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INTRODUCTION

WHY 4 TOP?

» Four coloured massive particles in the final state!
» Sensitive to new physics (gluinos, scalar gluons, heavy scalar bosons, ...)

» First evidence:

» ATLAS [eur. Phys. J. C 80, 1085; JHEP 11, 118; Phys. Rev. D 99, 052009]
» CMS [Eur. Phys. J. C 50, 75; JHEP 11, 082]
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CMS
[Eur. Phys. J. C 80, 75]
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INTRODUCTION

WHY 4 TOP?

» Four coloured massive particles in the final state!

» Sensitive to new physics (gluinos, scalar gluons, heavy scalar bosons, ...)
» First evidences:

» ATLAS [Eur. Phys. J. C 80, 1085; JHEP 11, 118; Phys. Rev. D 99, 052009]

» CMS [Eur. Phys. J. C 50, 75; JHEP 11, 082]

» Theoretical predictions for total rate: NLO (QCD+EW) available

[Bevilacqua, Worek (2012)],[Frederix, Pagani, Zaro (2017)],[Jezo, Kraus (2021)]

Laura Moreno Valero Absolute-mass threshold resummation for four tops




INTRODUCTION

WHY 4 TOP?

» Four coloured massive particles in the final state!
» Sensitive to new physics (gluinos, scalar gluons, heavy scalar bosons, ...)

» First evidences:

» ATLAS [Eur. Phys. J. C 80, 1085; JHEP 11, 118; Phys. Rev. D 99, 052009]

» CMS [Eur. Phys. J. C 0, 75; JHEP 11, 082]
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for pp — tttt by means of resummation techniques
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GOAL: extend the precision of theoretical predictions beyond NLOJ
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RESUMMATION

» Improving theoretical precision via soft gluon emission

» Gluons emitted from coloured particles

Laura Moreno Valero Absolute-mass threshold resummation for four tops




RESUMMATION

» Improving theoretical precision via soft gluon emission

» Gluons emitted from coloured particles

» Close to production threshold, only low energetic gluons

Laura Moreno Valero Absolute-mass threshold resummation for four tops




RESUMMATION

» Improving theoretical precision via soft gluon emission
» Gluons emitted from coloured particles
» Close to production threshold, only low energetic gluons

» Logarithmic terms grow as threshold is approached

Laura Moreno Valero Absolute-mass threshold resummation for four tops




RESUMMATION

» Improving theoretical precision via soft gluon emission

» Gluons emitted from coloured particles
» Close to production threshold, only low energetic gluons
» Logarithmic terms grow as threshold is approached

» Softness variable w (~ distance to the threshold)

w=1-p=1—-M?/s with M=4m, (absolute mass threshold)

log"(1 - p)
1-p .
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RESUMMATION 4

6log~14as(L+1)+a2 (L+ L2+ L+1)+...
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» Large logs L can spoil predictive power of perturbative series
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RESUMMATION 4

6log~14as(L+1)+a2 (L+ L2+ L+1)+...

» Large logs L can spoil predictive power of perturbative series

» Soft Gluon Resummation
» Systematic treatment to all orders: resummation
» Relies on: |M|? and Phase Space factorization — Mellin space

. [Iog(l —r)

] — Z:=IogN
1-p |4

G"(N) ~ F(as) exp [Zgl(aSZ) + go(asl) + }
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RESUMMATION

6log~14as(L+1)+a2 (LB+ L2+ L+1)+ ...

» Large logs L can spoil predictive power of perturbative series

» Soft Gluon Resummation
» Systematic treatment to all orders: resummation
» Relies on: |M|? and Phase Space factorization — Mellin space

L:= {M] — L= log N
1-p |4
G"(N) ~ F(as) exp [Zgl(aSI:) +-+ }
LL NLL

n 2n n 2n—1
allog™ N ol log N
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RESUMMATION

» Resummed partonic cross section for pp — tttt
3,5?355 =Tr [ Hij—>tfttT Sij—>tEtE ] Aj Aj

=Tr [ Hij—>tftf Uij—>tftf Sij—>tftf Uij—)tt_‘tf } Aj A

with

/N g

Ujisemee(N, Q% uf, %) = Pexp [/ T | Y (as(qz))]
U
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» Resummed partonic cross section for pp — tttt

Ares 1
&3 vmer = 10 | Hijemer Sijerer || A7 A Incoming
Yottt [H; J ] ’| jet functions

=Tr [ Hij—>tftf Uij—>tftf Sij—>tftf Uij—)tt_‘tf } Aj A

with

Q/N dq

Ujisemee(N, Q% uf, %) = Pexp [/ " | TINEN (as(qz))]
U
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» Resummed partonic cross section for pp — tttt

Ares 1
8% vrer = 10 | |Hijo et | Sijmerer || A7 A Incoming
Yottt [|Hs J ] ’| jet functions

=Tr [ Hij—>tftf Uij—>tftf Sij—>tftf Uij—)tt_‘tf } Aj A

Hard Function

with

Q/N dq

Ujisemee(N, Q% uf, %) = Pexp [/ " | TINEN (as(qz))]
U
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» Resummed partonic cross section for pp — tttt

Ares 1
& vrer = 10 | |Hijo et | Sijmere || | A7 4| Incoming
Yottt I J ] ’| jet functions
=Tr [ Hij—>tftf Uij—>tftf Sij—>tftf Uij—)tt_‘tf } Aj A

Hard Function Soft Piece

with

Q/N dq

Ujisemee(N, Q% uf, %) = Pexp [/ T | Y (as(qz))]
U
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RESUMMATION

» Resummed partonic cross section for pp — tttt

Ares 1
& vrer = 10 | |Hijo et | Sijmere || | A7 4| Incoming
Yottt I J ] ’| jet functions
=Tr [ Hij—>tftf Uij—>tftf Sij—>tftf Uij—)tt_‘tf Aj A

Hard Function Soft Piece

with
Soft Anomalous
Dimension Matrix _

Q/N dq
q

Uij—>tEtE(Na Q27 :U/%-'v ,U%?) = Pexp [/ 1—‘ij—>tftt? (O‘S(qz))
I

Laura Moreno Valero Absolute-mass threshold resummation for four tops




RESUMMATION

)

» One-loop Soft Anomalous Dimension F:j—>tftf

L (% () as\2 1 (2)
L (as) = (?) Fij—>tftf + (?) 1-‘ij—ﬂﬂ‘f T
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RESUMMATION

. . (1)
» One-loop Soft Anomalous Dimension I‘U_mtt

L (% () as\2 1 (2)
L (as) = (?) Fij—>tftf + (?) I‘ij—ﬂftf T

» In the absolute mass threshold (for N, = 3)

. 3 3 3 3
Re[l"fvlq_m“] = d|ag<0,0,— )

2727272
O g 3 3 3 3 3 3 3 3
R'e[rgg—)tftt_']_ dlag<_4:_3a _3)_2)_57_57_57 57 Ea Ea Ea 550)0

[Quadratic Casimirs of the corresponding SU(3) representations]
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RESUMMATION: NLL and NLL' 7

H— HO 4 2R yay
™
§_ g0 as(ur)gm
T
» NLL accuracy: exponential functions at NLL together with
Tr [HS] = Tr [HO8®]
» NLL’ accuracy: exponential functions at NLL together with

Tr |:H§i| — [H(O)S(O) ( ) H(l)s(o) Oés(,lLR) H(O)s(l)

™
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RESUMMATION 8

NLL( dN  _ s
Utftf( )(T) = /C Pl NE(N+ 1, 57) (N + 1, 47) G eere(N)
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RESUMMATION 8

NLL(’ dN — ~TEs
Utftf( )(T) = /C i V(N + 1, 17) fi(N+1,u%)6 6% ez (V)

» Combination fixed-order 4+ resummation = Matching

NLO+NLL
N NEO) = MO+ [ SR NN L) N+ 147)

|:Azei>tttt(N) Azeitttf(NNNLO}

avoid double counting with NLO!
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RESULTS
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Ottt (fb)

RESULTS
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NLO 11.007%2%
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NLO(QCD+EW) 11.647232%
NLO(co+Ew)+NLL’ | 13.37135% 1.15

7-point scale variation
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SUMMARY

Preliminary o summary, VS =13 Tev July 2022
....... NLO(QCD+EW)+NLL' , LUXged_plus_PDFALHC15_nnlo_100 O ur result
B scale uncertainty
[ scale @ PDF uncertainty
NLO(QCD+EW)+NLL’
, +3.6% +6.9%
ATLAS 13.37 (2) —11.4% —6.9% fb
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