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LAS SUSY Searches* - 95% CL Lower Limits

July 2020
Model Signature  [£dt (b7
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'Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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1.15-1.95

I’ll do my best to not repeat
landscape hasn’t changed (too much) since then

I{dabing the landscape
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Somehow impossible to ignore the vast span of

things that we haven’t seen so far ...

Stng esonance
2yresonance
Wy esonance
yresonance.

Color octec caa, £

ScalrDigark

24 et . gl B2 =0220080)
1644, pieadosclar (s, gl X BR(=21) > =0030.04)

uar composteness ), =1

Overview of CMS EXO results

oron ap
17120516 2w 20212+ 29
S8

072532570 1608.0125 3+ )
191103047 )

106 10505 3+ 1)

15103947 2)
151104568 (3, =41
191100965 (31, 2

auar composeness (). 7
Excted Lepton Contact Iteraction
Exced Lepton Contact Iterac

vector mediator (00

Y.nl\ ot o 035 o160
ecor medatr ), 6.=0.25, 9o =17, =1 G

; cor medatr ) g0 =01, g0 =19 =01,0,> P2

sclo meditor (40,941 gou = 1,m, =1 GeV

oEsoT 1910 (30
210302708 20,200
151103947 i)
210733021 (2131 + 7]

20733021 (2344 99)

“clr meditr o ot e
preudoscala

s Lm=1Gev
Lm=1Gov

20
190101553 0,10+ 224 457

preudoscala medit -
anos: e pridteesuliites

(80 QCD), M =20 GV, =03, 2 =052
a-ryw-u‘o.-ms‘lau- m=LeV
70w, L anf =1, =100 GV
o et §1. 8203 Ay 1. 800 < < 500GV

RV stop .4 quaris

ROV gings 13 quars:

300 ) W2

151030068 ()
2211125 2+ 57
190801733 h-+9)
190801713 -+ 71

OE08 191110151 e 1+ gl

OSSN 190905124 2 4)

1606.01058 2)

SPILVED, 2 2TeV

excted lgh quark (09 A=
cted sloctron, e=r=r =LA= ;.

faf! =10, W
WPV + U

Vectar e taus, Singlet

sclar L (piprod), couping 10 1 gen. fermions,

st s cotoTom
orod) couplng o l"mnmm Be0ae1

0001143 1602.02965 1806 10905 3t e = 1+ 21w )]
omels 6109 (2 +ute)
08576 (31, =, 11 431,27+ 24, 31+, 1e 4 20,204+ 1)
045 220208676 3, 2 81, 430,204 20, 304 1,114 20,204 2
ouso1s 220208676 31, 241,11+ 30,20 420,31+ 10, 11+ 21,204 10)

<as 810197 2es2)

s 2
181110151 (13414 + 57
1805.05082 (20 25+ 2]+ )
CUSPAS £X019.006 (2 2)
[ 116 2107302 (1) )
075 OHSPIS DO 15016 2r+b)

Totz0er
1206776 2w
210360708 2000
OB 283) 191.354 2
10510 19

30208 e )
72050670 o
22030870 e
22050670

00 09 0k )

220206075 1+ 91
V5 A5 X0.21.009 (x4 ™)
151103947 @il

211203049 20+2)

Selection of observed exclusion s at 95% C.L_ (theory uncertainties are not included).

from April but the
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https://indico.cern.ch/event/1145735/contributions/4812702/attachments/2430527/4161866/Birmingham_ECR_Future_Colliders_Vesterinen.pdf

Descri the |andscape ’ll cover a few interesting features (bumps or

deviations) ...

... And ’ll do my best to not repeat from April - but
the landscape hasn’t changed (too much) since then
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https://indico.cern.ch/event/1145735/contributions/4812702/attachments/2430527/4161866/Birmingham_ECR_Future_Colliders_Vesterinen.pdf

Interesting Bumps

CMS Preliminary 138 fb (13 TeV)
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https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub

Related Bumps?

HIG-21-001: Search for A/H=> Tt

138 fb™ (13 TeV)

] CMS supplementary
High-mass

F T T
t Low-mass

Local p-value

1074E

T E
{10

126

30

gg¢—>tr

. .
60 100 200

| ‘1 6‘00 2060
m, (GeV)
J

100 GeV: 3.10 (local)

[ 2.70 (global)
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PLB 793 (2019) 320: Search
for low mass h->vyy

95 GeV: 2.80 (local) / 1.30 (global)
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HIG-20-016: Search for high mass H>WW

95% CL limit on o(H—~WW—>2I2v) [pb]
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650 GeV -3.80 (local) 2.60 (global)

What’s up with 650 & 90 GeV?
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/index.html
https://www.sciencedirect.com/science/article/pii/S0370269319302904?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/index.html
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Speaking of anomalies

‘9 Ry [Nat. Phys. 18, 277-282 (2022)] R,k [JHEP 05 (2020) 040]
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Setting the scale of NP?
Z
Sl +——e =
. . I—
One of the most striking results >
in our field is in the muon Fermilab ° <
: result - w
anomalous magnetic moment ©
0
(g
N @ : @ !
H ‘J@V Standard Model Experiment
My, M, ms =~ A \ Prediction Average
_ > «—()—=
vyL,r < A KL €Rr
175 180 185 190 195 200 205 210 215
9
a,x10 -1165900
From perturbative unitarity constraints on NP interpretations
of g-2 results (Phys. Rev. D 104, 055035 (2021) )
“...in order to resolve the new physics origin of the SMEFT “.. simplified models [... ] still imply new on-shell

operators behind Aap one would need to probe high-energy states below 200 TeV”
scales up to the PeV”
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.055035
https://news.fnal.gov/2021/04/first-results-from-fermilabs-muon-g-2-experiment-strengthen-evidence-of-new-physics/

CERN Courier M%y/June 2022

Not everything is said and :
doneyety ° \ LHC RUN 3 .'
' BEAMS, /
: DETECTORS,
ACTION
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W mass

Understanding our precision W-mass
measurements together will take more
data and more time (exp-vs-exp & exp-
vs-theory)

LHCB-FIGURE-2022-003
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Higgs Physics

10 years of Higgs boson measurements
still leave room for new physics!

s> RN R o rrrTm o rrrrm T
g2 L ATLAS Run 2 B
> = -~ 3
\% § !KC=KI /’4'2.? -
LLO> 10_1:_ + k. is a free parameter e w H_?_
g2 = SM prediction e 3
w - -
w - .
102 ¥ =
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) e T -
07 B -EEcE
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SR - fE
> 1
S 12[ -
w B ]
~ 1_ i) I 3 g I 7
5 1 i
0'8—_|||||“ Lo vl Ll Ll |_—
107 1 10 10

Particle mass [GeV]

(zzoz) £09 dWIN|OA 31NIDN

-y
o
w

95% CL limit on o(pp — HH (incl.)) / fb
2

CMS

138 fb" (13 TeV)

=1

_K—K

— Observed Median expected
BB 689% expected

95% expected

N

\

= Theory prediction

N\

Excluded Excluded
HH->bbbb, ol |
HHSbbrr [
HH->bbyy K
HH>bbZzz(4l) Measuring self-coupling to 50% would be

HH->multilep.

interesting for understanding early-universe

evolution (Phys. Rev. D 97, 075008 (2018))

(zzot) L09 awinjoA 3IMIDN

Nicholas Wardle
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https://www.nature.com/
https://www.nature.com/

We’ve barely begun with the LHC

After Run-3 of the LHC, the next phase is the g=——2 High

high-luminosity (HL)-LHC 4 C' Luminosity
| N | HC
~20X the data we have today!

LHC HL-LHC

-
r

We are here f

‘ (most of) you will be leading us by here
||||||“
CMS/ATLAS

set size
I | I |

LHC HL-LHC
Expect >160M H-bosons [ 120k HH pairs Per-expt

by the end of the HL-LHC!

Nicholas Wardle
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We’ve barely begun with the LHC oyrs OV

I
CMS

After Run-3 of the LHC, the next phaseisthe ... =~ W oz
high-luminosity (HL)-LHC . ” ...... e A S ——
~20X the data we have today! o0
LHC 2oF v Y g E
wearene” L0 M
2 e ——
e o e e e e i A v Sl
CMS/ATLAS NN H} ______________ N Rk
S 11y e
set size BB B
| | wE T O I
| L {FI}J
LHC os . . |3
Expect >160M H-bosons [ 120k HH pairs Per-expt 02 P

¢ Obs. (stat @ syst) stat

Dj, | A, | 7'h'l M.
by the end Of the HL'LHC ! SCOVG’J/ C/?U/nlspaper the B Proj. (stat ® syst) | syst

Nicholas Wardle
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html

Precision Measurements for Discovery

Examples from the past have taught us that precision measurements can lead to revolutionary discoveries...

Herschel 1781 Le Verrier, Galle, d'Arrest 1846

Uranus discovery Neptune discovered with 1°

“as a planet” (1781) \\ /’ of predicted position (1846) \ /

Precise measurements of position Measurements of Mercury’s orbit reveals
revealed deviations from expected orbit 43 arcseconds/century anomaly
- new planet predicted (1845/46) - new planet (or body) predicted (1859)

Slide shamelessly stolen from excellent Jesse Liu (Cambridge) seminar




Precision Measurements for Discovery

Examples from the past have taught us that precision measurements can lead to revolutionary discoveries...

Herschel 1781 Le Verrier, Galle, d'Arrest 1846

Uranus discovery Neptune discovered with 1° General relativity solves

‘““as a planet” (1781) of predicted position (1846) anomaly and changes view
\\ / \ of space & time (1915)

Precise measurements of position Measurements of Mercury’s orbit reveals
revealed deviations from expected orbit 43 arcseconds/century anomaly
— new planet predicted (1845/46) - new planet (or body) predicted (1859)

Slide shamelessly stolen from excellent Jesse Liu (Cambridge) seminar ... History has a habit of repeating itself © ...




FCC reach (there’s more than just Higgs but... )

Many potential options but all lead to high
precision ( O(%) level) characterization of
the Higgs boson couplings
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https://link.springer.com/article/10.1007/JHEP01(2020)139
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Reactor Anomaly (STEREO)

V, /g
Vi, Vp, V3, Vy A
" Ve — V“ 7 £ .
sotrce * propagation (mass states) V;. detector
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RAA : Reactor Antineutrino
Anomaly (deficit in anti-neutrino
flux from reactor)

P. Del Amo Sanchez - ICHEP22
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Spectroscopy

Many ‘“new” states observed at the LHC & e*e colliders
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Spectroscopy

News about the X(6900) structure
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LFU test at TeV scale

CMS-EXO-19-019
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https://arxiv.org/abs/2103.12003
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Further 600-something evidence?

https://arxiv.org/abs/2111.08962 (acc by JMP A)

Maurizio Consoli & Leonardo Cosmai

In the region of invariant mass 620740 GeV, we have analyzed the ATLAS sample of 4-
lepton events that could indicate a new scalar resonance produced mainly via gluon-gluon
fusion. These data suggest the existence of a new heavy state H whose mass 660 -+ 680
GeV would fit well with |the theoretical range My = 690 £ 10 (stat) + 20 (sys) GeV |

ATLAS XDy

Y

Phys. Lett. B 822 (2021) 136651
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https://arxiv.org/abs/2111.08962
https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub

Further 9o0-something evidence?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-025/

Higgs boson couplings beyond the HL-LHC

The long road ahead for the Higgs has many potential options but all

lead to high precision ( ~% level) characterization of the
Higgs boson couplings
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