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What to learn from SUSY

SGaI'ChGS iIl 2023 ‘not a click-bait)
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VWhy theorists ke SUSY

o SUSY is the most
complete microscopic
theory concelved so far to

go beyond the SM




When | say “complete” | mean that it is a theory that

® |n principle can be used to compute any™ observable guantity
(famously the mass of the Higgs boson can be computed in SUSY,

my, < m;, at tree-level in the MSSM ... )

® |n principle contains the ingredients to deal with all/most issues that
the SM cannot address (e.g. can give/accommodate Dark Matter,
can give/accommodate/not-disturb flavor, has something to say on
gravity)

® |ts main role and motivation for collider studies has been In the
solution of the “weak/gravity hierarchy problem”

Supersymmetric models are extremely compelling theoretically

Q:©




VWhat Is to be liked In SUSY
as an experimentalist’/

o SUSY is the most
complete “ATLAS” of
experimental signals
concelved so far to go

beyond the SM /




When | say “complete” | mean that

® |t is quite hard to find an experimental signature that can be attained
N another model and cannot be attained in SUSY (including
possible R-parity breaking)

® the model also comes with “some” way to judge how likely it is the
particular signal at hand (how much do | have to sweat to get this
signal in a particular model)

® the model allows to derive the experimental implications of
observing such signal (what other signals should | see besides this?)




Being “complete” In the theory and experimental sense

® \VyOU can use It to stress-test the capabillity of your
oresent (or future) accelerator+experiment

e create a solid ground for th <> exp exchange about
reinterpretation/preservation of the searches

Searches for supersymmetric models are extremely
useful (even if SUSY is not realized in Nature)
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Why SUSY In 2023 IS as
relevant as berore

® Decause lots of things
have not yet been tested

/




SUSY models have posed a number of challenges in search

® |t poses challenges that are open since the beginning of LHC and are
not yet fully resolved

- are we covering the entire space of signals that the NP can give”
- are we communicating/presenting the results in a (re)usable way"?
- can we expect these result to remain usable after the end of LHC"
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ARE WE COVERING THE ENTIRE SPACE OF
SIGNALS THAT THE NP CAN GIVE?

can appear to be a
‘perverse” setting for
Nnew-physics

far from being perverse,
t Is a very effective and
reasonaple way to not
have seen particle dark
matter so far ...
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ARE WE COVERING THE ENTIRE SPACE OF
SIGNALS THAT THE NP CAN GIVE?

107+
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 2205.04486
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ARE WE COMMUNICATING/PRESENTING THE
RESULTS IN A (RE)JUSABLE WAY?

(s=8,13 TeV, 20.3-139 b March 2021
| | | | | | | | | | | | | | '
ATLAS Preliminary

NI

t.t, production
Limits at 95% CL

= Observed limits

results need to be obtained
= e IN some specific setting,
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results must be re-usable

< IR >
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AN EXAMPLE OF REUSE WITH SMODELS

List of analyses and topologies in the SMS results database, comprising 5744 individual maps from 1152 distinct signal regions, 100
different SMS topologies, from a total of 111 analyses. The list has been created from the database version 2.3.8. There is also an
sms dictionary and a validation page. Link to list of results including superseded and fastlim results.

300 1 2306.17676 . 8 TeV
gM a ls BN 13 TeV, £ <78/
Yy ey e

250 + wfo\M SRl 13 Tev, full ¢

----- standard normal

N
o
o

# signal regions
—
w
o

100 A

significances

plenty of other tools for “reuse”

August 29, 2023 to September 1, 2023

Durham University
Europe/London timezone
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https://smodels.github.io/docs/ListOfAnalyses.html
https://conference.ippp.dur.ac.uk/event/1178/

ANOTHER EXAMPLE OF REUSE ...

iInconclusive recast
result due to too
many options, too
many models not
overlapping

outright wrong
results




ANOTHER EXAMPLE OF REUSE ...

faithful recast

new interesting
searches inspired
by that

normal theorist working to recast




AI\IOTI—! R EXAMPLE OF REUSE .
t \ quite simple spectrum for the MSSM

‘ Ig ht StO p (right-handed aka SU(2)singlet)

slightly heavier “higgsino” ()

Mg —_
ight “bino” (M)
Myop

my,
My 7




Make everything a bit lighter now ...

SUSY states not well
separated from SM states

mass-differences between
SUSY states comparable
to SM masses

final states similar

& 1o SM processes
P> WP S C+mET W Ay
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MODELS MAYBE COVERED MAYBE NOT

: : SModelS 2.2.1 in progress - Bagnaschi, Corcella, RF, Sengupta
Searches and signal regions (S SmEnEn e B
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MODELS MAYBE COVERED MAYBE NOT

SModelS 2.2.1
B | I I I
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MODELS MAYBE COVERED MAYBE NOT
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MODELS MAYBE COVERED MAYBE NOT

Searches and signal regions

identified by SModelS include
TChiWWoff TChiWZoff

V
P, i P,
P, e P,
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r > 1 (black-to-orange scale)

the model is excluded by
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scale) the model is allowed™ by
present searches
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WHAT 1O DO 1O COVER THESE MODELS

Measure pp — tf as precise as you can!

turn the search Into a
SM measurement

SM
SM+NP A SM

\

small difference
at smaller pT

big difference at
large pT




WHAT 1O DO 1O COVER THESE MODELS

Measure pp — tf as precise as you can!

turn the search Into a
SM measurement

SM

t SM+NP A SM
SM+NP

small difference

big difference at at smaller pT

large pT
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WHAT 1O DO 1O COVER THESE MODELS

Measure pp — tf as precise as you can!

turn the search Into a
SM measurement

SM
SM+NP

big difference at
large pT
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small difference
at smaller pT

(m- mc,my)=(200,150,100)

1c,mn)=(200,150,100)

do/dmyy [b/5 GeV]

..........

1601.02684
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AAAAAAAAAAAAAAAAAAA
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WHAT 1O DO 1O COVER THESE MODELS

Measure pp — tf as precise as you can!

m- mc.my)=(200,150,100) (M- mc,my )=(200,150,100)

. m —— _ 1601.02684 o
turn the search into a o . By

SM measurement |

- , = 1 tt+SUSY

1601.02684 -

SM
SM+NP

=l

. tHHE+SUSY

small difference

big difference at at smaller pT

large pT

joint venture of TOP and SUSY groups?

< JRUN >
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WHAT 1O DO 1O COVER THESE MODELS

Measure pp — tf as precise as you can!

(m- me . ma)=(200.150.100) (m~ mc,mu)=(200,150,100)
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SM measurement i S

1601.02684 -

— 1 tt+SUSY

SM o=~ ] T |
A 0 50 00 50 200 N 50 100 5
SM+NP A SM . '

Rl AN

. tHHE+SUSY

>
3 . fAtas T eimer
\ ErD) 100 —_'\/‘%TQTeV, 20.2 fb’ Postfil, I <1
PR S 1709.04207
small difference E Py, o

500 — 9 ’ 2
i I : r e+jets L H e+jets L%
big difference at at smaller pT S | |
large pT

Data/Fit

08F" T,
30 105 180|30 1

joint venture of TOP and SUSY groups?

180

QO

ROBERTO FRANCESCHINI - 2023 OSLO ATLAS SUSY WORKSHOP - HTTPS://INDICO.CERN.CH/EVENT/1322199/



WHAT 1O DO 1O COVER THESE MODELS

Measure pp — tf as precise as you can!

turn the search Into a
SM measurement

SM
SM+NP A SM

=l

big difference at

small difference

at smaller pT
large pT
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joint venture of TOP and SUSY groups?
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SM+NP

WHAT 1O DO 1O COVER THESE MODELS

in progress - Bagnaschi, Corcella, RF, Sengupta >

total S/B in do/dm,,  small difference

at smaller pT

turn the search Into a
SM measurement
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SM

WHAT TO DO TO COVER THESE VIODELS (\

- Bagnaschi, Corcella, RF, Sengupta >
turn the search into a small difference
SM measurement ON = [20,1 OO]G@V S/B 1N dﬂ/dmbf at smaller oT

| me =179 Gev P ] EO.

140 - o - 1 0.01

‘ PRELIMINARY SRR | mo0.02

120 - . B | HO0.03

- : | m0.04

ook - x" W 0.05

; | H0.06

w0 ik | m0.07

S - |- 1 WO0.08

| mo0.09
> | | mO0.1

= | mo0.11

40 | m0.12




A SM

WHAT TO DO 10O COVER THESE MODELS
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CONCLUSION 4

—\

Colored Light SUSY Not everything covered, and can be fixed

measurements of top quark properties can give searches as spin-off
or
searches can be Inspired by these measurements

t IS necessary to strike a balance between effort to attain precision
and search reach
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WHAT ABOUT HEAVY COLORED SUSY?

Squark-gluino-neutralino model, m(i?):O GeV

';‘ 10000 _I | I | I | I | I T 11 I T 11 I T 11 I | | T 1 1
[ — _
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THE IMPORTANCE OF KEEPING PUSHING

Heavy SUSY is not at all a bad thing!......

The computation of m,,

N the MSSM points
towards heavy SUSY
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ONCLUSION #

SUSY > TeV matters Keep it up!
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THE FAINTEST ELECTROWEAK SUSY SIGNALS

Run3 and HL-LHC material!

O
LRILR™ 11X, X,

150

— 350
A > — Expectod Limit (<1 0] ATLAS ¢
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€ N ATLAS 13 TeV, arXiv:1911.12606 g“ﬁv 0
— p
|| ATLAS 8 TeV, arXiv:1403.5294 ,
250— _
B - LEP fi_ excluded
B ATLAS 13 TeV, arXiv:1908.08215
200—

100
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THE FAINTEST ELECTROWEAK SUSY SIGNALS

Run3 and HL-LHC material!

14




THE FAINTEST ELECTROWEAK SUSY SIGNALS
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Run3 and HL-LHC material!
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THE FAINTEST ELECTROWEAK SUSY SIGNALS
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THE FAINTEST ELECTROWEAK SUSY SIGNALS

Run3 and HL-LHC material!

in preparation Agashe, Airen, RF, Kim, Ricci, and Sathyan
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THE FAINTEST ELECTROWEAK SUSY SIGNALS

Run3 and HL-LHC material!

in preparation Agashe, Airen, RF, Kim, Ricci, and Sathyan
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CONCLUSION #3

EW Light SUSY Not everything covered, and can be fixed

measurements of weak boson properties, myy, can give searches as spin-off

or
searches can be Inspired by these measurements

t IS necessary to strike a balance between effort to attain precision
and search reach
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CONCLUSIONS AND OUTLOOK

BT SUSY has ruled the world of

International Workshop on phenOmenQ‘Ogy er ‘Oﬂg tlme
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ts phenomenology keeps providing very
hard challenges with which to confront
N the experimental practice
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CONCLUSIONS AND OU TLOOK

RUN3 AND BEYOND MAY GIVE THE OPPORTUNITY TO FACE LONG STANDING ISSUES

BSM signals (of all sorts) that look too much like the SM are difficult at LHC

SUSY searches a

FO
DO we tru

SM

t SM+NP . SM
RNHNP

\ >
big difference at small difference
large pT at smaller pT

searches « measurements

e a very established compartment of the physics program.

® (an lead the way on “precision searches”
® (an lead the way on the preservation and reinterpretation

r *“outside SUSY”:

N My opinio

Do we trust the methods that we use in measurements”?

st them so much that we can use them (possibly extended) to perform searches?
N this makes a test of these methods, that are otherwise tested “only” by confron:

(gle

measurements from other experiments (e.g. my, and fop quark properties from ATLAS and from CMS or CD

< BN >
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. mv.;...,,l'."‘ ; .(. . e /a-
L https://outdee .stackexchange.Cqm/queSj[ngsM5074/Can-i-participate—in—rail—i -withogt—my—oﬁﬂm@”enceaﬁoﬁs

Keep it steady explore new (joint) approaches
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https://outdoors.stackexchange.com/questions/15074/can-i-participate-in-rail-biking-without-my-own-equipment-or-experience/15075

Thank youl!
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The 95% CL exclusion limits on y;+):- and y#y-° production with SM-boson-mediated decays, as a function of the 7=, %0 and };° masses. The
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