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Introduction

Top quark mass as a test of the Standard Model

Standard Model of Elementary Particles e Couples the strongest to the Higgs

three generations of matter interactio(l;s Ifor:)e carriers
(fermions) osons)
! ] m e Its mass (along with «;) determines if
,‘-,M ;?JSMeV/(] Zz/l.meev/(] zzlmsmev/(] 2 ;st.zcev/q] k . bI
OO |I® || O® | @ the electroweak vacuum is stable
up J charmJ top N gluon higgs [DegraSSI et al., 2012]
=47 MeV/c[] =935 MeV/c[] 24183 GeV/c[] o . . .
'®1'® I'® | @ e Uncertainty in Higgs and W mass
down || strange || bottom || photon determinations from electroweak fits
) J I .
v e e | S sensitive to the top quark mass
-1 -1 -1 0
@& |r® (@ || @ [Haller et al., 2018].
electron muon tau Zboson
W o\ e () s e For direct m; measurements, calibrating
W W [-® (@ parton-shower Monte Carlo event
& electron muon tau W boson . .
| neutrino neutrino neutrino \ generators IS Cruc'al
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Introduction

Using event shapes to measure the top quark mass

e Event shapes for massless quarks in ete™
colliders used to learn about hadronization,
check group structure, determine ay, etc.

e A class of event shapes can be used to
determine the top mass with a precision
< Aqcp at a future ete™ collider

[Fleming et al., 2008a].

e The maximal sensitivity is attained in the
peak of the distribution where bHQET
[Manohar and Wise, 2000] and SCET
[Bauer et al., 2002] are applicable.

hemisphere a

[Mateu and Rodrigo, 2013]
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Introduction

EFT approach in the peak region

M2 — m?

Integrate out
_—
Hard Modes @ Q

Factorize Jets, Integrate
out energetic collinear —>
gluons

Evolution and
decay of top —>»
close to mass shell

[Fleming et al., 2008b]
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Introduction

Factorization theorem

The double hemisphere invariant mass differential distribution reads

d20.(dijet)

Q
T2 31479 O-O-HQ(Qa MQ),Ufm)-Hm<mta Evumvu

AM2AME

ME —Qe* M2 — QU
></d€+d€_B+(l(% — my, I, ,u)B(ZC% — my, I}, /1) S(€+, -, ,u),

my

my

where, for I =0, dmy; =0andv=r -z

—1
47rNcmt

B(3, 1) = Im [

n

/ dl i (O[T (o (0) Wi (0)W

<x>hv<x>}ro>] .
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Introduction

The three-lop jet function

e The jet function is already known analytically at two loops [Jain et al., 2008].

We increase the precision by one order reaching three-loop accuracy. ]

e Our results can be used to obtain the top quark mass at a future linear or circular
ete™ collider with high precision and to improve the calibration between m%VIC and
mMSR at N3LL' [Hoang, 2020].

e Once H,, is known at three loops (and I'. at 5 loops), the thrust cross sections in
the peak region will reach N3LL' (N*LL) precision.
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Introduction Computation of
the jet function

The bHQET jet-function

—1
47rNcmt

B(4, 1) = Im [

/ dl i (O[T (T (0) Wi (0)W () (2)}0)

(v-r=23)

The momentum 7 only flows through the HQET propagators in the same direction as v.
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Introduction

Computation of
the jet function

Strategy of a multiloop computation

The computation requires special techniques to handle the large number of diagrams.

Generate diagrams
~ 1000 diagrams
ggraf
[Nogueira, 1993]

Map to families
Looping [Briiser, np]

[ Mellin-Barnes

Finite Integrals (dim. shift)
HyperInt [Panzer, 2015]

Solve 20 Ml ]<—

Obtain the integrands
Using partial fraction
~ 5000 scalar int.

FORM [van Ritbergen et al., 1999]

-

IBP reduction
Fire, LiteRed

[Smirnov and Chuharev, 2020]

J
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Introduction Computation of
the jet function

Master integrals

B Product of 1- and/or 2-loop M Mellin-Barnes
M HQET propagator Finite integral
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Introduction

Computation of
the jet function

Result for the three-
loop jet function

Result for the three-loop jet function

The O(a?) non-logarithmic part of log(FT[B]) reads

(log 3)30 =
(2037r2g3 105398¢3  236(3 . 902¢5 31952191 9382172  30237? 1031776)C o2
27 243 9 9 26244 8748 4860 10206 /) FA
3488¢3 846784 8m2 527t 10760¢3  8m2Cs  224¢s 124717 5572 1487
( — —)cFT,%nf i ( 4 + = = 4 )c?,Tan
243 6561 243 ' 1215 81 9 9 486 54 405
1664¢3  76w2C3  88(Cs 5273287 1279372  421x?
4 = _ =0 _ = = CpCaTrnyg .
81 27 3 6561 2187 1215
J

v/ All MI checked with FIESTA/pySecDec. v T2 matches [Gracia and Mateu, 2021].
v Gauge parameter drops out.

v/ Recovers the anomalous dimension.
v/ Agrees with the numerical estimate of

v Verifies non-Abelian exponentiation th.
[Gracia and Mateu, 2021]. [Gardi et al., 2013]. 10/13



Introduction

Computation of
the jet function

loop jet function

Other topics discussed in this paper

Result for the three-

-
(ST B One- and twc_)—loop Closed forms for Z factor
, results for arbitrary d s dz ~(z)
5 DS g e = [ Z D
Bin ==— Bijljl'kj41-n o d—2 0o T e+p(z)
n. —" Bl =4—— Ml CF a
Jj=n d—4 Zo(as) =e#Bas)
.
e 1
Jet function f Short-distance masses Fourth-loop estimate
€ unction for [6mMSR(R) — 6m”(R, R)| [GeV] .
unstable quarks ‘ ‘ : T loop
20F —— O(oy,) E o 3000F T 2-loop o
A S o(a::) & 1 3-loop
B(3,0m, Iy, p) = L o) E; 2000 II I 1
ds’  B(§, )y E = oof ! 14
exp(—25m8§) — 5 o5 o (my)=0.1180 . , i
w (S - S/)2 + Ff2 0 30 T00 . 3 4 5
R [GeV] n
N\ J J
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Introduction Computation of Result for the three- Summary
the jet function loop jet function

e The jet function is a common ingredient in the factorization theorems for several
observables in boosted heavy quark production.

e |t takes a central role in determining the top quark mass in a renormalon-free scheme
and in parton shower Monte Carlo generators.

e We outlined some of the techniques required to solve the problems that appear when
studying processes at more than one loop.

e We have analytically computed the 3-loop jet function: to appear soon in arXiv.
e Paves the way to N3LL' and N*LL resummed cross sections.

e Outlook: Phenomenological analysis (see [Bachu et al., 2021] for 2-loop study).
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Introduction Computation of Result for the three- Summary
the jet function loop jet function

Closed forms for Z factor

% dz y(z) :
Z(%Oés) E/ N /8 cD(&s) = _2as/8 Qs ).
0 T e+ f@) Qe (as) (@)
. b 2e7E &
e For the strong coupling, a 2™ = (”M ) Zaloas(p)] as(p):
u(ila; = —2eas + Bqep(as), Zo(as) = exp{—z(@,as)].

e For the position-space jet function, B*®(z) = Zg(z, u) B(x, ) :

dl Z c . nc = . zgla

dcl)fguB = — 2T%(a) log(izpue’®) — 5 (as),  Zp(w, 1) = Crlas(p)] (izpe™®)?2 W],
1 nc (&}

Cp(as) = exp|52(VB + 2B, ) |, zp(as) = 2(I', ).
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Introduction

Computation of
the jet function

Short-distance masses

|[omMSR(R) — 6m”(R, R)| [GeV]

Summary

Result for the three-
loop jet function

Iém}“SIR({%) —om” (R)| [GeV]

3 T T B [ 1
20F — O(ay) 3 2.0
E O(a? L
1.5F () 1.5F
F— 0()) -
1.0F 1.0F
0.5} ] 055
- al?(myz)=0.1180 I : al?(myz) =0.1180
0.0 M T R T R 0.0 L M R B
50 100 150 : 50 100 150
R [GeV] R [GeV]
ReVE ~ , ReVE _ 1
sm” (u, R) = { log[mB } T(R) = =& —
m” (u, R) 5 dlog(iz) Og[m (:L“,M)] reerE 1R om” (R) 3 10g[mB<iReWE’R)]
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