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Top quarkmassdeterminationsfrom odkproduction

Z Topgroup @ Uni Wienprecisiontop massdeterminations a{?ole 1795 4 0.7CeV (cross section) \

Z Top pairproduction: precisionstudiesat future linearcolliders m'© = 172.76 £ 0.30 GeV  (direct reconstruction)
i Thresholdscans->nonrelativistictops

_ _ [PDG, 20
u Directreconstructionfrom top decayproducts->boostedops

Am; = 50 MeV (threshold scan)

Z Usualtools: Am; = 100 MeV (direct reconstruction)
i Multipurpose Monte Carlo (MMC)

u Perturbativefixed-order (FO) CrojecteduncertaintiesforILC500 [Zarneckiet al, 11/

Z Ourwork: focuson analyticcalculationgn factorizationapproaches

i Systematicallyimprovable(order and/or expansiorlogarithmic A od(stable):1 # $ %7
accuracy [Czakonret al, 16, 17, 18

i Contrqlleduncertallnltles | A o top decay(NWAY1 # $ %7
i Analyticresummationof largelogarithms [Gao et al, 13, 17

A cm Va aw U 1#$ %7
[Heinrich et al, 14 [Denner et al, 1B

24.02.2022 D. Lechner, EW Effects in Top Jet Production, FAKT 2022




Topphysicsgroup @ Uni Wien
1

MC/Partonshoweraspects Topproductionat threshold \ supportedby

A ShowereffeCtS in d VS.(] ,Lj A . f dk E:rt:g;:;s::czlfr?teractions
A Soft andhadronizationimpacton ‘ Implementationof MSRmass

o ‘ scheme
A SinglepurposeMCforQ Q © & A Improvinginterpolation between

kinematicregimes
d A
(g

4l

C.Regney  Differential top - Electroweakeffects

Top decaysensitiveobservables Systematicinclusionof EW
UnstableW effects

Leptonspectraand (b)jet Coherentresummationof
observables EW and QCD logs

I Ruffa QCDcorrectionsin differential Finite-lifetime effects ) :
( distributions j - !
\ D. Lechner/
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2-jettiness: acasestudy

Jetdirections(pre-determined)
7 N—jettinessT [Stewart et al, 1D 0 — Particlemomenta
i Fieldtheoreticallywell-defined v =y min %Q_p’“
i Simple,yet generalin its IR-structure k '
i Topmasssensitive !

Z Important:
u TreatingEW(QED) effects necessitatesncludingthe beam (ets)

i Not veryrealisticconcerningbeamtreatment
i Important future direction: more differential observables!

Z Treelevel: BreitWigner Q=13 . OM energy

o = Q/my ... boost factor
1 (da

(0) 2T
d_'rg) = fBw (72 ~ Tmin; —QQJ By =+/1—4/p; ... quark velocity
' Tmin = 1 — 5 ... stable threshold

g0

# Radiativecorrections(QCD NLO andeyond) sizable
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Radiativecorrectionsto 2-jettinessfor cdproduction

: : : : . .. scal itude |GeV
g Ofinterest boostedjetregime© |1 n x a ,ie.smallf %Se magmf(l)gf)[ al

my 173
I'y 1.4

Z Dueto scaleseparation e.g. inthe peakregion Aqep <1

Z ComplexbeyondLO becauseof multiple scales

Q% > m?2 > Q*r —m? = miTs > o7 'mels > Aqep Topphysics= multiscaleproblem

—> Resummatiomecessary

~

u (EW)Sudakovogs: | 1 Tora , | |

u LargeQCDRQEDIogs:| 1 1t ,| 1 1%
i

&0

Z Factorizationpropertiesof N-jettiness Indicatespower-

N . «—— suppressefl
To =Te +Ts + O(TQ) non-singularterms

Z EffectiveField TheoryEFT)approach
i Soft-CollinearEffectiveTheory GCEY [Stewart et al, OL

i boostedHeavy QuarkeffectiveTheory pHQET) [Fleming et al, O
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Factorizationfor 2-jettiness in pure QCD

= Hq(Q. pt) X Hpy(or. my, 1) [Fleming et al, OF

X Jg;)(QQTQ,-m,t-.H-) ®.J ;—(Q‘T) my, 1) @ S(Qra, 1) + (9()\ 0;

Z Factorizationk product or convolutiond

Z EFTrovidethe possibilityto resumlargelogarithmic Q = 1000 GeV
correctionsby renormalizationgroup evolution | | | | |

d

L F(t,p) = vp(t, p) F(t, 1)

TP (t: p,) — I1(:1151) [055] lll(iﬂeﬂmt) + ’Y[OJS]

Z Formalismcanbe extendedto resumelectroweakSudakov
logarithmsconsistentlywith QCD logs

[Chiuet al, 07, 08, 09
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QCDstate-of-the-art (peakregion)

( F) Fcubpa /6
LL 1

i
0

= Ho(Q. ) X Har(or. my. 1) NLL (1) 2
1

NLL’ 2
. . Iy N2LL 3
x J (Q To, My, 1) @ JB; (Q*T2.me. 1) @ S(QTa, 1) + O(A 0 ) N3LL 2 4

Loop-ordersof resummationingredients

mi

¢ State-of-the-art QCD:
i NLL QCD +0O EW(width 3 in peakregion) [Fleming et al, 07, Q8

<
w

2-loop bHQET]et function [Stewart et al, OB

T T T T | T
[ Q =700GeV MSR 169537 GeV ]
u 2-loop SCETbHQETcurrentmatching [Pathaket al, 1% i

mmm NPLL

i N3LL-study peakregion) [Hoang et al, 2p
u 2-loop SCET massiyet function [Lepeniket al, 18

S
B

u
u
u
u

Z QCDfield-theoretic subtleties
i Non-perturbative corrections Renormalons

i TopmassschemegMSRmasg
u 3

(1/o)do/dM; [GeV ]

| 170 IIII 175 |
M j [GeV]
[Hoang et al, 2D

—O
N T
()]

Z EWonly LOsofar
Z Extendformalism: systematicallyincorporatesubleadingeWeffects
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Maste rfo FMmu I a (d ou b I ereson antcase Formalismextensionof

[Chiuet al, 07, 08, 09

| P _1
® BI™* ® 5,4+,

do,., . (P_.P KrP - N
i P, Pr) =522 T[p i My HapMY ) 5 15 @ 750 @ B

dmo dds F ’ ’ ©
K,p

Hardphasespace  Beampolarizations0 N plp Hardkinematics+ flux

Z Leptonchirality |l P, quarkchirality m

Z Isospindensitymatrix (inisospinspace:

p( Fe—tt — dlag(oaoa 190705 0)

Z Switchingoff QEDbelowelectroweakscale

do.i o i(P-, Py) _ 3 K" o"(P_, Py),

Tr |:pr'_r _H_JMJIHQJ\/[.RI} " * .

dTQj,Z e F \

CM framenow: & A T-9 Beampolarizationfunction
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=0

(daEW+ QCD _ dUQCD)/dO_QCD|Z

I
©

I
©
N

I
©
w
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Q = 1000GeV, P_ = —0.8, P, = 0.6,
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=0

(dO_EW +QCD _ do_QCD)/dUQCD|Z

I
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Q = 3000GeV, P_ = —0.8, P, = 0.6,

preliminary

i QCDNNLL
=+ QCDNNLL + EWLL
QCDyxnir + EWnrL

=+ QCDyyrp, + EWnie

TTTT-N

1 1 1 1
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Singleresonantcase

do . (P_.P K ¢5(P_. P . N
- d':(d ) — ér 8 Te[p ot Me MHoMIMI™ + J5Y @ TG @ 5.0,

2/Z

Z Thereareimaginarypartsin M, due bW-cuts M. D oz
c 5

£ Resonant/noaresonantinterferencecontributions
areobtainedby keepingtheseimaginaryparts

[Hoang,Reisser04

0.4}

Z Leadsto peakshift O(3050 MeV) [ ;
0.3 :

Z WIP: includingQCD logs ; ;
0.2 :

0.1¢

0 1 2

0.0/ |
~2 ~1

§t [GeV]
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Summary anautlook

EZ Summary.
Z Extensionof QCDfactorizationformalismto systematicinclusionof subleadingeWeffectsfor inclusive
boostedtop jet pair-production

Z Coherentresummationof QCDIlogs andEWSudakovogarithms

¢ 2-jettiness doubleresonantcrosssection(NNLL QCD+. , , O) foftifearcolliderenvironment(including
beampolarizationeffects)

Z Resonant/noaresonantinterference

Z Outlook:
Z Coherenttreatment of resonant/nonresonantinterferenceand QCDeffects

Z QEDbelowelectroweakscale

Z Realistichbeamtreatment (QED Weak?!)

Z Extendfactorizationformalismto more differential finalstate
i Topdecaysensitiveobservables
i Fragmentation
i 8

# Extensionof the formalismto LHC observables
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Sudakowevolution

Q = 1000GeV, ete™ — tt Q =3000GeV, eTe™ — tt

1.01

0.91

0.8r

0.7

0.6

1 " 1 1 0.5 N N N N 1 N N N 1 N N N N 1
100 500 1000 50 100 500 1000
s [GeV] par [GeV]

Chirality of operatorsshowrn left-left (for right-left andleft-right: SU(2)partsroughlyhalf the size
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| unpolarized ILCpolarization

o reliminar
preliminary P y

preliminary preliminary
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