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New Physics, which one?

Direct Searches

Indirect Searches

Mimasu

m
EFT approaches: e

e Systematic approaches
* Cover large class of UV models
e Many parameters
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New Physics, which one?

Direct Searches THIs TALK!
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_ Indi rect Searches

K. Mimasu

m
EFT approaches: e

e Systematic approaches
* Cover large class of UV models
e Many parameters
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Which SM?

interactions | force carriers
(bosons)

three generations of matter
(fermions)

tt number of events:
‘Runl: 2.71+3.82 min
Run2: 152* min
'Run3: 2514 min
"HL-LHCS: 3.1 bin

o= 1:179.6 pb 2:256pb 3:833.9pb 4,5:926pb
NNLO-NNLL Top++v2.0

SCALAR BOSONS
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The Model

5 ) 1S

CP-EVEN CP-ODD NEW BSM
e STATE

p-pair production
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The Model
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Which processes?

Virtual 3> <

IMPLEMENTATION:
MGS5 + Dedicated UFO model

g _ HEFT, Bologna -~ :
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Purely Virtual Corrections

Ct = 1, 6t =0
OLOqcep
mg =300 GeV
ms =107 GeV
mg =10 GeV
mg =1 GeV
ms =101 GeV
ms =102 GeV
mg =103 GeV

800 1000 1200 1400
m(tt) [GeV]

HEFT, Bologna
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JNP/ULOQCU

Ct = 0, 5{/ =1
OLOgep
mg =300 GeV
mg =107 GeV
mg =10 GeV
mg =1 GeV
mg =10"" GeV
mg =10"2 GeV
mg =107 GeV

=I=|=|='='

m(tt) [GeV]

1200 1400
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Purely Virtual Corrections

ctzl,étz()

OLOpc
2 Oqen

Ms dependence mg =300 GeV
S ms =107 GeV
mg =10 GeV
mg =1 GeV
mg =101 GeV
mg =102 GeV
mg =102 GeV

log

800 1000 1200 1400
m(tt) [GeV]

HEFT, Bologna
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JNP/ULOQCU

Ct = 0, 5{/ =1
OLOgep
mg =300 GeV
mg =107 GeV
mg =10 GeV
mg =1 GeV
mg =10"" GeV
mg =10"2 GeV
mg =107 GeV

=I=|=|='='

m(tt) [GeV]

1200 1400
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Adding the real

¢ =1,6=0
mg =300 GeV =
mg =10* GeV
mg =10 GeV

mg =1 GeV

mg =10"1 GeV
mg =10"2 GeV
— mg =102 GeV

Ct:O,étzl

800 1000 1200 1400 800 1000 1200 1400
m(tt) [GeV] m(tt) [GeV]
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Adding the real

2
o mg dependence

s disappears

¢ =1,6=0
mg =300 GeV =
mg =10* GeV
mg =10 GeV

mg =1 GeV

mg =10"1 GeV
mg =10"2 GeV
— mg =102 GeV

Ct:O,étzl

800 1000 1200 1400 800 1000 1200 1400
m(tt) [GeV] m(tt) [GeV]
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¢ =0, pr(9) < 20 GeV

pr(S) < 20 GeV

o
Il
S|

pr(S) < 20GeV

pr(S) < 20 GeV

S ERENE

&= :E, pr(S) < 20GeV

Mixing the couplings

Small masses:
Constant shapes
CP-even more
s = 300 GeV
bounded s ¢

|€.]= .\ c 242 !
mg = 250 GeV

Ct

¢ = arctan —
c

& mg = 200 GeV

mg = 150 GeV

mg = 50 GeV

ms = 10 GeV

ms =1 GeV

Simone Tentori

Large masses:
CP-odd more
bounded

HEFT, Bologna
12/05/2024



The Model
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The Model
ENP — —?? Ct [ Z.ét’}/5 £S

‘ Recycling is an environmentally friendly practice

—LZ lit-—l ‘1‘2/%{75 Ll

Naturally Arising in Higgs
SMEFT Boson

Simone Tentori 12/05/202"4°g“ . B UCLouvain

1A LIRERTE DE CHERCHER




Fit: 1 parameter

Doable and done! Look at:
[CMS: 1907.01590]
[CMS: 2009.07123]

Sonstruction

HEFT, Bologna

Simone Tentori 12/05/2024

B UCLouvain




Distributions

ULOQCD/ 10
Ok,
Ok,
a-l{f + 5-7{,‘,

Ratio over TLOGep

Ratio over o1,0,

800 1000 1200 1400
m(tt) [GeV]

i _ HEFT, Bologna -~ :
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Fit: 2 parameters

SEE ALSO:
[Martini, Pan, Schulze and Xiao, 2104.04277]

e CP-even Higgs (SM

e CP-odd Higgs

Best Fit

: . | HEFT, Bologna T .
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The view from the ALPs

SEE ALSO:

[Esser. Madigan, Sanz, Ubiali, 2303.17634]

[Vu Phan, Westhoff, 2312.00872]

[Rygaard, Niedziela, Schafer, Bruggisser, Alimena, Westhoff, Blekman, 2306.08686]
[Blasi, Maltoni, Mariotti, Mimasu, Pagani, ST 2311.16048]

. Naturally supressed
= Pseud_oscf larterm + Contactterm ——— (iphoton decay

\

a,tfy5t + Ctg— &S —GG ~+ E.W.terms

81 fa
HEFT ﬁologna

Simone Tentori 05024 s B UCLouvain
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Bounds on ALP couplings

Purple Line:
-Virtual corrections
to tt production

BEST BOUND!!

Our bounds

tttt (ci +c;)

tthh

Real Experimental Data

Exp. searches

Accurate SM predictions
from experiments

— tta(a — (*(7)

H — aa

Everything already there

100
mq[GeV
e [Blasi, Maltoni, Mariotti, Mimasu, Pagani, ST 2311.16048]

: - HEFT, Bologna . .
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o COnclusionS Thanks for the

attention

> @werful tool to constrain I\Fl

NP Virtual Can be use to fit SM paramete‘;s_l
Corrections

v }%) 2 ;(&’g;/r
o . ;) .
o
.
-
e el
e /;;//%t@,»,,
e
e 7
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Mixing the CP

c=2¢c=1//2
OLOgcp
mg =300 GeV
mg =10° GeV
mg =10 GeV
mg =1 GeV
mg =10"" GeV
mg =1072 GeV
mg =103 GeV

Ct:étzl/\/i

600 800 1000 1200 1400
800 1000 1200 1400
m(tt) [GeV] m(tt) [GeV]
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Transverse momentum sensitivity

[ =

¢ =0, nocut —— ¢ = —, nocut

¢

N

=== pp(S) <20GV === pu(S) < 20 GeV

""" Only virtual ----- Only virtual

-
-----

: - HEFT, Bologna .
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SMEFT relations

dim=6
-K’SMEFT, to

: : HEFT, Bologna e .
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Double differential

Relative correction oy, / TLOGD Relative correction cr‘,;,!/ TLOGeD

2000
0.5%

0.25% 0.25%

= 1000

200 400 600 800 1000 1200 1400
pr(t) [GeV]

200 400 600 800 1000 1200 1400

pr(t) [GeV
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TOP-ALP vs Pseudoscalar

a— gg{vy

Blasi, Maltoni, Mariotti, Mimasu, Pagani, ST [23XX.XXXX]
Bauer, Neubert, Thamm [1708.00443]

Super-suppressed
w.r.t. single terms

Cancellation between contact
iInteraction and pseudoscalar!

i t_eraction

Simone Tentori - B UCLouvain
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Top-only vs full couplings

Axion

Axion top-only
Pseudoscalar top-only
Contact interaction

500 750 1000 1250 1500 1750 2000
pr (GeV)
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