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The top quark is the heaviest particle found so far
Only quark capable of cscaping infrared slavery
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: compute piece necessary for N3LL' calibration

or for determination at a future ere- collider



Measuring/calibrating the top mass

Tops decay very fast and, if boosted, form jebs

Ak ¢Te™ collider m; measured with precision betbter thawn Aqcp

using evenlk sk&pes
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High semsé%iviﬁtj ko Eoy nass i pe&ml«f region § =

Hence we have Q) > my ~ M; > I} > Aqcep EFTs called for



Sequence of EFTs in peak region
Consider the doubly differentiol hemisphere mass distribution
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Consider the doubly differentiol hemisphere mass distribution

Integrate out

Hard Modes . .
ik factorizes ok
Factorize Jets, Integrate L@.Qdiy\g FONQT LA
out energetic collinear ——> :
gluons 2
¢ Ft S
Evolution and Q ) mt, m,

decay of top —>»
close to mass shell

dQO_(dijet)
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X

Hard plece khown at 3-loops, soft ok 2/3 loops. What aboub jek?






Jet function for boosted tops

For S=2v-7r and in the pole scheme, ohe has

BGOT) = [BG+i)], BG) =t [z O (R OW,(0)Wi()h(x)} 0}

Appears in factorisation theorems for

o Doubly differential hemisphere mass
o Thrust

o C-parameter (C-jettiness)

o N-jettiness

In position (Fourier) space obejs non-abelian exponentiation
[Gardi, Smillie, White]
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Jet function for boosted tops

For S=2v-7r and in the pole scheme, ohe has

B(5,0,T) . “B(a il B(§)E4W;T:mt /dda:ei7“""”<O|T{hv(O)Wn(O)W,,f[(x)hv(x)}]O>

Kiowh abk 1- and zmtoops [Jain, Scimemi, Stewart, 2009]



For S=2v-7r and in the pole scheme, ohe has

BGOT)=  [BG+iT)], BE)= - — [dec T (R, OWaOW(@)h ()} 0)

Known at 1- and 2-loops [Jain, Scimemi, Stewart, 2009]
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Lompi&m%j of computation
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Lomptﬁx&j oﬂf ﬁmmpuﬁaﬁnom

diagrams 4 50 ""‘1*‘10 e

Scalar integrals 3 70 5400 ?

Master integrals 1 3 R0 ?

Workflow

Generate diagrams —p map to families —p Obtain integrals

Complexity similar to that of a soft function for heavy-to-light
decavs: use s&ro&egj similar to [Bruser, Liu, Stahlhofen 2020]
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Convolubtions i momentumn space, produ&&s LA posi&iom space




"Dbfﬂf@.rem% nfo»rms c:-ﬂf jéﬁ% ffumt%wm
Jet jumction needs to be renormalised and RG-evolved

Convolubtions i momentumn space, produ&&s LA posi&iom space

We have derived closed or recursive expressions for
o ALl renormalization factors

ALl divergent pieces ik

B /i]—l—]_ n

3

o Relations between coefficients | %
J=

o

Relakions ko shorb-distance masses



diagrams generated
with ggraf [Nogueira 1993]




Some boer debails

1100 diagrams generated
wikh qgra{ [Noqueira 1993]

Results processed with Looping [Briser, unpublished ]
o Identify integral families [Pak 2012]
o Color and Dirac algebra with FORM and colorh
o Partial fraction using Grrobner basis [Pak 2012]
o Use momentum shifts to reduce inteqrals

o Discard scaleless integrals
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o Identify integral families [Pak 2012]
o Color and Dirac algebra with FORM and colorh
o Partial fraction using Grrobner basis [Pak 2012]
o Use momentum shifts to reduce inteqrals

o Discard scaleless integrals

Left with £400 scalar integrals






Integral reduction

o IBPY reduce each ¥am£tj with FIRES [Smirnov, Chuharev 2020]
and LiteRed [Lee 2014 ]
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Integral reduction

 IBP reduce each f&mitj with FIRES [Smirnov, Chuharev 2020]
and LiteRed [Lee 2014 ]

Map across families with looping —> Left with 21 MI

Use dim-shifts bo find an exbtra relation — 20 MI

- dE2) - d£2i(d) -
g — Tq(: 2)g(di2) Lol gl Ti Z)Tj(: )g(d)

Obtain same result with KIRA [25608.20197] in a (much slower)
single step

Other packages: worse performance



Master integrals

/AN

O IDIR
DI

B Product of 1- and/or 2-loop M Mellin-Barnes
B HQET propagator type Dim. rec. to finite integrals

NI =




How to &ompuéa the M1s?

o We aim for analytic resulks, If possible, keep all orders in €

if nob, expand in small € up to the necessary order

o 7 either known [Smirnov 2017] or products of 1- & 2-loops
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o We aim for analytic results, if Fassﬁbb&, keep all orders in €

if nob, expand in small € up to the necessary order
o 7 either known [Smirnov 2017] or products of 1- & 2-loops

o Resk need spaﬂba\i Eaﬂhniques

Mellin-Barnes

wse Ldeh&i.&j
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o We aim for .14 Fwssibt&, keep all orders in €

U not, expand th small € up to the necessary order
o 7 either hnowin [Smirnov 2017] or produ&:&s of 1- & Z*i.oops

o Rest need

Mellin-Barnes Quasi-finite integrals

use identity Search for finite integrals in d+2n
with Reduze2 [2012]

(A+B)™* = /C ;;F(SE&)_ ) gs2ps Compute finite integrals with
HyperInt [Panzer 2016]

Relate to MI with dim-shifts and
iRy

wse Cau«chj’s theorem

all orders in € exgamdecl i €






Resulk mfm* the j@.% ﬂfuma‘&om

First, recompute 1- and 2-loop bare jet functions for arbibrary d

~S

Main result: non-logarithmic piece of renormalized b= log(B)
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Result for the jet function

First, recompute 1- and 2-loop bare jet functions for arbitrary d

~S

Main result: non-logarithmic piece of renormalized b= log(B)
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logarithmic pieces are obtained from anomalous dimensions
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Result in other spaces: use general relations given in paper
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Z-foctors

vaop cusp and hoh-cusp anomalous dimensions khnowi
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Z-foctors

3*1,00? cusp and hoh-cusp anomalous dimensions kiowin

[Korchemsky and Radyushkin, 1987, Moch, Vermaseren and Vogt, 2004]

[Hoang, Pathak, Pietrulewicz and Stewart, 2015, Briser, Liu and Stahlhofen, 2020, Becher and Schwartz, 2008]
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[Korchemsky and Radyushkin, 1987, Moch, Vermaseren and Vogt, 2004]
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Cross checles

erroduee S*Loop cusp and non-cusp anomalous dimensions
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pySecdec [2305.1976% ]
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Cross checles

errodu,ce Swi.oop cusp and non-cusp anomalous dimensions

ALl MI checked numerically with FIESTA [1511.03614 ] and
pySecdec RELEREY 34

Computation in arbitrary covariant gauge: gauge parameter drops
Ti piece makches large-f result [Gracia VM, 2021]

bsp aqrees wikh asymptotic estimate of [Gracia VM, 2021]

Satisfies non-abelian expomev«,&m&wm [Gardi, Smillie, Whike]
for any d



Short disktance scheme

The v = 1/2 renormalon of jeb function cancelled when switching
to (Low-scale) shorb-distance scheme such as MSR mass

B(8,0m By i) = bt [B(é — 26m + iy, ,u)] = exp (—25m%>3(§, 0,10 dm ==



The of jeb function cancelled when switching
to (low-scale) short-distance scheme such as MSR mass

B(8, 0m B i) = b [B(§ — 20m + I, yJ)} —fexp (—25m%)3(§, 0,18 dm ==

Studied two alternative jeb-mass schemes

o Derivative schemwe [Jain, Scimemi, Stewark ooy ]

0/
sm? (4, R) = “= { ;

2 Ldlog(#e) o 1) }

txeYE =14

|6mMSR(R) — 6m7(R, R)| [GeV]




The of jeb function cancelled when switching
to (low-scale) short-distance scheme such as MSR mass

B(3,0m i) =i [B(§ — 20m + I, ,u)} —fexp (—25m%)3(§, 0,18 dm ==

Studied two alternative jeb-mass schemes

o Derivative schemwe [Jain, Scimemi, Stewark ooy ]

o Nown-derivative schewe [Gracia, VM 2021 ]

YE : S
5 (11, R) = 2 { : i

5 dlog(ix)log[mé(x,u)}} 5mJ(R)_ 5 log[mé( : ,R)}

ize"E=1/R ’[:R@WE
6mMSR(R) — 6m” (R)| [GeV]

6mMSR(R) — 6m (R, R)| [GeV]

al®) (my) =0.1180




Four L@Op estimvate

Obtain an estimate for by based on u = 1/2 remormalon dominance

Using K-evolubion owne qgebs the exact relation

[ =i~k
Bi

o I : | |
bio = (250) Sk Z 97 (1 Wl l>kjl

1=




Obtain an estimate for byy based on u = 1/2 renormalon dominance

Using owhe qels the exact relation

o fit

I individual

-10 -8 -6 -4 -2 0 2 4 6
1y




Conclusions

o PHRET jeb function: universal ingredient in peak-region
factorization theorems for observables that probe the top mass

° Key for determining the top mass in renormalon-free scheme
o Cumgu&ed ko 3-~Loops using moderi mut&&%oop &eakmiqu&s

o Paves the way for N3LL' resummation. To be used in calibration

Cubtlook

o Greb the last missing F:E,ete at 3 Loops

o Compu&a ée-mioop anomalous dimension



