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ATLAS SUSY Searches* - 95% CL Lower Limits

SUSY Reality

...Which is essential to recognize in any discussion of future experiments.

ATLAS Preliminary

g = qa(X7/x3) = aa(W/Z)x8

June 2021 Vs=13TeV
Model Signature  [£d: (] Mass limit Reference

3, 4% Oe,p 2-6jets ET 139 m(¥?)<400 GeV 2010.14293
monojet  1-3jets EP™*  36.1 m(G)-m(x?)=5 GeV 2102.10874
3, g_,qq,?? Oeu 2-6 jets E'I".'iss 139 m(%)=0 GeV 2010.14293
m(T})=1000 GeV 2010.14293
82, 3—qqWi leu 2-6 jets 139 m(¥})<600 GeV 2101.01629
g2, g—qq(ent) ee, uyt 2jets  EF™  36.1 m(g)-m(¥})=50 GeV 1805.11381
23, 3—oqqWZ¥ ] Oepu 7-11jets EF™ 139 m(¥;) <600 GeV 2008.06032
SSe,u 6 jets 139 m(z)-m(¥)=200 GeV 1909.08457

33, goti0s 0-1e,u 3b  EPS 798 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 m(z)-m(¥})=300 GeV 1909.08457
Biby Oeu 2p  EMs 139 m(¥})<400 GeV 2101.12527
10 GeV<Am(b; X1)<20 GeV 2101.12527
Bib1, bi—b¥s — bhi) Oep 6b  EPS 139 Am(B3,7)=130 GeV, m(¥})=100 GeV 1908.03122

27 2b s 139 Am(¥3,¥3)=130 GeV, m(¥})=0 GeV ATLAS-CONF-2020-031

L, ol Olep  >1jet  EP™ 139 m(&})=1 GeV 2004.14060,2012.03799
i, o Wbt leu  Bjetsb EMS 139 m(73)=500 GeV 2012.03799

iy, h—=%by, 11-1G 127  2jetstb EFS 139 m(7;)=800 GeV ATLAS-CONF-2021-008
iy, hoct) 1 &8, et Oe.pu 2¢  EPS 361 mE%)=0 GeV 1805.01649
Oe,u mono-jet Eﬁ"“ 139 m(#, ,&)-m(¥])=5 GeV 2102.10874
fiy, -, K92/ 1-2ep 1-4p  EP™ 139 m(¥3)=500 GeV 2006.05880
Hiy, h—i +Z 3epu 1b EPS 139 m(¥})=360 GeV, m(f )-m{¥})= 40 GeV 2006.05880

X0 viawz Multiple ¢/jets EMss 139 m(¥})=0, wino-bino 2106.01676, ATLAS-CONF-2021-022
ee, pupt >1jet Ez;-““ 139 m(¥1)-m(¥})=5 GeV, wino-bino 1911.12606
Xi¥; viaww 2e,u EMSs 139 m()=0, wino-bino 1908.08215
X0 via Wh Multiple ¢/jets Emiss 4139 m(¥})=70 GeV, wino-bino 2004.10894, ATLAS-CONF-2021-022

XX viat /v 2e,u ETS 139 m(Z,#)=0.5(m(¥; )+m(¥})) 1908.08215
77, T 27 ERSS 139 miE})=0 1911.06660
frbg, E-60] 2e,u Ojets  EP™ 139 meEd)=0 1908.08215
ee, Ut >1jet Eﬁ"“ 139 m(@)-m(¥})=10 GeV 1911.12606
HHA, A—hG (26 Oe,u >3b EM™s 361 BR(Y) — hG)=1 1806.04030
4ep 0jets EET“ 139 Bn(xf} - ZG)=1 2103.11684

Oepu =2largejets £7° 139 Bna? — ZG)=1 ATLAS-CONF-2021-022

Direct ¥1.¥] prod., long-lived ¥ Disapp. trk ~ 1jet ~ Emss 139 Pure Wino ATLAS-CONF-2021-015

Pure higgsino ATLAS-CONF-2021-015

Stable g R-hadron Multiple 36.1 1902.01636,1808.04095

Metastable z R-hadron, 3—qg¥, Multiple 36.1 m(¥%)=100 GeV 1710.04901,1808.04095
7, t—¢6G Displ. lep EF™ 139 ) =0.1ns 2011.07812
7€) =0.1 ns 2011.07812
X 0 3 s ze—eet 3eu 139 Pure Wino 2011.10543
XiX7 X3 — WW/ZEeLEvy deu Ojets ~ EPss 139 m(¥3)=200 GeV 2103.11684
32, 39901, X1 — qqq 4-5 large jets 36.1 Large 2}, 1804.03568

i, it X — ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
i, iob¥7, X7 — bbs > 4b 139 m(¥7)=500 GeV 2010.01015
fif, h—bs 2jets +2b 36.7 1710.07171
hih, h—gt 2e,u 2b 36.1 BR(f;—be/byi)>20% 1710.05544
1 u DV 136 BR(ﬁ—)Qﬂ)=1 00%, cosf,=1 2003.11956

X, )?‘l’ ,—hs, X1 —bbs 1-2e,u >6 jets 139 Pure higgsino ATLAS-CONF-2021-007

*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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Overview of SUSY results: gluino pair production
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Overview of SUSY results: electroweak production
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Overview of SUSY results: squark pair production
137 fb~! (13 TeV)
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Quadratic pressure for sparticles as close to the weak scale as possible.
(Perhaps the least compelling argument at present, but still worth keeping in mind)

Higgsinos (tree level)

Fairly UV independent
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Some UV dependence

Why SUSY (in the future)?

Gluinos (two loops)



Why SUSY (in the future)?

Predicts the Higgs mass.
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https://arxiv.org/abs/1504.05200
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Why SUSY (in the future)?

Unification.
|Giudice, Rattazzi, Strumia 1204.5465]
70 4 T 7 e gH ' EEIRTIOR &'6-
: ’ (SR B Tl ~ ~ 101 q
b . A,
2 6 NPHE o e - -7 1070
i ’,;-—-*"T”’ ! e 59 N
I I P s
| RS 2
_2._ o R . //‘*::’:/1; ;716:; )
\ ® /\/\// ////‘ ¥ .e; >
: | rBléw%c’%
100 105 108 10" 10" 10" i ‘ ‘ ‘ X ofs M .
—4 ) 0 y) 4 ) ~1 0 | y)
H [GeV] Abs—Ab, Ab;—Ab,
Running of couplings in the Standard Model New particles at TeV energies sharpen the
tantalizingly hints at unification, but the prediction & raise the scale; SUSY furnishes
intersection Is iImperfect & scale too low. natural candidates in higgsinos & gauginos




Why SUSY (in the future)?

Highly predictive, bounded scenarios that can be discovered or decisively excluded.

e.g. Minimal Gauge Mediation
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https://arxiv.org/abs/1504.05200
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Why SUSY (in the future)?
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SUSY is a phenomenal signal generator
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® disappearing tracks
® R-hadrons

® HSCPs

® Jisplaced photons



SUSY at a Muon Collider?

Supersymmetry vis-a-vis
Muon Colliders

V. Barger

Physics Department, University of Wisconsin, Madison, W1 53706, USA

CP435, Workshop on the Front End of a Muon Collider
edited by S. Geer and R. Raja
© 1998 The American Institute of Physics 1-56396-793-6/98/$15.00



The Muon Smasher’s Guide
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case, bring new targets into focus.

larXiv: 2103.14043]
Coarse-grained approach to

phenomenology: interestec
rates, simple parton-
analyses, setting aside
iInduced background &
reconstruction issues.
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energies & luminosities might
provide a comprehensive physics
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assumptions & energies:
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"LPTHE, CNRS & Sorbonne Universite, 4 Place Jussieu, F-75252 Paris, France E?rﬁt 'ab—l' 0.2 1 4 10 20 00 250 1000
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con Tab=1] | 0.2 | 1| 4] 10| 10 | 10 | 10 | 10

19 Department of Physics and Astronomy, University of Florence, Italy




Two channels for new physics

Combination of annihilation and VBF offers kinematic reach and considerable rate
c.f. [Costantini et al. 2005.10289]

Log o[0ann/0vBr] for SU(2) singlet Logio[0ann/ovBr] for SU(2) doublet




Higgsinos

Nontrivial background @ Muon Collider

Sharp target A1, 2
Pure Higgsino poorly JAN z O 2h
constrained by HL-LHC e
% % X X0 X, X, Production, tan = 5, p >0 Pure Higgsino
'g'. 107 LI L I | L L | | L L L I | L I | L I | L L | | L L L I |
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[Han, Liu, Wang, Wang, 2009.11287, updated for uSG]
I I H |

Muon Collider 20 Reach
(Vs=3, 6, 10, 14, 30, 100 TeV)

| Thermal|Target

(1.2,7)
2 |
Higgsino-like £

Muon Collider 50 Reach (vs= 3, 6, 10, 14, 30, 100 TeV) Muon Collider 50 Reach (vs=3, 6, 10, 14, 30, 100 TeV)

| Thermal Target I_; - | ' | B | Thermdl Targ it '_;

Optinistic luminosity - Conservative Luminosity :

0.5 1 5 10 50 0.5 1 5 10 50
m,(TeV) my(TeV)

(1.2,)

* Pure Higgsino case may be overly conservative, if other gauginos are light then signals become more striking.
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Higgsinos

(Capdevilla, Meloni, Simoniello, Zurita 2102.11292]

Detailed treatment of reco & BIB
Conclusions somewhat more optimistic.
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ptu~—tptp (annihilation)

Stops

The flagship LHC SUSY search...
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Stops

95% CL exclusion in simplified parton-level analysis w/ optimized invisible pr cut, VBF tf background

urum - szR - tt + xx uru - trt; > tt + XX uru - trtr + v tt + XX +vw
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For sufficiently distinctive final states, production in muon annihilation ~sufficient to give limit at kinematic threshold
15



CMS Phase-2 Projection 3 ab™ (14 TeV)

---Run 2 limit @ 35.9 " pp — §8, § — X, 1
—with Run 2 syst. uncert. ---@ 300 fb™

X4

—with YR18 syst. uncert.
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Absence of electroweak

quantum #s requires higher-
order production \/\M/\,é

(revisit w/ hadronic PDFs?
[Han, Ma, Xie, 2103.09844])
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. 2HDM at muon colliders
H | S SeCtO r Han, Li, Su, Su, Wu 2102.08386]
Charged Higgs pair production in muon annihilation

sufficiently distinctive up to ~kinematic threshold

Remains largely open after HL-LHC
(especially at moderate/low tan /), due

Signal after cuts

tang

. _ Signal Rate | v/s (TeV) o (fb) | ttbb
to S/B and difficulties of £t final state 6 0.32 | 70%
HTYH- 14 0.14 | 79%
[Djouadi, Maiani, Polosa, Quevillon, Riquer, 1502.05653] 30 0.04 | 87%
60 6 0.13 | 69%
40 HA 14 0.06 | 79%
% 30 0.02 | 87%
N Background after cuts
10 o V'S ttbb
: (fb) | (TeV) | whp- VBF
> 6 |67x107*| S107°
3 HtH-| 14 [23x103|1.1x10™*
> 30 |14x1073 |52x%x 1074
6 1.4 x 1073 | 4.0 x 1078
L 200 300 400 500 600 700 HA 14 1.7x 1073 | 1.7 x 1074
Vi (GeV) 30 | 7.9x107*|6.8x 107"
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The Gravitino

o[pb]

Never interesting at pp machines | - USG f
compared to MSSM searches. S A VY R
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Conclusions

® \/\\e must be realistic about the implications of LHC SUSY searches and careful in
framing SUSY motivation for a high-energy muon collider.

e Abundant motivation remains: prediction of Higgs mass, unification, bounded
scenarios, signal generation (and dark matter...).

® Suggests new particles around ~few TeV scale, naturalness considerations aside.
(Similar things can be said about composite Higgs models.)

-4

e Many places where a muon collider at ~10-14 TeV significantly improves upon LHC
sensitivity, hits targets in the ~few TeV range.

® Some places where a muon collider covers entirely new ground (gravitino).

e Current studies give a decent sketch of sensitivity, with room for improvement.

Thank you!
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