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Introduction

BSM at FCC:
— Approaches:

e Direct detection of signals for new particles

 Precision measurements: deviations from SM expectations
— Machines:

e« FCC-ee: precision machine: clean environment, limited CMS

range, very high statistics
 Fcc-hh: discovery machine: explore new energy regime

Main experimental thrust of PED BSM group:
* Define promising scenarios for direct BSM search at FCC-ee

« Establish requirements on detector design on the basis of
detailed physics studies
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At the end of the HL-LHC, if no BSM found:

The broader research goal

Top -down approach (theo):

Deve

naturalness, etc. compatible with LHC data

-

lop solutions to big issues:

see talk by Tevong

Bottom-up approach (exp):

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2022 f[ dt = (32.8 - 139) fb~? V5 =13TeV
Model Signature  [Ldt (] Lifetime limit Reference
RPVE—ug displacedvix + muon 136 | £ fetime ! ! 0.003-6.0m m(H)=14 o 2003.11956
RPV i3 — eev/euv/uuy  displaced lepton pair ~ 32.8 |} lifetime 0.003-1.0m m(g)=16TeV, m(i?)= 1.3 TeV 1907.10037
GGM 0 - ZG displaced dimuon 329 | i} lifetime 0029-180m  m(g)=1.1TeV, m(i)=1.0TeV. 1808.03057
GMSB non-pointing or delayed y 139 )7‘.7 lifetime 0.24-24m m(, G)= 60,20 GeV, By=2% CERN-EP-2022-096
GMSB 7 — (& displaced lepton 139 | 7 lifetime 6750 mm m(f)= 600 GeV 2011.07812
a GMSB 7 — 16 displaced lepton 139 | # lifetime 9-270 mm m(f)= 200 GeV 2011.07812
@ AMSBpp— fil.ifF;  disappearing track 136 | & litetime 0.06-3.06 m m(7})= 650 GeV. 2201.02472
AMSB pp — 730,777 large pixel dE/dx 139 | ¥ lifetime 0330.0m In(;)= 600 GeV 2205.06013
Stealth SUSY 2MS vertices 361§ iifetime 0.1-519m B(g — 5g)=0.1, m(g)= 500 GeV| 1811.07370
Spit SUSY large pixel dE/dx 138 | & ifetime >045m m(g)=18TeV, m(i2)= 100 GeV 2205.06013
Split SUSY displaced vix + EF'**  32.8 | § lifetime 0.03-13.2m m(g)=1.8TeV, m(i})= 100 GeV 1710.04901
Spit SUSY 062-6jets +EP= 361 | glifetime 0021m m(g)=18TeV, m(})= 100 GeV [ ATLAS-CONF-2018.003
Hoss 2MS vertices 139 | slifetime 031-724m m(s)=35 Gev 2203.00587
o | 1o 2low-EMF trackless jels 139 | s lfetime 019694 m m(s)=35 Gev 2203.01009
S | VHuwith H - ss - bbbb 20+ 2displ. vertices 139 | s ietime 485 mm m(s)=35 Gev 2107.06002
E.: FRVZ H - 2yq + X 2 u-jets 189 | 4 lifetime; 0.654-939 mm m(ya)= 400 MeV 2206.12181
B | FRVZH -4y, + X 2 pu-jets 139 | ya lifetime 2.7-534 mm m(ya)= 400 MeV. 2206.12181
B 2424 displaced dimuon 329 | Zq fetime 0.009-24.0m m(Zy)=40GeV 1808.03057
H— 224 2.e, 1+ Iow-EMF trackless jet36.1 | Zq lfetime 021:52m m(Zy)=10GeV 1811.02542
®(200GeV) > s low-EMF trkcless jets, MS vix36.1 | s lifetime. 041-515m @ x B=1pb, m(s)=50 Gev 1902.03094
'%’ (600GeV) - 55 low-EMF trkcless jets, MS vix36.1 | s lfetime 0.04-215m X B=1pb, m(s)=50 GeV 1902.03084
P o1 Ten - ss Tow-EMF tricless jets, MS vix36.1 | s lfetime 0.06-524m oxB=1pb,m(s)=150Gev|  1902.03094
W = NE,N (6 displaced Vix yupe, ee) + 139 | N lifetime 0.74-42 mm m(N)=6 GeV, Dirac 220411988
W = NE,N = €6y displaced vix (uu,ue, ee) + 1 139 | N lifetime 3.1-33mm m(N)= 6 GeV, Majorana 2204.11988
;‘ W o NN = ety displaced vix (uuue, e€) + & 139 | N ffetirie 0.49-81 mm m(N)=6 GeV, Dirac 2204.11988
W NEN oty daplacedvic e, o0 e 139 | N oY EeS T ! I ()= 6Gel Najoara 2204.11988
0.001 0.01 0.1 1 10 100 or [m]
Vs=13TeV
full data L L L L L L
0.01 0.1 1 10 100
7 [ns]

Among well-motivated models: FCC-ee signatures to which LHC not sensitive

— Low mass: obligated, but also opportunity, LHC typically reduced sensitivity

at low masses

— Low couplings: profit from 1012 Z statistics, and better analysis efficiecy

because of cleaner environment

24/01/23

- Long lived: opportunity for detector optimisation
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List of topics

Cross-check a recently circulated list of ECFA-WRG1-SRCH
(Rebeca G-S. is convener both for us and for that group)

— Heavy Neutral Leptons *

— Exotic Higgs boson decays *

— Light SUSY scenarios and scenarios with light scalars
— Axion-like particles (ALP) *

— Z’, dark photons and other light mediator scenarios

For items with * organised activity in our community, addressed
in talks by G. Ripellino and S. Kulkarni
For SUSY I'll discuss some benchmark possibilities

24/01/23
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Group organisation

BSM physics
Exp Conveners:
Rebeca Gonzalez-Suarez, GP January 2023
) Jan19 Searches for Long-Lived particles - planning ®
MC contact: Sarah Williams oL

Dec15 Searches for Long-Lived particles - planning @
Dec 08 Searches for Long-Lived particles - planning ®

Indico category:

Dec 01 Searches for Long-Lived particles - planning ®

https://indico.cern.ch/category/5664/ November 2022

Nov17 Searches for Long-Lived particles - planning @

Ve ry a Ctive LLP g rou p C h a i red by J u I iette B Novio Searches for Long-Lived particles - planning ®

October 2022

Alimena (~10-15 people) with bi-weekly

oct27 Searches for Long-Lived particles - planning ®

WO I"kl n g m eetl n g S &  oct13 Searches for Long-Lived particles

September 2022

Worklng On deve|0p|ng Crltlcal maSS for : sep29 Searches for Long-Lived particles

sep19 Searches for Long-Lived particles - planning ®

p rO m pt S i g n atu res = sep15-sepis FCC BSM Physics Programme Workshop
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Giacomo Polesello — 6" FCC Physics week


https://indico.cern.ch/category/5664/

Not very popular anymore, but holes in
LHC offer opportunity for FCC-ee.

Two obvious examples:
— Compressed slepton
— Higgsino

Need to verify what~kind of challenges fo

detector design these signatures provide.

PMSSM scans can show uncove

In gaugino parameter space

Need explicit benchmarks.

— Input from ATLAS/CMS pMSSM studies

— Input from theory, see e.qg. the paper
from one of our theory conveners:

https://arxiv.org/abs/2207.05103
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https://arxiv.org/abs/2207.05103

SUSY: g-2

mip = myptan

From a talk by R.Barbieri

VA7 g AL pe [ - pX9, bino LSP March 2022

g-2 discrepancy can be >

explained with light sleptons O _ [ 8-13Tev,20.3-139 b
2
&

- ATLAS Preliminary A" jimits at 8% CL

500 [~ __ ATLAS excluded: CONF-2022.006
™ 14035294, 1911.12606,, 1908.08215
| " LEP gg excluded

[ a2 i10=(25:06)x107
400 — ttans. pTev], My TeV)

L E=m (80, 05, 0.5)

FCC should be able to
cover uncovered area relevant

L E=m (80, 2.0, 1.0)

for this explanation - =@ N\

300 _—-(5:1:0:1:01 ’\ :
Possible benchmark: 2008 S
Simplified model: direct slepton i ‘ﬁ
production with 100~ ‘F

m(slep)=150 GeV
m(chi01)=100-140 GeV

200 300 400 500 600 700 800
m(i.,g) [GeV]
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Prompt vs LLP

Generically reach is defined in
m(new physics)-coupling plane
True e.g for ALP, HNL
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Complementary reach of three
different signatures:

— Prompt

— Decay in inner detector

— Decay in calo/muon detector

Study of coverage for a given
model should address all three
signatures.

Very different experimental

requirements

Giacomo Polesello — 6" FCC Physics week 8



HNL -

See talk by S. Kulkarni

Rich set of final states and signatures,
significant interest in the group for prompt
and LLP signatures, in particular

— eenu: LLP in ID

— ejjand yjj prompt

— Dirac vs. Majorana

Analysis matrix

eDecay final state:
*jJl
*jjnu
| | nu
" "D;l 10—3_ i
ejnunu
«Decay length PR
ow-scale Leptogenesis
e Prompt R
e LL decay In ID o JE
24/01123 « LL decay in Calo L o e . o
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https://arxiv.org/abs/2203.05502

Simplified model with

many possible signatures, e.qg.
— Ya, a=Yy

— va, a— |l

— ha, h-bb, a- vy

Different decays of a, depending

which couplings non-zero

Both long-lived and prompt
sighatures, would be useful to
define benchmarks beyond 3y

24/01/23
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https://arxiv.org/pdf/2203.05502.pdf

g " ALP: 3y final state

Thesis L. Pezzotti
FCCee IDEA: ete™ — ya

o =100k
= F
;102—
3 photon state considered in 107l
preliminary detailed studies,
10° (e Sys. Unc. —— Egy =91.6 GeV
— Prompt -y une T Enle00ey
— Long-lived: see talk by G.Ripellino 10
. M, [GeV]
Experimental implications: arXiv:2203.05502
— Mass reconstruction for very Collider
collimated photons ._ %
T LSW LY
. . .é. 1
— Timing of photons for LLP = FCCes
Key role of preshower? o
] Helioscopes
24/01/23 L. . R . . . .
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https://arxiv.org/pdf/2203.05502.pdf

Exotic Higgs decays

Higgs portal is one of favourite
doors to new physics

Very recent work for the final
state

ete  =>Z7Z—->7Zh, Z—=1" 1", h—>ss,s = bthb™

u010F :
- : : my=10 GeV !
See talk by G. Ripellino 0.005} 1
: \
- :
s !
S 0,001 \
E5 10+4f \
F > \
o \
(92} ,"
1.x10™¢ \\
5.x 1075} =
24/01/23 - - . . ,
Giacomo Poles 10 0.001 0.100

10
arXiv:2203.05502

Decay Length (m)



Conclusions

Rich menu of BSM final states available for discovery at FCC-ee

Focus on models involving low-mass particles with feeble

couplings to SM
Benchmark in these models are being identified

Present work mostly focused on detailed analyses of reach for

long lived exotic particles
- Important detector challenges to exploit the signatures

Follow the talks of Giulia Ripellino and Suchita Kulkarni for more

details on ongoing work

24/01/23
Giacomo Polesello — 6" FCC Physics week

13



24/01/23

Backup
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14



The model

2 2
a ~ 2e a ~ € a ~
2 : .
Eeff D€ C"‘;""r‘ ! uzj P+ quZ — F ", ZH A ; CZZ L i
A : Al 2 .2 \ Z;
ILS kT C-u:' .LS u C'L[_:'

*Assume a only couples to hypercharge and not to SU2 C’TZ — —si, Cﬁ.f,.-
*Assume BR(a— yy)=100%

Experimental reach can be represented in 2-d M_-C = plane
Brivio et al.:arXiv: 1701.05379
Bauer et al:arXv:1808.10323

Chggled that the two UFOs give the same results, use Bauer et al. for generation
Giacomo Polesello — 6" FCC Physics week 15

Implemented in two UFOs:


https://arxiv.org/abs/1701.05379
https://arxiv.org/abs/1808.10323

Existing limits

Existing constraints from JHEP 12 (2017) 044

Two mass ranges:

<~100 MeV - -5 GeV:
Can we cover this difficult
region?

>~5 GeV
Are we sensitive to lower
couplings than the ones
explored at the LHC in
photon-photon collisions?

Different experimental issues in the two regions:

«>5 GeV: energy resolution
<5 GeV: separation of two

ozl

PrimEx

LEP

109102 qoT

very collimated photons,

resolution on position measurement

24/01/23
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Figure from:
ATLAS:arXiv 200805355
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https://arxiv.org/abs/2008.05355

10!

10°

Comparison with existing limits and projected reach
FCCee IDEA: eTe™ = ya

In the 10-100 GeV region FCC-ee S0k
. @ =
reach in the same ballpark as F o E
projected PbPb LHC result < L
O L
10
LEP =
107'E
Pb-Pb (lg)hn-‘t:-;)' §
Beam-dump B
107 10 10 107 10T 107 10° 104 10_3 = —E...=91.6 GEV
m, [GeV = — 0.1% Sys. Unc. cm =1
- 0% Sus. U —— Ey = 160 GeV
ik —— Eg, = 240 GeV
Figure from = -+ 5.0% Sys. Unc. Ecy = 365 GeV
. 10—5 | II|II||| | II|||II| | |IIIII|| I I
Schoeffel at al. arxiv:2010.07855 10" 1 10 102 10°
24/01/23 M [GeV]
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https://arxiv.org/pdf/2010.07855.pdf

Example: exploiting the full granularity of IDEA DR Calo

With Silicon PMs it is possible to read one by one all of the fibers in
the calorimeter — possibility to separate very close photons and to

precisely measure invariant mass

Ph40GeV Cherenkov (Event: 1)

foa =
5008 — BN
40 GeV photon
0.06 — ) —{a000
0.04 : . I 6000
0.02 : SE - o — 4000
0 :— ~ Izoou
002= e

o
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R
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=0.02

—0.04

Pizero40GeV Cherenkov (Event: 1)
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|Ideal field of application for ML image recognition, work ongoing in Pavia

(master thesis A. Villa)
24/01/23
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