Soft gluon resummation for the production of
four top quarks at the LHC
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» Four coloured massive particles in the final state
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WHY 4 TOP?

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

» Constrains SMEFT coefficients: e.g. four-fermion operator
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WHY 4 TOP?

» Measured at the LHC

» ATLAS [Eur. Phys. J. C (2020) 80, 1085; JHEP 11 (2021), 118; Phys. Rev. D 99, 052009 (2019)]

» CMS [Eur. Phys. J. C (2020) 80, 75; JHEP 11 (2019), 082]
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WHY 4 TOP?
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WHY 4 TOP?

» Measured at the LHC

» ATLAS [Eur. Phys. J. C (2020) 80, 1085; JHEP 11 (2021), 118; Phys. Rev. D 99, 052009 (2019)]

» CMS [Eur. Phys. J. C (2020) 80, 75; JHEP 11 (2019), 082]

» Theoretical predictions for total rate: NLO (QCD + EW) available
[Bevilacqua, Worek (2012)], [Frederix, Pagani, Zaro (2017)],[JeZo, Kraus (2021)]
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WHY 4 TOP?

» Measured at the LHC

» ATLAS [Eur. Phys. J. C (2020) 80, 1085; JHEP 11 (2021), 118; Phys. Rev. D 99, 052009 (2019)]

» CMS [Eur. Phys. J. C (2020) 80, 75; JHEP 11 (2019), 082]

» Theoretical predictions for total rate: NLO (QCD + EW) available
[Bevilacqua, Worek (2012)], [Frederix, Pagani, Zaro (2017)],[JeZo, Kraus (2021)]

GOAL: extend the precision of theoretical predictions beyond NLO
for pp — tttt by means of resummation techniques
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RESUMMATION

» Perturbative expansion cross-section

. In"(1 —M*/s
o = E cnozg’ = Cp + Cc10s + czozg + ... with ¢, =f,+ E dnkL‘lc , Lk = 1(_ MQ/S/ )]
n k=0 +
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» Perturbative expansion cross-section
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» Soft Gluon Resummation

» Systematic treatment to all orders: resummation
In(1 — M?/s)
1—M?/s
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» Relies on ME and Phase space factorization — Mellin space L := {
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» Perturbative expansion cross-section

. In"(1 —M*/s
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n k=0 +

» Large logs L can spoil predictive power, L¥ — oo for M? ~ s

» Soft Gluon Resummation

» Systematic treatment to all orders: resummation

~

In(1 - M%)] & L:=InN
+

1—M?/s

» Relies on ME and Phase space factorization — Mellin space L := {

~ o~

0 (N) ~ F(as)exp [f/ g1(asL) + g2(asL) + ]
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RESUMMATION

» Perturbative expansion cross-section

. In"(1 —M*/s
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n k=0 +
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» Soft Gluon Resummation

» Systematic treatment to all orders: resummation
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» Relies on ME and Phase space factorization — Mellin space L := {
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RESUMMATION

» Perturbative expansion cross-section

. In"(1 —M*/s
o = E cnag’ = Cp + Cc10s + czozg + ... with ¢, =f,+ E dnkLk , LF = 1(_ MQ/S/ )]
n k=0 +

» Large logs L can spoil predictive power, L¥ — oo for M? ~ s

» Soft Gluon Resummation

» Systematic treatment to all orders: resummation

~

In(1 - M%)] & L:=InN
+

1—M?/s

» Relies on ME and Phase space factorization — Mellin space L := {

0 (N) ~ F(as)exp [Fgl(asf))] %—[gg(asf/)]—k ]
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RESUMMATION

» Perturbative expansion cross-section

. In"(1 —M*/s
o = E cnag’ = Cp + Cc10s + czozg + ... with ¢, =f,+ E dnkLk , LF = 1(_ MQ/S/ )]
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» Large logs L can spoil predictive power, L¥ — oo for M? ~ s

» Soft Gluon Resummation
» Systematic treatment to all orders: resummation
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RESUMMATION

» Resummed partonic cross section for pp — tttt in Mellin space

Ares — = = w —_— - x .
Tjj—stttt =Tr| HU—>tttt Sy—>tttt } Ai A

= Tr H,'j_>tftf Ug—nftf Sfj—>tftf UU—Hftf ] Aj Aj
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» Resummed partonic cross section for pp — tttt in Mellin space

Ares T o o Incoming jet funcions
Tjj—>tFtt — Tr| H:j—>tttt Sfj—>tttt }-

(soft-)collinear enhancements
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RESUMMATION

» Resummed partonic cross section for pp — tttt in Mellin space
Incoming jet funcions
(soft-)collinear enhancements
=Tr H.-'j—>tftf Uij—>tftf S{i—>tftf U:j—nrftf J-

Hard function Soft function

—_

~res _ » _
g Tr| Hu—>tttt

[j—tttt — Sij—>tftf

constant contributionsas N — oo soft wide-angle enhancements

d
Ui (N, M?, ﬂ%“a H%{) = Pexp [/ ?q Lij i (as(qz))]
L
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RESUMMATION

» Resummed partonic cross section for pp — tttt in Mellin space
Incoming jet funcions
(soft-)collinear enhancements
=Tr H.-'j—>tftf Uij—>tftf S{i—>tftf U:j—nrftf J-

Hard function Soft function

—_

~res _ » _
g Tr| Hu—>tttt

[j—tttt — Sij—>tftf

constant contributionsas N — oo soft wide-angle enhancements

M/N g0 || Soft anomalous dimension
— L3 Seiet (Ofs (g ))' :
q (SAD) matrix

U?lj—>tftf_;(Na Mzu“%‘a“%{) = Pexp |;/
m
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COLOUR STRUCTURE

» One-loop SAD matrix needed at NLL

M/Nd
q
—T

Ui (N, M?, ,U«%?a H%z) = Pexp [/ ij—tttt (as(qz))
7

8% o 2 2

» qq — tttt: 3®§=3®§®3®§_>1@8:0@(2x1)@(2x8)@85®84®10@1‘0@27

6-dimensional colour space

> gg ottt : 88 =393233—-00108sD8,D10D10® 27 =

06(2x1)B(2x8) B8sH84B 105 10627

14-dimensional colour space
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COLOUR STRUCTURE

» One-loop SAD matrix needed at NLL

Uij%tftf(N: Mz: ,U,%», “?{) = Pexp |;/
m

T e (2)

p
> g otitt: 3®3=3R333--198=08

Q 2 _ (2
Lijeme (o) = (?S 2)

> gg ottt : 88 =393233—-00108sD8,D10D10® 27 =

ij—tttt (as(qz))

1] —>tttt

Diagonal SAD matrix

2 Re (I‘g))

- [_IRQRUR=§R exp 9o

In(1 — 2)\)]

with A = Qfsb() 111(N)
+ ...

(2x1)®(2x8)®8s®8®10® 10 27

6-dimensional colour space

06(2x1)B(2x8) B8sH84B 105 10627

14-dimensional colour space
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COLOUR STRUCTURE

> qgotitt: 33=33R33 >198=00|2x1)®(2x8)®8s®8A/®10d 10 27
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[Keppeler, Sjodahl (2012)]
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COLOUR STRUCTURE

> qg o titt: 33=39333 ->168=03
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[Keppeler, Sjodahl (2012)]
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COLOUR STRUCTURE

> gg ottt : 88 =3932393—>05158:s98, 1061062705 (2x1)B(2x8)BB8s® 84 H 104106 27

A = e e R e S

%' = Tia V2(NZ —15N3 T el leies @ ;R N \/2(1\’27—1 Sercifases 0l
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[Keppeler, Sjodahl (2012)]

Laura Moreno Valero Soft gluon resummation for four top quarks




COLOUR STRUCTURE

> gg ottt : 88 =3932393—>05158:s98, 1061062705 (2x1)B(2x8)BB8s® 84 H 104106 27
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COLOUR STRUCTURE

> gg ottt : 88 =3932393—>05158:s98, 1061062705 (2x1)B(2x8)BB8s® 84 H 104106 27
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COLOUR STRUCTURE
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SAD MATRIX

» One-loop SAD matrix needed at NLL
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SAD MATRIX

» One-loop SAD matrix needed at NLL Diagonal SAD matrix
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SAD MATRIX
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RESUMMATION: NLL and NLL
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MATCHING 7/
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RESULTS
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RESULTS for /S = 13.6 TeV
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TOP MASS DEPENDENCE
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CONCLUSIONS
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