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Introduction

SCET provides a systematic framework for precision studies of collider observables

[Duhr, Mistlberger, Vita 22]

» NSLL/N*LL resummations for benchmark observables

threshold resummation, pr resummation, event shapes, ...

» Automated NNLL resummations for global observables

[ARE S], SCET1ib, Soft SERVE, ... [Kardos, Larkoski, Trocsanyi 20]

. mMDT

med heavy hemisphere mass
T

» Factorisation at NLP

subleading interactions, operator bases, endpoint singularities, . ..
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» Jet physics
[Becher, Neubert, Rothen, Shao 16]
non-global logarithms, super-leading logarithms, ...

» Factorisation violation

Glauber exchanges, BFKL, ...
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Current status

Structure of LP factorisation theorems
= H(w) - []B/nm) @ [T 4w ® + O(X)
i i

» hard functions

QCD-SCET matching — virtual amplitudes with full colour information

> [GB, Rahn, Talbert 18,20; GB, Dehnadi, Mohrmann, Rahn wip]
public code for computation of dijet soft functions §9ft
formalism has been extended for N-jet soft functions / CQVC
soft functions for massive particle production under development V-

» jet functions [GB, Brune, Das, Wald 21+wip]
formalism exists for computation of quark and gluon jet functions
» beam functions [GB, Brune, Das, Wald 22+wip]

formalism for computation of beam-function matching kernels in moment space
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Momentum modes

m3/Q

SCET1

collinear \hird

anti-collinear

. . ks
m3/Q Q

s K py

SCET-2

In SCET-2 one cannot distinguish soft from collinear modes when radiated into jet direction

= need additional regulator that distinguishes modes by their rapidities

/d4k S(K2) 6(K%) = /ddk (i)yé(kz)&(ko)
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SCET-1

Three-scale problem: g < py < py

o~ Q do =~ H(Q,p) J(my,u) @
Py~ ey

2 2@ _1,2@ _ 2
MSN# In milen P In u2+

Sudakov resummation with standard RG techniques

2
Q) _ (o1 p(as) In L+ dps(as)| H(Q, 1)
dinp IS

» anomalous dimensions: [cusp, Y+, Vo,

» matching corrections: CH, Cyy
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SCET-2

Two-dimensional problem: pg ~ puy < py, vs < vy

i~ Q do = H(Q,n) J(pr, . Q.v) @ S(pr.s0.pr.v)

fy ~ fis ~ T 2 2 2 2 2 2
8 Inzo—:Inzo——anp—TInQ——Ingp—I—2Inp—1\n
2 2Nz 2 12

T

LTT
vs~pr v~ Q
Exponentiation of rapidity logarithms
» Collinear anomaly [Becher, Neubert 10]
T (X1, Quv) S(X7, 00, X7,17) = (Ozxg)fF(XT’“) W(xT,u)
» Rapidity renormalisation group [Chiu, Jain, Neill, Rothstein 11]

dinJ(x7,pn, Q,v) = ) dinJ(x7,pn, Q,v)

)
dinv dln“ - FYH,(XT7II’7 O:V)
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Counting logs

Perturbative expansion

a0

do 1+—{#L2 #L+#}+(a

1
= exp { e gi(asl) + go(asl) + asga(asl) + ... }

LL NLL NNLL

Accuracy M cusp 'yH,{ W8 cH,{ €, Cs
F w
NLL 2-loop 1-loop tree
NLL’ 2-loop 1-loop 1-loop
NNLL 3-loop 2-loop 1-loop
NNLL’ 3-loop 2-loop 2-loop
N3LL 4-loop 3-loop 2-loop
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ﬂ) {#L4+#L3+#L2+#L+#}+

SCET1
SCET-2

<« State of the art pre-SCET
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OUTLINE

SOFT FUNCTIONS

DIJET SOFT FUNCTIONS
N-JET EXTENSION

MASSIVE PARTICLE PRODUCTION

JET FUNCTIONS

BEAM FUNCTIONS
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Dijet soft functions

Definition
S(r.p) = NC > M7 {k}) Tr (018180l X) (X|}.5510)
ieX
» soft Wilson lines S, Sy with " = =0and n-n=2
» generic measurement function M(7; {k;})
» SCET-1 and SCET-2 observables

» relevant for ete~ — 2jets, e~ p — 1jet, pp — Ojets

Structure of divergences is independent of the observable
= isolate singularities with universal phase-space parametrisation

=- compute observable-dependent integrations numerically
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NLO calculation

& @D
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NLO calculation

One gluon emission

S (r,p) ~ /ddk (ﬁ)a 5(K2) 6(K®) My (r;K) |A(K)|?

» n <> n symmetrised version of phase-space regulator

1
> matrix element |A(K)|Z ~ ——
| (k) ! ki k—
Phase-space parametrisation
k 1 —cosf
kr = /kek— Y=o o= ok

» Kkt is only dimensionful variable

» measurement vector v# — one angle in transverse plane: 6 < (ki , V)
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Measurement function

Generic form
k) — n/2
M(rik) = exp (=7 kr v¢/2 (3, 1))

» assumes Laplace transform with [r] = 1/mass

» parameter nis fixed by requirement that f(yx, t) is finite and non-zero as yx — 0
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Measurement function

Generic form

Mi(rik) = exp (= k7 v/ f(e 1))

Observable * n * f(Yk t)
Thrust 1 1
Angularities 1-A 1
Recoil-free broadening 0 1/2
Threshold Drell-Yan —1 1+ yk
W®@large pr —1 1+ yx — 2/Vk cos O
et e~ transverse thrust 1 S\}W (wccosek N (f \F) ) et
~[ccos o + (T V) § D

cos Oy =1 — 2t
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NLO master formula

After performing the observable-independent integrations one finds

71+I7c+(\/2

SO (7, u) ~ T(—2¢ — ) /dyk (1+y

/ dt (4t) "2 Ky, t)PEre

» soft (kr — 0) and collinear (yx — 0) singularities are factorised

» additional regulator is needed only for n =0 (— SCET-2)

Isolate singularities with standard subtraction techniques

/ dx x~1H" f(x) = / dx x4 [ f(x) — £(0) + £(0) ]
N e’ N~
finite 1/e
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S & &<
S H O ¢

» real-virtual contribution follows allong the same lines as the NLO calculation
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NNLO calculation

Double real emission

(2) - d v & e 0 d i
S@(r, ) /d K <k++k7> 6(k)9(k)/dl </++/

» higher dimensional phase-space integrations

) 5()0(1°) Ma(rik, 1) |Alk, 1] ?

» three colour structures: CgCyu, CeTeny, C,%
———— ——
correlated  uncorrelated

Non-trivial matrix element

Ak /)‘2 2Kk 1) (e L) = (Kl — kel )?
"V lCeTEng (k— + 1) (kg + 14)2 (2k - 1)2

= complex singularity structure with overlapping divergences
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Correlated emissions (GB, Riahn, Talbert 18]

Phase-space parametrisation

ket Ao R b [FKe

= ky + L) (k- + 1= =
pr (kg + 1 )( ) RS PR L

» pr is only dimensionful variable

> three angles in transverse plane: 6, < (K1, V1), 6 < (I, V1), 0 < (K, T0)
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Correlated emissions (GB, Riahn, Talbert 18]

Phase-space parametrisation

Ky + 1y KL k_k;
= Jlke + 1)k + 1 - a= | b=
pT (ks + 1)( ) V=TT PR A

» pr is only dimensionful variable

> three angles in transverse plane: 6, < (K1, V1), 6 < (I, V1), 0 < (K, T0)

Measurement function

./\/l(é‘or’(T; K, I) = exp < - TPT.V"/2 F(a7 by, t: 1, tk’)>

» pr dependence fixed on dimensional grounds
» F(a,b,y,t, 1, t) is finite and non-zero for y — 0
» constraints from infrared-collinear safety
soft limit: F(a,0,y, t, b, ty) = f(y, t) collinear limit: F(1,b,y,t,4,0) = f(y,t)
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Uncorrelated emissions (GB, Rahn, Talbert 20]

Trivial as long as measurement function respects non-abelian exponentiation

1

CF) 2
AP g 2N ——
g (k. D) Kyk_Iil_

= S, q) = }[Sals, a))?
Mo(Tik, ) = My (1; k) Mq(7;1)

= we are interested in a more general class of observables
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[GB, Rahn, Talbert 20]

Uncorrelated emissions

Trivial as long as measurement function respects non-abelian exponentiation

1
S (e, ) = 1 [Sple, o))

CF 2
| Ak e D[P~
Ky k_ Lyl
= RR

Mo(Tik, ) = My (1; k) Mq(7;1)

= we are interested in a more general class of observables

Phase-space parametrisation

ke N L—\ " o Kk \ "
Yk = — ar = y/K+K- th VA 7k,+k+

k_
Y = I b kik_ kik— \" - \""
T I\ k_ +ky I— 41y

» qr is only dimensionful variable

» again three angles in transverse plane: 6, 6, 6
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Uncorrelated emissions (GB, Rahn, Talbert 20]

Trivial as long as measurement function respects non-abelian exponentiation

1

CF) 2
ACH k|2~ ——
[Apa " (kD) Kyk_Iil_

= S, q) = }[Sals, a))?
Mo(Tik, ) = My (1; k) Mq(7;1)

= we are interested in a more general class of observables

Measurement function

ME(ri k1) = exp (— T ar v/

yln/z G(.yk7.y/7b’ tk7 t/: tk/))

» g7 dependence fixed on dimensional grounds
» G(¥k, Y, b, t, ti, ti) is finite and non-zero for y, — 0and y; — 0

» constraints from infrared-collinear safety

i, &) , flyi )
soft: G(Vk, ¥1,0, tx, b, ) = ——— collinear: G(y,y;, b, t,1,0) = ———
' (1+y)" (1+y)"
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Recap

Considered class of soft functions is characterised by
» parameter n — power counting of modes
> f(yk, k) — one emission

» F(a,b,y, b, t;,tiy) — correlated emissions

» G(Yk, Y1, b, t, t;, tiy) — uncorrelated emissions (only for NAE-breaking observables)

Constraints from infrared-collinear safety

f(y1, )
> soft: F(3707y,tk,t/atk/) = f(y1 t/) G(yk7y/707tk7t/1tk/) = T A
(T +y)"
» colinear:  F(1,b,y,t,1,0) = f(y,t) G 1, b, 1, 4,0) = fnt)
T+
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Soft SERVE [GB, Rahn, Talbert 18,20]

Customised c++ program for numerical evaluation of soft functions
» uses Divonne integrator from Cuba library
» phase-space remappings to improve numerical convergence

supports multi-precision variables (boost, GMP /MPFR)

v

» bash scripts for renormalisation in Laplace and cumulant space

) SoftSERVE - Hepforge - Hepforge - Mozilla Firefox 4 _ox
SOftSERVE - Hepforg... X | +
) @ | softserve hepforge.org/index phr v e |[Qsearch *“E 93 A =

A project to numerically evaluate soft functions for generic dijet observables in Soft-Collinear Effective Theory is hosted by Hepforge, IPPP Durham

* Manual
« Template Guide k CQVC
 Contact /

Soft Simulation and Evaluation of Real and Virtual Emissions

Guido Bell, Rudi Rahn and Jim Talbert

SOftSERVE is a C-++ program to evaluate bare soft functions for wide classes of observables in
Soft-Collinear Effective Theory.
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Selected results

et e~ event-shape variables

» Thrust
[Kelley et al 11; Monni et al 11]

» C-parameter

» Recoil-free broadening
[Becher, GB 12]

» Angularities
=l

» Hemisphere masses
[Kelley et al 11; Hornig al 11]

known analytically
known numerically
new result

AUTOMATING CALCULATIONS IN SOFT-COLLINEAR EFFECTIVE THEORY
POWER EXPANSIONS ON THE LIGHTCONE - MITP

hadron collider observables

» Threshold Drell-Yan
[Belitsky 98]

» W atlarge pr
[Becher et al 12]

» pr resummation
[Becher, Neubert 10]

» prjetveto
[Banfi et al 12; Becher et al 13; Stewart et al 13]

» Rapidity dependent jet vetoes
[Gangal et al 16]

» Soft-drop jet groomer
=]

» Transverse thrust
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Performance

C-parameter 020A cy' runtime*
standard setting —57.893 + 0.039 43.817 + 0.004 25 sec
precision setting —57.973 + 0.004 43.818 + 0.001 20 min

EVENT2

—58.16 £ 0.26

43.74 £ 0.06

[Hoang et al 14]

*on a single 8-core machine
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Performance

C-parameter 020A cy' runtime*
standard setting —57.893 + 0.039 43.817 + 0.004 25 sec
precision setting —57.973 + 0.004 43.818 + 0.001 20 min

analytic —57.976 43.818 [GBetal 18]

*on a single 8-core machine

AUTOMATING CALCULATIONS IN SOFT-COLLINEAR EFFECTIVE THEORY
POWER EXPANSIONS ON THE LIGHTCONE - MITP

GUIDO BELL
SEPTEMBER 2022



Performance

C-parameter 020A cy' runtime*
standard setting —57.893 + 0.039 43.817 + 0.004 25 sec
precision setting —57.973 + 0.004 43.818 + 0.001 20 min

analytic —57.976 43.818 [GBetal 18]

W at large pr cZCA cg’ runtime*
standard setting —2.660 + 0.075 —25.313 +0.009 30 sec
precision setting —2.651 + 0.005 —25.307 + 0.001 9h

analytic —2.650 —25.307 [Becher etal 12]

*on a single 8-core machine

AUTOMATING CALCULATIONS IN SOFT-COLLINEAR EFFECTIVE THEORY
POWER EXPANSIONS ON THE LIGHTCONE - MITP

GUIDO BELL
SEPTEMBER 2022



Soft-drop jet mass

Jet grooming removes soft radiation from jets [Frye, Larkoski, Schwartz, Yan 16]
» parameter 3 controls aggressiveness of groomer
» observable violates non-abelian exponentiation

» confirm and extend existing NNLO results

f e, o 15
0| y('?; . vi v
1 ° ol *
10, 10 { .
B
I B
20 o .
+ SofSERVE O+ sofseRvE : « SOHSERVE
* Fryootal « Foetal + Fryootal
-3 - -
00 05 10 5 20 00 05 0 15 20 00 05 10 s 20
B B
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Soft-drop jet mass

Jet grooming removes soft radiation from jets
» parameter 3 controls aggressiveness of groomer
» observable violates non-abelian exponentiation

» confirm and extend existing NNLO results

[Frye, Larkoski, Schwartz, Yan 16]
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= ingredients allowed for N3LL resummation
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N_Jet SOft fU nCtlonS [GB, Dehnadi, Mohrmann,Rahn wip]

Definition

S(m,m) = > M(7i{ki}) 0I(Sn; Sny Sy - -)T1X)(X|Sny Sy, Sns - - - |0)
iex

> soft Wilson lines Sp, with n? = 0, non-back-to-back
» soft function is a matrix in colour space
» generic measurement function M(7; {k;})

» current working assumptions: SCET-1 and NAE

Main complications
» angular parametrisations more complicated for non-back-to-back dipoles
» 3-particle real-virtual contribution (requires at least four hard partons)

» renormalisation in colour space
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N-jettiness

Definition [Stewart, Tackmann, Waalewijn 10]

= in{n; -k i 1,2,8,...,N+2
Tn ;m,_m{, m} i€{1,2,3,...,N+2}
beams jets

» slicing variable for fixed-order perturbative computations [Boughezal et al 15; Gaunt et al 15]

» resolution variable in Geneva Monte-Carlo framework [Alioli et al 15]

» jet substructure studies [Thaler, van Tilburg 10]

Status

» 1-jettiness NNLO soft function known [Boughezal et al 15; Campbell etal 17]

» 2-jettiness NNLO soft function known for certain kinematic configurations [GBetal 18;
Jin, Liu 19]

» general case N > 3 only known to NLO [Jouttenus, Stewart, Tackmann, Waalewijn 11]

= devise a method for the NNLO N-jettiness soft function for arbitrary N
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1-jettiness

Kinematics
Proton Proton
beam a beam b
ol
ﬁl ﬁ2
013
// Jet
i3

n-np=2

M2

ms n-n3=1—cosbq3

Nog = No - N3 =14 cosBiz

Two-loop matching correction in distribution space

50 T T
1-jettiness
25F B
= 1
- 4 g s
S _o5f A . .
LRy :
I f A 0
O -50f 4+ A\
o o gg—g 4
75k . 9
5E/ « our numerics —aioe \
-100ff —— Campbell et al. fit e qg—q &
I I I I
0.0 0.2 0.4 0.6 0.8 1.0
ni3/2

AUTOMATING CALCULATIONS IN SOFT-COLLINEAR EFFECTIVE THEORY
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» overall very good agreement

» Campbell et al do not provide correlations

= inflates theory uncertainties

» logarithmic growth at endpoints?
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1-jettiness

Kinematics
Proton Proton
beam a beam b
- No =Ny - No 2
7 n2
0 M3 =ny-n3=1—cosf3
13
Nog = No - N3 =14 cosBiz
7l Jet

i3

Two-loop matching correction in distribution space

17500E 1-jettiness - gg — g E 17500 -3 1-jettiness - g — g E _500F 1-jettiness - gg — ¢ . B
* « our numerics « our numerics .
15000 . E| 15000F . J
. leading power app. b leading power app.
5 12500¢ Campbell et al. fit 5 12500¢ Campbell et al. fit ] M
7 10000 4 7 10000F E .
Q Q > 8}
7500F B E| 7500 . | ~2000F + our numerics E
50001 b E 5000F B _2500F N leading power app. ]
25001 . E 2500 ~ d Campbell et al. fit
1070 10° 10 107 10 107 1070 10° 10 107 10 10 T 10t 10 107 10° 107
n13/2 n13/2 n13/2
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2-jettiness

We sampled the phase space of the hard emitters in terms of ~ 35, 000 points

= simplified kinematics for illustration

Jet-2 | ¢

ng

Proton Proton M2 =M -np=ng-ng=2
beam 1 beam 2
. M3 =N -N3=1"n-
1 n2

Ma =M -Ng=ng-

Matching corrections in Laplace space

ng =1 —cosfi3

n3 =14 cosfy3

T T T T T
2-jottiness o 10 cf) o g 2-jettiness o 10 cfy P

analytic results o {3 *

analytic results o ol

T T
2-jettiness o 10

analytic results

T
" ach
. g

1 13
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2-jettiness

We sampled the phase space of the hard emitters in terms of ~ 35, 000 points

= simplified kinematics for illustration

Jet-2

ng
Proton Proton Ma=ny-M=ng-ng=2
beam 1 beam 2
M3=nN-N3="no-nNg=1—cosbB3
i 72
O13 Mga=nN1-Ng="no-n3 =14 cosb3
i3
Tripole contribution
F ‘ ‘ ‘ 1 o [To o ;
o . S(row) =21 3 tagcTATPTY ( g [ELa + (“/,(k) +ToLy)?
200f°, ] i#jF#k
o ] +(Tolj + 2 L + ncly)) ]+C(2 phe”°))+‘..
200} ] C_(2,ph 2),ph
0 R > IABCT T Tk ( orene) — BCT1 T2 T3 : t(n[zmpe e
_aco- ‘ ‘ ‘ 1 i#j7#k
0.0 0.5 1.0 15 20 n ]K

L:In,u“rL k=735In5

iy
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Massive particle production (G, Broggio, Dehnadi, Lim, Rahn il

Definition

S(r,n) = Y M(7i {ki}) (0I(Sny Sny Suy Suz)T1X) (X| Sy Sny Sty S, [0)
iex

» light-like Wilson lines Sp, with ”:'2 = 0 and time-like Wilson lines Sy; with v,2 =1
» generic measurement function M(7; {k;})
» soft matrix elements are more complicated but less singular

= numerical approach is ideally suited for this purpose

0-jettiness soft function for tf production
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OUTLINE

JET FUNCTIONS
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Jet functions (GB, Brune, Das, Wald 21+wip]

Definitions

[ﬁ]ﬂ Jg(T, 1) = 1; > emfs(@— 3"k ) s (S0K) OlxslX) (XIgal0) M(Ti (k1)

2 iex i

Q
—gh gl ) = = 30 (@6 (Q =Yk ) 6B (30K (014K 1X) (XA 10) M(Ti {ki})
T iex i i

» collinear field operators x = W”’%zﬁ, A = Wt (iDh W)
» phase-space constraints fix jet energy and jet axis

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

Main challenges
» three-particle phase space

» highly non-trivial jet-axis constraint
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Technical aspects

Jet functions in a nutshell

» matrix elements are given by splitting functions

. pl0) _Ry: P _RR: PO
NLO: Pev'—qq NNLO-RV: Pev' —qq NNLO-RR: Pav_9gq

» ansatz for measurement function

k n

» complicated singularity structure
= sector decomposition, selector functions, non-linear transformations

= calculation splits into ©(100) contributions

» overlapping zeroes in measurement function " L

» two independent pySecDec implementations [Borowka et al 17]
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Results

SCET-1 SCET-2
» Thrust » winner-take-all-axis broadening
[Becher, Neubert 06; Becher, GB 10] -]

» Angularities

[GB, Hornig, Lee, Talbert 18]
known analytically

» Transverse thrust known numerically
[—] new result
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Results

SCET1

» Thrust

[Becher, Neubert 06; Becher, GB 10]

» Angularities

[GB, Hornig, Lee, Talbert 18]

» Transverse thrust

SCET-2

» winner-take-all-axis broadening

=l

known analytically

known numerically

! new result
Thrust: quark jet function
' cSF A
this work —10.785 4+ 0.009 4.663 £0.120 —2.092 £0.135
analytic —10.787 4.655 —2.165
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Results

SCET-1 SCET-2
» Thrust » winner-take-all-axis broadening
[Becher, Neubert 06; Becher, GB 10] [—]

» Angularities

[GB, Hornig, Lee, Talbert 18]
known analytically

» Transverse thrust known numerically
=] new result

Thrust: gluon jet function

2
q Crny Cang Ca
Cy o C, c,

this work 2.014 £+ 0.001 0.904 £0.050 | —13.727 +£0.069 | 3.195+0.168

analytic 2.014 0.900 —13.725 3.197
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Winner-take-all-axis broadening

Measure broadening with respect to a recoil-free jet axis [Bertolini, Chan, Thaler 13]
» SCET-2 observable
» jet axis is determined in a pairwise recombination algorithm

» kr-type distance measure dj; = 2 min(E?, E2) (1 — cos 6
y i) y

min(dy, iy, du)

dy,

Cluster
g =1 +p_
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Winner-take-all-axis broadening

Measure broadening with respect to a recoil-free jet axis

» SCET-2 observable

[Bertolini, Chan, Thaler 13]

» jet axis is determined in a pairwise recombination algorithm

> kr-type distance measure dj = 2min(E7, E?) (1 — cos 6j)

quark jet cy' CZCF CZCA
this work 62.958 + 0.003 511.09 +0.30 —240.44 £0.27
2
gluon jet Cj S oAt i
this work 17.435 £ 0.001 —85.222 £ 0.058 | 135.97 +0.02 293.96 + 0.07
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OUTLINE

BEAM FUNCTIONS

AUTOMATING CALCULATIONS IN SOFT-COLLINEAR EFFECTIVE THEORY GUIDO BELL
POWER EXPANSIONS ON THE LIGHTCONE - MITP SEPTEMBER 2022



Beam fU nCtIonS [GB, Brune, Das, Wald 22+wip]
Definitions

H] Basn(xmm) = > 6((1-x) Zk ) CAP) IRa|X) (XIxs| A(P)) M(7: {K})
Ba

ieX
o
2 By (o) = 3 6((1 — 0P~ oLy ) CA(P) AT 1X) (XA L | (P)) M(ri {ki})
2m iex

» hadronic matrix elements of collinear field operators

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

As long as 7 < 1/Aqcp beam functions can be matched onto pdfs

1dz
Bj/p (X, T, 1) Z/ l<—k 77 H) Tkyn(2, 1)
= resolve convolutions by additional Mellin transform

= determine matching kernels Z;_x(N, 7, 1) in moment space
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Technical aspects

Beam functions in a nutshell

>

matrix elements are given by crossed splitting functions

NNLO-RR: P

Rv: PO
NNLO-RV: P ) o

. pO
NLO: P U

q—99*
ansatz for measurement function

kr

Miy(r; k) = exp{ —TKr (m)nf(tk)}

unconstrained two-particle phase space

=- similar but simpler singularity structure
= calculation splits into ©(50) contributions
overlapping zeroes in measurement function

two independent pySecDec implementations
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Results

SCET1

» N-jettiness
[Gaunt, Stahlhofen, Tackmann 14]

known analytically
known numerically
new result

Two-loop matching for quark beam function

SCET-2

» pr resummation
[Gehrmann, Libbert, Yang 14]

» pr veto
-]

» Transverse thrust
=1

~(2,C C
2 o(N) = G2 125 (N) + CeCa 125 (N) + CeTeng 11270 (M) + €T 12 TF ()

~(2,C
q@g(N) CrTr 1P ) + caTe 13 P )

qg

5(2

13 () =
~ 2

18 L =12 = ceTe 12 ()

= seven independent matching kernels
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Validity checks

N-jettiness

5 10 15

N
=]
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Jet veto

Matching kernels depend on jet radius R

» independent calculation

in momentum space

AUTOMATING CALCULATIONS IN SOFT-COLLINEAR EFFECTIVE THEORY
POWER EXPANSIONS ON THE LIGHTCONE - MITP
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=~ . N7 —250F .-, 4
e . P ..
of « R g -300fF = . A
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Of s e e e e s e e o] 20b E
2 -osp ER<ET
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[Abreu, Gaunt, Monni, Rottoli, Szafron 22]
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Conclusions

Numerical framework for automated computation of SCET ingredients

» public code for dijet soft functions

» extension to higher particle multiplicities and massive partons ft
//

» first results for quark and gluon jet functions

» beam-function calculations currently limited to moment space

Outlook

» development of JetSERVE and BeamSERVE

» massive jet functions? fragmenting jet functions? NLP ingredients?
» automated resummations
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Backup slides
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SCET-1 soft functions

Multiplicative renormalisation in Laplace space

dS(r,p) 1

S — 1 [4uptas) Inu) ~ 20%(a)| ()

Two-loop solution with L = In(u7)

ar 2v8 2 (or? s
S(T,M):1+(E> ——0L2+lL+c1S +<§) {—0L4—4F0 h_;_@ 13
4 n n? n

o n 47 3n
S\2 S S S S.S
r Y Bo~ oc Y g ¢
_2(4_%_&_*_& 1242 4+M+BOC}S [_+025}
n n n n n n
Results will be presented in the form A= «,fA CrCa+ vy CETeng + 'y1CF c2
¢S = ch CrCy +c§’ CrTEns + czc’: c2
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C-parameter

1) Derive measurement functions

ab a

n=1 Fa(a,b,y) = 4
A Y) a(a+ b)+ (1 +ab)y a+b+a(l+ ab)y

Fg(a, b,y) = Fa(1/a, b, y)

D

To apply numerical improvement techniques, Soft SERVE needs another parameter

0
Fa(a,b,y) === co + ciy™ + ... = m=1

3) Set up input files
» Input_Common.cpp = nm
» Input_Measurement Correlated.cpp = Fa(a,b,y), Fg(a,b,y)
» Input_Integrator.cpp = Divonne settings
» Input_Parameters.h = user-specified parameters
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C-parameter

4) Compile and run . /execsftsrvNAE -o Cparameter

x

Datei Bearbeiten  Ansicht  Suchen  Terminal Hilfe
NLO result
eps~-2 coefficient: -4 +/- -2.13956*10"-11, probability of incorrect error estimate: 0
eps~-1 coefficient: 5.33555¥10"-09 +/- 3.26761*10~-06, probability of incorrect error estimate: 0
eps™0 coefficient: -3.28987 +/- 2.45348*10"-85, probability of incorrect error estimate: @
eps”l coefficient: -20.8357 +/- 0.000194464, probability of incorrect error estimate: 0
eps*2 coefficient: -2.43523 +/- 0.000751913, probability of incorrect error estimate:

Cf Ca structure
eps~-4 coefficient: © +/- .00000001319166403453, probability of incorrect error estimate: 0

eps~-3 coefficient: -3.66665000266778000000 +/- .00016311518256774873, probability of incorrect error estimate: .00000288631000000000
eps~-2 coefficient: -4.15465 +/- .00085497368857166592, probability of incorrect error estimate: .00000297784000000000

eps~-1 coefficient: -4.1653 +/- .00576508967850076032, probability of incorrect error estimate: .00000297784000000000

eps~0 coefficient: -134.29081 +/- .03918343739337961656, probability of incorrect error estimate: .00000297784000000000

Cf Tf nf structure

eps~-3 coefficient: 1.33333 +/- -5.77909*10"-06, probability of incorrect error estimate:

eps~-2 coefficient: 2.22223 +/- 0.000101468, probability of incorrect error estimate: 1.11022*10"-16

eps”-1 coefficient: 6.34143 +/- 0.000691237, probability of incorrect error estimate: 9.39956*10"-06

eps~0 coefficient: 71.5982 +/- 0.00396634, probability of incorrect error estimate: 9.40345%10"-06

7,0-1 Alles
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C-parameter

5) Renormalise with . /laprenormNAE -o Cparameter -n 1

Terminal
Datei Bearbeiten Ansicht Suchen Terminal Hilfe
Result for Laplace space renormalised soft function for Cparameter (non-abelian exponentiation assumed)

x

lAnomalous dimension, Ca part: 15.795
Error estimate for Ca part: 0.012
lAnomalous dimension, Nf part: 3.910
Error estimate for Nf part: 0.001

Finite part, Ca structure: -57.893
Error estimate for Ca part: 0.039
Finite part, Nf structure: 43.817
Error estimate for Nf part: 0.004

Pole cancellation check values, these must be compatible with zero
One loop: 0.000 +- -0.000000

CF CA, leading: 0.000 +- 0.000000

CF CA, first subleading: 0.000 +- 6.000163

CF CA, second subleading: -0.000 +- 0.000855

CF TF nf, leading: -0.000 +- -0.000006

CF TF nf, first subleading: 0.000 +- 0.000101

13,0-1 Alles
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Angularities

et e~ event shape that interpolates between thrust (A = 0) and broadening (A = 1)

08 -06 -04 -02 00 02 04 -08 -06 -04 -02 00 02 04

—08 06 -04 -02 00 02 04

= last missing ingredient for NNLL resummation [GB, Hornig, Lee, Talbert 18]
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NNLO subtractions

Double-soft integral for nested soft-collinear subtractions

q 40 oleg)
s$m Si
5 20
0
0 -20|
40|
-5
60|
“oo 0.5 10 15 20 oo 05 1.0 15 20
nj n;
04 ASi(f’”) [%] 0.4] Asi(igg) 1%]
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NERTIN| ‘ M L Ls olsvaleve N
[} et r [ttt ) feesits ¥
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