X|x|P)

ieX

» aslong as 7 < 1/Aqcp beam functions can be matched onto pdfs

(s, 1) Z/fzqk %0) lzom)
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Technical aspects

NLO correction

(T,
» matrix element given by LO 1 — 2 splitting function ;Zé@ O@z}% -
& - X

» parametrise phase space in terms of (kr, z, k)

NNLO real-virtual correction o %gﬁ};g\k
& [)&;\
» matrix element given by NLO 1 — 2 splitting function & 5% | aﬁ% ®
NNLO real-real correction e
D N
& Y

» matrix element given by LO 1 — 3 splitting function

X
)
7
/
‘ g
-
%

» singularity structure more complicated than for soft functions

= for details see Kevin’s talk in the YSS
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Towards a precision extraction of as(mz) from e* e~ angularity distributions

[GB, Lee, Makris, Prager, Talbert, Yan]
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ete event shapes

Extraction of the strong coupling a.s(Mz)
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Angularities

et e~ event shape that depends on a continous parameter a

Z ‘k’ |e Inil(1—a

» interpolates between thrust (a =

[Berger, Kucs, Sterman 03]
7a({ki})

0) and total broadening (a = 1)

L3 data for a = {—1,-0.75, 0.5, —0.25,0, +0.25, +0.5, +-0.75} at Q = {91.2,197} GeV

7 Bl
2600 2 tatennaon
thon Prea

‘E‘E‘ % » quality of data not competitive with

| ‘ . thrust and C-parameter analyses
] # E p '~+++.r = highlight the potential of angularities
) —' E T v and motivate a reanalysis of LEP data
g if] & et

o o7 o3
<, fora=-0.25and § = 90°

o 07 o5 o
5, fora=0.25and 5= 90"
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Theory StatUS [GB, Hornig, Lee, Talbert 18]

Factorisation theorem for 75 — 0

1 d
L97 . H@a,p / drn i s Jn(rms 1) Ja(7s 1) S(rs, 1) S(ra — 70 — 75 — 75)

oo d7a
» NNLL’ resummation using input from Soft SERVE
» matched to fixed-order o2 calculation

» non-perturbative effects modelled by a renormalon-free gapped shape function

convergence non-perturbative effects
st 1do NN 1= PT a=-05
gy dt, 10l = NP Q=91.2GeV
g as(mz) = 0.113
. - Q4 = 0.250 GeV
—
4 =
2 T=_
00l () _EEE===*
0.08 0.10 0.12 0.14 0.16 0.05 0.10 0.15 0.20
Tos Ta
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Non-perturbative corrections

Dominant effects related to soft function modelling

St = [ k' Ser(k—K.u)  froolK' — 2Ba)

perturbative soft function non-pert. shape function

» expand shape function in complete set of orthogonal basis functions

froalk) = E; bt (’;)r

» OPE predicts a shift of the distribution in the tail region [Lee, Sterman 06]
do N do 2 2Q, _ /
—_— —_— - =2A dk K fod(k
g 7 (Ta 1-a Q) 1-a at moa (k)

» gap parameter A and perturbative soft function Spr share a renormalon ambiguity

= switch to the renormalon-free Rgap scheme [Hoang, Stewart 07]
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FII’St |00k at Oés fItS [GB, Lee, Makris, Prager, Talbert, Yan in preparation]

Setup
» X2 fit with minimal overlap assumption for experimental uncertainties

» theory uncertainties from scan over 500 random input parameters

Individual angularities

preliminary preliminary
1.0)
a=-1
o -1
05 = -0.75
+-05
0.0
0.14
A 05
a=05
-1.0]
-1.5] , 2 .
NNLL” + O(af§)+ NP shift
0.09 0.10 0.11 0.12 0.13 0.14 O o oz oi o
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FlrSt IOOk at Oés fItS [GB, Lee, Makris, Prager, Talbert, Yan in preparation]

Setup
» X2 fit with minimal overlap assumption for experimental uncertainties

» theory uncertainties from scan over 500 random input parameters

Global fit

» crucial to take correlations between different angularities into account
= construct covariance matrix with PYTHIA

» rather strong dependence on the fit window
= include matching to fixed-order o2 calculation

» issues related to renormalon subtraction in the Rgap scheme
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Summary

Work program
» automated calculation of NNLO soft functions

» automated calculation of NNLO jet and beam functions

v

high-precision resummations for collider observables

» further development of SCET subtraction techniques
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