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Scientific Motivation i B D

* The Higgs mechanism is responsible for generating SBIG
the masses of the elementary particles in the SM.

* Mild changes induced by quantum corrections.

* Mass of the Higgs boson itself is greatly destabilised
by quantum effects - Higgs fine-tuning problem.
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* Largest correction to the Higgs boson mass comes QBIG
from the top quark.
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* This leading correction can be controlled if there exist
new particles with properties similar to those of the
top quark.

Solving the HIggs Fine-Tuning Problem with Top Partners

* Two main classes of solutions to WFE%@@L%@»E@ @@ﬁ@i@ggﬂm

HIGCS

the Higgs fine-tuning problem
are SUSY and compositeness.




SUSY solution

Every SM particle has a hitherto unobserved SH Lot
superpartner with similar properties but with
a spin that differs by half a unit. .
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Scalar Higgs boson related to fermion
- Higgs boson mass protected by N N
chiral symmetry.

The new particles that remove the dominant source of
fine-tuning are the superpartners of the top quark, the
scalar top squarks or stops.

Mass difference between top and stop cannot be too large.
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» The Higgs boson is a composite pseudo-Nambu- CH )
Goldstone boson (pNGB) from spontaneous breaking
of a global symmetry in a new strongly coupled sector.

- Higgs boson mass is protected by a Goldstone shift
symmetry.

* The new particles that remove the dominant source of
fine-tuning are vector-like top quarks.
- spin 1/2,

- carries colour charge,

- its right and left components have the same
quantum numbers (“vector-like”, i.e. not chiral).
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* Stop searches in both RPC and RPV SUSY.
b 14 q
p . v P . i
YA t f
P w i “,T H
p t q P 23k
b4 q

—

600
500
400
300
200
100

f, 1, production, f, — bff ¥, t, > bW %3, T, > t X;
-

%

JHEP 04 (2021) 174

E(5=13TeV, 189" o o Zoo- Expectedlimit (+10,,)

= Limit at 95% CL ol ATLAS Vs =8 TeV 20 fo!
= Vs=13Tev 36 fb"J
-:t/ /I 1 1 | 1 il 1 I 1 1 1 I 1 1 il | 1 1 1 l: l: 1 1 1 I 1 E
00 400 600 800 1000 1200 1400

m. [GeV]

2.6
E 24
2.2

t) [TeV]

1.8
1.6
1.4
1.2

Stop R-Hadron, pp — Tf, t— nq

2.8F

ATLAS
{s=13 TeV, 136 fb", All limits at 95% CL

=-=-- Expected Excl. Limit (1,2 ¢

~— Observed Limit (+10p.o.)

exp)

DI~
e
-

T IIIIIIl|III|III[III|III|III|III|

| | Lol Lol

1072 i@ 1

o~ ”I’OZ
() [ns]

Phys. Rev. D 102 (2020) 032006


https://link.springer.com/article/10.1007/JHEP04(2021)174
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.032006

Organization and Objectives

» So far, no signs of SUSY or compositeness at the LHC. S(TIF)

* Not too much room left for minimal models with a
light top partner.

* Look beyond minimal
(the SM is not minimal...)

« Main objective of the SHIFT project:  *
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- Widen the searches for physics béyond the
SM that solves the Higgs fine-tuning problem.

* Three different and complementary tracks:
- Direct searches for the scalar top squarks in SUSY;

- Direct searches for the vector-like top quarks in
compositeness models;

- Indirect searches for top partners which are not
kinematically accessible at the LHC energies. 8



Organization and Objectives

Construct non-minimal simplified
- SUSY models for direct searches for stops.

- compositeness models for direct searches for
vector-like quarks.

Quantify ATLAS' current sensitivity to these models
and, if still viable, search for them with Run 2 and
early Run 3 data.

Construct optimal observables for indirect searches of
top partners and use them in analyses of Run 2 and
early Run 3 data.
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Reqular Article - Theoretical Physics | Open Access | Published: 07 May 2020

Signatures of vector-like top partners decaying into new y .
neutral scalar or pseudoscalar bosons 5“22: N 5"55: p
t! t!

R. Benbrik, E. Bergeaas Kuutmann &, D. Buarque Franzosi, V. Ellajosyula, R. Enberg, G. Ferretti, M. t t
Isacson, Y.-B. Liu, T. Mandal, T. Mathisen, 5. Moretti & L. Panizzi _ _

r t 7 ¢
Journal of High Energy Physics 2020, Article number: 28 (2020) | Cite this article '%f. '%.
201 Accesses | 12 Citations | 1 Altmetric | Metrics - ) @

© A preprint version of the article is available at arXiv.

* Current searches for vector-like top quarks (t") assume
decays exclusively to SM particles: t' — Wb/Zt/ht

 Introduce an additional (pseudo)scalar S: t' — St
* Possible e.g. in 2HDM (Type-II) and Composite Higgs Models.
 See talks by A. Banjeree and D. Buarque Franzosi.

* Next step to search for such models with ATLAS data.

L. Panizzi ATLAS short-term associate. 10


https://indico.cern.ch/event/1064847/contributions/4598151/attachments/2350227/4008618/top_partner_partikeldagarna_21.pdf
https://indico.cern.ch/event/1064847/contributions/4598157/attachments/2350221/4009295/CHLag.pdf
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All fields Search

arXiv.org > hep-ph > arXiv:2111.04775

Help | Advanced Search

High Energy Physics - Phenomenology Download:

[Submitted on 8 Nov 2021] « PDF
Electroweak signatures of gauge-mediated supersymmetry breaking in multiple hidden sectors . otherformats

(licensa)

Diogo Buarque Franzosi, Gabriele Ferretti, Ellen Riefel, Sara Strandberg ol BrRns Couatt.
hep-ph
This paper discusses electroweak collider signatures of the NMSSM with multiple-sector gauge mediation. We focus on the production of neutralinos and charginos <prev | nexts
which cascade decay into standard mode! particles and lighter supersymmetric particles, with special emphasis on final states with multiple photons. A search strategy new | recent | 2111
for signatures with at least three photons is presented and compared with current exclusion limits based on two-photon searches. We show that in many regions of the Change to browse by:

parameter space our strategy gives stronger constraints than the existing two-photon analysis for these models.

Comments: 20 pages, 24 figures
Subjects:  High Energy Physics - Phenomenology (hep-ph): High Energy Physics - Experiment (hep-ex) p 17
Cite as: arXiv:2111.04775 [hep-ph] _ t
(or arXiv:2111.04775v1 [hep-ph] for this version) f ‘/ [/ 0
— E
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* Current searches for t assume LSP 2

X1
W
. ~0 . ~
is stable X1 or massless gravitino ().

q

b q
* Phenomenology changes if GM with multiple hidden sectors

(3 = Gy = G,
* Look at EW production of charginos
and neutralinos.

* Next step is to search for such models in data. =
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arXiv.org > hep-ph > arXiv:2111.04775 S All fields
Help | Advanced Search

High Energy Physics - Phenomenology Download:

« PDF
Electroweak signatures of gauge-mediated supersymmetry breaking in multiple hidden sectors . otherformats

(licensa)

[Submitted on & Nov 2021]

Diogo Buarque Franzosi, Gabriele Ferretti, Ellen Riefel, Sara Strandberg Gurment browse context:

This paper discusses electroweak collider signatures of the NMSSM with multiple-sector gauge mediation. We focus on the production of neutralinos and charginos h:;:::, |  nexts
which cascade decay into standard model particles and lighter supersymmetric particles, with special emphasis on final states with multiple photons. A search strategy new | recent | 2111
for signatures with at least three photons is presented and compared with current exclusion limits based on two-photon searches. We show that in many regions of the Change to browse by:
parameter space our strategy gives stronger constraints than the existing two-photon analysis for these models. hep-ex

: References & Citations
Comments: 20 pages, 24 figures

Subjects:  High Energy Physics - Phenomenology (hep-ph): High Energy Physics - Experiment (hep-ex) . E{ESPATDQEP
Cite as: arXiv:2111.04775 [hep-ph]

+ Google Scholar
(or arxiv:2111.04775v1 [hep-ph] for this version) « Semantic Scholar

* Proposed multiphoton + EITniSS search more sensitive than

. . d . h miss h
existing diphoton + E4 ~ search.
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Even if top partners are too heavy to be directly SH Lot
produced at the LHC they can enter loops and alter
various observables e.g. in top and Higgs sector.

Extract constraints on EFT operators. See talk by X. Lou.

Study how kinematics of HH events change by BSM
particles in loops, using simplified model by L. Panizzi.

\ ; \ ‘, H. Brannstrom master thesis

)
s,
.,

ist .)- -------- —{: st y RS q: Weighted pr for the first Higgs bosen
i A R 0.007 sSM

=
[ =]
1]
i
%
i
[
]
'
'
£
LY
\
u‘j
*
.
L)
“
‘\' ‘1'
=
=1
N p® 4
TR s, 4
=~
Normalized number of events
= =] (=]
(=] [—] [=]
= =] (=]
Lad E=Y o
]
] b
H
H
H

=
=
=
LA
1

)
.
.
Su

0.002 =

e a
ot —
q “ey_h g , 0000 - 1 ' : i - —
e . =] 100 150 200 250 300 350 400
b Norm of the transverse momentum [Gelfc]

13



https://indico.cern.ch/event/1064847/contributions/4598371/attachments/2350214/4008695/Partikeldagarna_211122.pdf
http://www.diva-portal.org/smash/get/diva2:1571789/FULLTEXT01.pdf

o s,
= Tl ok Al %@
Nordita Program Vel
Aeifeelse uppsaLA  Stockholms
CHALMERS  UNIVERSITET —universitet

> v
. NORDITA

Is there still room for naturalness?

from 14 April 2020 to 01 May 2020

Nordita, Stockholm
Home
Venue

* Timetable

¥ Slides From Talks

% Practical Information

+ What is Nordita?

« Directions to Nordita

+ Directions to BizApartment Hotel

+ Accommodation

+ Nordita Contact Information

+ Restaurants

+ Tourist Tips

+ Stockholm Tourist Info

* Stockholm Public Transport

Nordita, Stockholm, Sweden

Scope

In the Standard Model, the mass of the Higgs boson is greatly destabilised by quantum corrections, and free parameters of the model need ta be extremely fine-tuned in order to arrive at the measured Higgs mass. A fundamental aim of this program is to quantify the extent to which current
measurements and searches can constrain medels which attempt to restore naturalness by extending the SM. The expected sensitivity from future high precision running at the LHC and of planned non-collider experiments will also be studied. This program deviates from related work in this field by

maintaining a sharp focus on the naturalness question and how well a top quark partner can resolve it in different theoretical scenarios using a range of measured observables.

Registration for this program has not yet been opened.

More information will be available here later.

Sponsored by:
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NORDITA

Dates: from 14 April 2020 09:00 to 01 May 2020 18:00
Location: Nordita, Stockholm

Room: 122:026

Chairs: BERGE&S KUUTMANN, Elin
ENBERG, Rikard
FERRETTI, Gabriele
MILSTEAD, David
SJBLIN, Jérgen
STRANDBERG, Sara
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from 14 Apru = ~™* . may 2020 Nordita, Stockholm
* Timetable

¥ Slides From Talks

‘# Practical Information
+ What is Nordita?
« Directions to Nordita

+ Directions to BizApartment Hotel

+ Accommodation

+ Nordita Contact Information

+ Restaurants

Nordita, Stockholm, Sweden

+ Tourist Tips

+ Stockholm Tourist Info Scope

* Stockholm Public Transport

In the Standard Madel, the mass of the Higgs boson is greatly destabilised by quantum corrections, and free parameters of the model need to be extremely fine-tuned in order to arrive at the measured Higgs mass. A fundamental aim of this program is to quantify the extent to which current

measurements and searches can constrain medels which attempt to restore naturalness by extending the SM. The expected sensitivity from future high precision running at the LHC and of planned non-collider experiments will also be studied. This program deviates from related work in this field by
maintaining a sharp focus on the naturalness question and how well a top quark partner can resolve it in different theoretical scenarios using a range of measured observables.

Registration for this program has not yet been opened.

More information will be available here later.

Sponsored by:
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Dates: from 14 April 2020 09:00 to 01 May 2020 18:00
Location: Nordita, Stockholm

Room: 122:026

Chairs: BERGE&S KUUTMANN, Elin
ENBERG, Rikard
FERRETTI, Gabriele
MILSTEAD, David
SJBLIN, Jérgen
STRANDBERG, Sara
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from 14 Apru = ~™* . may 2020 . Nordita, Stockholm
- \J
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¥ Slides From Talks

‘# Practical Information
+ What is Nordita?
« Directions to Nordita

+ Directions to BizApartment Hotel

+ Accommodation

+ Nordita Contact Information

+ Restaurants

Nordita, Stockholm, Sweden

+ Tourist Tips

+ Stockholm Tourist Info Scope

* Stockholm Public Transport

In the Standard Madel, the mass of the Higgs boson is greatly destabilised by quantum corrections, and free parameters of the model need to be extremely fine-tuned in order to arrive at the measured Higgs mass. A fundamental aim of this program is to quantify the extent to which current

measurements and searches can constrain medels which attempt to restore naturalness by extending the SM. The expected sensitivity from future high precision running at the LHC and of planned non-collider experiments will also be studied. This program deviates from related work in this field by
maintaining a sharp focus on the naturalness question and how well a top quark partner can resolve it in different theoretical scenarios using a range of measured observables.

Registration for this program has not yet been opened.

More information will be available here later.

Sponsored by:
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Dates: from 14 April 2020 09:00 to 01 May 2020 18:00
Location: Nordita, Stockholm

Room: 122:026

Chairs: BERGE&S KUUTMANN, Elin
ENBERG, Rikard
FERRETTI, Gabriele
MILSTEAD, David
SJBLIN, Jérgen
STRANDBERG, Sara
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Start Education Research Staff About us [SEARCH
= Print
Reseae Solving the HIggs Fine-Tuning
Our Researchers Problem with Top Partners
v Dissertations & In the Standard Model, the mass of the Higgs boson is greatly
Publications destabilised by quantum corrections, and free parameters of

the model need to be extremely fine-tuned in order to arrive

Research news at the measured Higgs mass.

~ Hosted . . . .
Research In the SHIFT project we aim to find the underlying mechanism Project P.I.
Projects protecting the mass of the Higgs boson from large quantum

SHIFT corrections. The leading correction, which arises from the top quark,

Hisearch can be cancelled by introducing top-quark partners to the theory.
Therefore we study possible signatures of such top partners and search
for them using data from the ATLAS experiment at CERN’s Large
Hadron Collider.

Members

Sara Strandberg

strandberg@fysik.su.se

www.fysik.su.se/shift

ATLAS EXPERIMENT Photo Credits @CERN

The project which is funded by the Knut and Alice Wallenberg
Foundation, involves theorists and experimentalists from Chalmers
University of Technology, Stockholm University and Uppsala
University and runs over five years (2018-2022). It covers direct
searches for top partners in supersymmetry and compositeness models
and indirect searches via precision measurements of processes
involving top quarks.
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We are here

2018 2019 2020 2021 2022

LHC schedule Runqlll

Direct stop searches v L
Direct compositeness searches v E
Indirect searches \V4 e

1
. Construct new non-minimal models and optimal observables Y Team publications presenting new non-minimal models and optimal observables
. Quantify sensitivity to new non-minimal models and optimal observables 0 ATLAS publications on full Run-Il data-set with minimal models and conventional observables
Analyse Run-Il data with minimal models and conventional observables g9 Joint team publication benchmarking model and observable sensitivities

. Analyse Run-Il data with new non-minimal models and optimal observables @) ATLAS publications on full Run-Il data-set with new non-minimal models and optimal observables
Analyse Run-Ill data with new non-minimal models and optimal observables \/ ATLAS publication on partial Run-IIl data-set with new non-minimal models and optimal observables

= Joint team publication presenting prospects at high luminosity LHC and future experiments

20
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Standard Model Production Cross Section Measurements

Status: July 2018
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