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lll. Summary

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Run 2 Summary plots 13 TeV

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/
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“SUSY + Another Higgs” Menu

Q (Non-)MSSM Higgs (e.g., 4, HE, ...) EEE)  Anti-particleTransformation
0O QCD Sectors ) SUSY Transformation

= Heavy g, 1sY/2nd generation §? W
= Lighter 3 generation squarks (£, b)? Quary plarks :
O Charginos & Neutralinos, decaying\into

leptons, Higgs, W, Z .l,,’_%_l::f.
T W ' 171 &
X1 € (BW,Hy H,) ; 1 € W, HY) ; ¥1 € W\H) oo
O Sleptons .
P s o o Compressed scenarios
* Mass degenerate &g, fig " /7
= Light 7,?

O Lightest SUSY Particle (LSP)
= 7. Bino-like, Wino-like, Higgsino-like, Bino-Higgsino-like. [Example] Higgsino-like
= Xi—r and yJ below 200 GeV, with mass splittings of order 10 GeV.
= G: 7Y > Gy, GZ, GH,
O Displaced Tracks, Long-Lived (LL)
O R-Parity violation (RPV)
1 Supersymmetric Y (e.g., Y = hidden sector)
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LHC SUSY Exploration Map

Cascade decay: pp - XX — (YY) - ZZ + SM particles

n 0. q q
Triggers: _ Analysis L :
1) energetic jets (+ p7***®) ,.*” 1) Blind analysis
2) leptons ol (SRs, CRs)
3) photons o 2) Particle-flow ID
4) timing 3) Neural-Net,
5) ISR jet(s) Y Machine Learning I

6) VBF dijet . f
Ny /

Compressed
Mass
Scenario

=

Low pr objects
il Boosted objects

Key: Final states and branching fractions
depend on the nature of cascade decays.




_  Analysis Flow

1) Advanced particle ID (e.g., particle \ .~ \ . v B 4;
flow, ML/DL, boosted objects): top, 7 S > T~
b, h - bb, h - 17, W — jj 720 N AL G

2) Full detector simulation | b

3) Signal Regions (SRs) and Control
Regions (CRs)

4) Blind analysis: data in CRs must be CMS Simuiaton  1aTev

o partially merged,
boosted W

fully understood before analysis of =~ % e Tl Wi
the data in SRs. £, e P e R
5o

5) Maximize sensitivity (e.g., NN)

6) Observed and expected yields (with
uncertainties) in SRs.

5
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o
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- -k
cf) o0 O 0o
TTTT T T T
|

Signal / tt

01 02 03 04 05 - 0.7 08 0.9 1
\ DNN score
Note: particle flow ID

= Electrons, muons from ~5 GeV, 1, ~20 GeV, jets ~30 GeV, b ~20 GeV, pf*ss ~30 GeV,
photon ~10 GeV
= See, for example, CMS: JINST 12 (2017) P10003, ATLAS: Eur. Phys. J. C 77 (2017) 466
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SUSY QCD 3'! Generation Sector

0 The SUSY scale could be beyond the LHC Hadron Collider g /g Mass M/y/s

kinematical limit a few TeV (see backup el ACEEL
slides on the § and 1s4/2"d generation §g). Tevatron (2 TeV)  ~400GeV  0.20
Q If the g and 152" generation § would be LHC (8 TeV) ~1.7TevV  0.21
ultra heavy, the search program for lighter 3@  LHc (13 Tev) ~22TeV 0.7
generation § (£, b) is important. FCC (100 TeV)  ~20 TeV*  0.20*

» R-parity conserving (RPC) SUSY

= No or little P;***
v RPV: see “Searches for RPV SUSY in ATLAS,
CMS and LHCh" by Saikat Karmakar (Tata Inst.
of Fundamental Research (IN))

v RPC “Stealth SUSY” with G (LSP) + near-mass
degenerate between scalar singlet S and g
fermion singlino S (in hidden sector): t - § - G t

] g
LR
S -
g

Teruki Kamon

(*) just use a naive scaling




“SUSY L b” Menu
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ATLAS T - t¥Y, bW¥3, bff' %5

s =8,13 TeV, 20.3-139 fb

March 2021
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= Observed limits
= = Expected limits

Data 15-18, Y5 = 13 TeV, 139 fb '
—— monojet,?‘ — bff' i?
(2102.10874]
oLt li? 1,- bwi? 17, - bif i‘:
[2004.14060]

=t ﬂti?l’ [ bWi?.r“f‘ — bif i?

[2012.03799]

= 2L, Tt/ T, - BWE /T, - bif

[2102.01444]

Data 15-16,¥5 = 13 TeV, 36.1 fb '
- ~0 > ~0 =~ o =0
_— t1atxlft1~+bwaﬂt1 — bff X,
[1709.04183, 1711.11520,
1708.03247, 1711.03301]
~ )
— - o,
[1903.07570]

Data 12,¥s =8 TeV, 20.3fb '
Ei- 1if 11— bwif /1, > bif i‘:
[1506.08616]

I3 140
zt.:" 120

. Am(t )(1) >m(t): £ - tf?
= m(t) > Am > mW): & > bW 2
= m(W) >Am > 0: & > bff' 7

ATLAS = Observed limit (1)
Vs =13 TeV, 139 fo'!
Limit at 95% CL
t t production, t — biff' x t —>wa t —>tx
= 200F] ' <
[¢]
0] 180
— 160

===~ Expected limit (:10,,)
ATLAS Vs =8 TeV 20 fb",
Vs=13Tev361tb’
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In the corridor (Am(t )(1) m(t)), 2 complementary approaches: (i) measurement of
differential cross-sections for ATLAS, (ii) DNN techniques for CMS,

d Stop: Up to ~1250 GeV

 Weaker limits for compressed mass spectra
O Access to ultra compressed-mass scenario (small Am(Z, 7?)) via ISR jet




Ity

CMS i - t¥,

pp =T, T=tX  wmoriond2021  Corridor (Am(f, )"(f) = m(t)): (i) Combination

T | T T 1 | T 1 I T 1 ‘ L ‘ T T | T T | T

—
> | i . n . .
S | CMS preiiminary 137" (13Tev) |  Of 9 channels: (ii) 3 data-taking period x 3
== 1000~ _sUs-20-002, 0-, 1-and 24ep combination. .= |epton flavor pairs; (iii) binned DNN
b - 1711.00752, 0-, 1- and 2-lep (stop), 36 fb" P i
gt - U
- — i , _ep sop \" — -‘(2 _'"‘I“"I""I""\""-\‘"‘I""I""\""\""_
800— —2008.05936, 2-lep (stop) /Q ,’ /&“// - S 03 N (m, =275 GeV, m = 100GeV)  —
B 7 ¢ /, i 8 i t— G, {m; =275 GeV, my = 100 GeV) |
. l s L (7772 1 (. =225 GeV, my = 50 GeV) |
i ] I o o T 7 (m, = 225 GeV, m, =50 GeV) |
IRl P ' 7
600 s € 7). ]
- — 2 i % : i
| - 0:17 =
400— = ’
| _ 0 e
B A = 15¢ o,
i 1 = 10 £
200 R 3
[, / 1 ? %9071 02 03 04 05 06 07 08 09 1
4 , - __cms 137 b (13 TeV) DNN score
Y, | % Wau?ppaf‘?, t‘,A‘t?,? T T T T -7 *i . . . .
0 reod [ I y | B TR 07 i T A _:mé; GOOd dISCrImInatIOH
200 g

600 800 1400

m; [GeV]
SUS-20-002 (stop combination + corridor)

il 1 1 L I
140 1680 180 200 220 240 280 280

my (GeV)

|
=

55% CL Upper limit on cross ser

at high DNN score

O Stop: Up to ~1300 GeV for 02,14, 2¢ (combination)
O Weaker limits for 2¢
O CMS ~ATLAS for Am(E, #9) > m(b) + m(W)
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bx1(100%)

CMS 137 fb (13 TeV) o CMS 137 fb”' (13 TeV) -
= pp o, 1, >t T . G 3 1000] pp 1, §, b, > bW, )
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ATLAS T - b¥:" - bvt

Heavy 7T = - 1T channel

> [ T T T T r T T T T I T T I T T T T | T _]
Q - p 1
0] - ATLAS Preliminary ¢ Data % Toalsm
2 6 Vs=13 TeV, 139 fb" Wi(trear [ti@realty —f
e E sn [ other B tivv ]
o 5 |~ Di-tau channel [] v+jets Multiboson  —
= - ]
|_|CJ C []ti+H 0
41— -+ m(t,T) = 1350, 1090 GeV —

-« m(t,T) = 1350, 590 GeV ]

1ol

0 Ees e e | e
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Light T T- 17 channel

> I | [ G l 1T I L B 1T l I I | l | N G § l 1T I LI G | UlE B | I d:
& - ATLAS Prellmlnary ¢ Data % ToalsM 3
3 Vs=13TeV, 139"  Mti(irealy) [@other
; 14 SR (multi-bin) [:| Single top D V+jets <]
m 2 -
£ Single-tau channel M v 7
g 12p - m({,©) = 1150,190 GeV
106 7 m(LQ)) = 1.2 TeV e
8 =
6 -
4 DGl A é _;
2 L L
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m(z,) [GeV]

p
p
b 1%
t, T, production, with branching ratios B(f, — 7,bv) = 1, B, > G) =1

= 1 I 1 1 | I 1 1 1 I 1 1 T I 1 1 1 I 1 1 1 =i
1800 ATLAS Preliminary =
P Vs=13 TeV, 139 fb™", All limits at 95% CL =
[ - - - Expected limit (+10,,,) =
1400 — == Observed limit (+1 c‘f};‘s’;) =]
J— u ATLAS 13TeV, 36.1 fo”' (observed) .-~ .
- ATLAS 8 TeV, 20.3 fb™' (observed) ~  jeme® == 177" 1 3
1000 0 LEP limit vl i
- il 4
800 g P r
- ,: 'l -
N e -
600— o .
e fi =
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1400
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d Stop: Up to ~1400 GeV
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g - ttxy

March 2021
; 2400:I B B B N NS B [N R (R [>7_[12[jéts e;(p[eclte Iéé ]fll);—l CMS Preliminary 138 fb’1 (1 3 TeV)
8 2200 :_A TLAS Prellmlnary 2 7-12jets c:bser\.fe,-g1 — % 2000|pp - g9, g —tf % NLO+NLL exclusion - o)
Pt [ = 0 \r 19 Tayy = 3b jets expected 79.8 ft _1(5 = o
s~ 2000F ;g_) ﬂX , VS = 3Te m— > 3 jets observed ) == 1800| == Observed + 1 Gtheory £ c
clnx— ------- SS leptons expected -1 ) === Expected + 16 SUS'21 '007 = 2
- - 36.1-139fb 1 — SS leptons observed 6. 1 fb 1600 " P - experiment . O
& 1800 "7 T T Run 1 expected - C 7 ] y %
C Alllimits at 95% CL Run 1 observed ] 1400F- ENEVE R
1600— @b" > 7-12 jets: arXiv:2008.06032 - - ,(‘\,\ b= h " il 3 8
" I et > 3b jets: ATLAS-CONF-2018-041 1200 Y - 5
1400[— ‘}DX s SS leptons: arXiv:1706.03731  —] - @ ; . N s
- \ ."a‘«\«.‘«‘“& Run 1: arXiv:1507.05525 5 1000 ‘L& 2 o — 102 S
1200(— o ol e - - 4 i § - E
C T ] - -\ o il 3 1=
B MY > . 800— ) s = =
1000F > — - ,’ o . @
- : . 600 o s 1 a8
800 ] R 4 L 1
] 400, ¢ ' 1 _
...... 3  a E o
(S10]0] 2 ] 200 [ | = = ‘62
: ; ] e
400 ] PN N T T T O ST PO R S O T T O 1 L1 0 | ﬁ 10—4 op)
: = 800 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
200 I ) - I L1 i A | l lal | 1 1 1 l L1 | i L1 I L1 | i = m"g" [GeV]
1000 1200 1400 1600 1800 2000 2200 2400 2600
m(g) [GeV]
_ Also see SUS-19-007
t
e Multijets, N(b) = 3, , SS ¢4, Ap (¥, W,.c0), top and W tagings

t

O Gluino: Up to ~2200 GeV

O Weaker limits for multijets and SS dilepton
O Access to compressed-mass scenario vis SS dilepton
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{s =13 TeV, 139 fb March 2021

T | T T T | T T T | T T T | T T T I T T T ‘ T T T ‘ T
b, production ATLAS Preliminary.
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T T T
o o

—~1000
-~ Q
© -~ - by ti.Aam(E, i?;:mo GeV [1909.08457] (&

Q
[2101.12527] NP

Vi ~
s@ b

! ~0 . mi
b, = b %, (b-jets + ET =

m

800 b, b % (monojet) [2102.10874]
| Limits at 95% CL
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Moriond 2021
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| i 1 I:; 1 | 1

0 I ! Il | l 1 1 | I
b, B, production; B, » b z: sbh s Am(g,:.f")-nu GeV 600 800
— T —— T

E T
C ATLAS Vs=13 Te¥, 138 fb", all limits at 95% C.L.

C - Expectodlimit (+10,5)  —— Observe limit (=1655)

ATLAS 13 TeV, 139 0" ,°
JHEP 12 (2018) 080~

b — b? — bh? (tthb)

TR T |
400

| -
1200 1400
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o ) A [
600 80O 1000

1000

1200 1400
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Q b - b¥},bxy: ~1300 GeV; Powerful to access to Am(b, 73, )~0 GeV with ISR jet

Q Weaker limits for b - t¥7
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i + 7] RPV or Stealth Seetor

RPV

B-number-violating UDD coupling

Decay via off-shell squark
YZ -0

7 Two t quarks, 4-6 extra

! ; Jets, and no or little pIuss
CMS

137 fo! (13 TeV)

£ 8
i L Iﬁ+x IQCD multijet IOther Iﬁ +Data
g W RPV m. = 450 GeV
@ — — - Stealth SYY m, = 850 GeV
P w
minimal stealth sector
S decays to close-in-mass partner g g '
Decay through hidden sector \l @QJ g
© 095F
a 7 8 9 10 11 212
. Nets
tr
N b&gfb s 10 GeV
m(8) — m(S) = 10 GeV g S S ¢
Gravitino is light and soft me—— (} g
G ora

Near-mass degenerate between scalar singlet
S and fermion singlino S (in hidden sector):

95% CL upper limit on o_- [pb]

95% CL upper limit on c_- [pb]

10°

tt
-
o

T lIlIIIII T IIIIIIII T lIIIIl&

-

107

102

-t
9
w

10°

t

t
—
o

T IIIIIIll T IIIIIHI T IIIIIIII T IIIIII|I T TTTITH

i

107

1072

16~
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~

SUS-19-004

T
pp —>tt,t—>t;(1 x1 =il
B 68% expected
95% expected
—— Observed limit
E==c. (NNLO+NNLL)

CMS

B(t—>tx°)_1o
BG( —ijp=1.0
mo=1ooe.ev

IIIIIIII IIIIlIIlI
III| 1 IIIlIIII 1 IIIIIII] 1 IIIIIIII 1 lIIIIII] 1 IIIIIH
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CMS
B 68% expected

95% expected
—— Observed limit
C.: (NNLO+NNLL)

B - 15g)=1.0

B - SG)=1.0, B(S = gg)=1.0
m~_1OOGeV m =1 GeV, m =90 GeV
p 1 1 I S ] ' il L '

'|Ill| 1 I|IIIHI 1 IlIIIIlI 1 I|IIIIll 1 IIIIIlIl 1 IIIII

-llllI

300 400 500 600 700 800 00 1000 1100 1200
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O Stop: ~900 GeV for m(S) — m(S) = 10 GeV (G from S decay are soft = little PJ**s%)

LHC Chargino/Neutralino
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Summary: Run 2 = Run 3

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2022 s =13TeV
Model Signature  [Ldr[m™] Mass limit Reference
biby Oep 2b EmEs 139 By |1.255 m(¥|)<400 GeV 2101.12527
By 0.68 10 GeV<Am(b; ¥1)<20 GeV 2101.12527
w e biby, bi—bT) - bht Oep 6h EPS 139 | Forbidden c|23-1.35 Am(¥3,8))=130 GeV, m(¥})=100 GeV 1908.03122
% S 27 2h Eps 139 by 0.13-0.85 Am(iS.¥1)=130 GeV. m(t})=0 GeV 2103.08189
[¥] , . . .
§.§ fif1, =t 0-1e,u >ljet  Epe 139 | I 1.25 miF))=1GeV 2004.14060,2012.03799
e85 A h—wet) teu  BjetsA b EF® 139 | Forbidden =~ 0.65 [ m(¥})=500 GeV 2012.03799
2 -g Qi i—=Tiby, 7116 1-271 2jets/1 b EF™ 139 fi Forbidden 1.4 m(F; }=800 GeV 2108.07665
% £ hh, ook 1, ik Oep 2¢  Epe 361 @ 085 | m(f})=0GeV 1805.01649
™ O 0eu mono-jet  EP™* 139 iy 0.55 m(7;,&)-m(i))=5 GeV 2102.10874
R, oy, 9—Z/he) 126, 146  EFS 139 |§ 0.067§.18 m(¥2)=500 GeV 2006.05880
P, i) + Z Sep 1b EPs 139 | Forbidd 0.86 m(¥|)=360 GeV, m(7,)-m(¥| )= 40 GeV 2006.05880
B
|
L L Il L L L Il L I 1 L L 1 L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TEV]

phenomena is shown. Many of the limits are based on

simplified mode

Ol iy e peir production limits of O(1 TeV) in very diverse
§ i | .
N rm———— : search scenarios.

R —_— 3 More results are in the pipeline
" and will become public throughout
e the remainder of the year, and

5 s : develop new ideas & techniques
ST T T & %7 constraining SUSY parameter

CMS (preliminary) Moriond 2021 D L H C Ru n -2 ( 1 40 fb B 1 ) : Stri n ge nt
S Emm— | more data in Run 3 is critical to
t = by — brf — bt |26 aXiv200805036 I =05
el e and to open new avenues for
space.

|
|

|
o
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(a) y/Z model

(b) ¥/h model




Quick Review: g Limits with 7 or G

-1 ~~ o~ e

— Moriond 2021
> _\IIl\IIl\I]l[II 11 11 11 ;‘20007““"‘|‘||‘||||4||\|‘\‘\‘\\“‘\‘|\7
o) - G i, 0lep. [2010.14203] ATLAS Prellmmary © . CMS 137 fbo' (13 TeV) -
5 3500 b7 = 3 bjets [CONF-2018-041] O, B0 e 5 i e
— [ G ] =3 bets + = 2 lep. SS [CONF-2018-041, 1706.03731] #1600 ::ggg-ggzgg.&er (HT™) _g’éi‘ziee‘i_
PQéooolga@wﬁomp+1mppmamma2mmmwm 1400] | 2 ke
- §— qz"% 2 lep. OS SF [CERN-EP-2022-014] Hiah 7) f
w Ak " igh pr(y/Z) for 12005 E
- 0— qaWZy, =7-12jets + 1 lep. +=2 lep. SS heav ~0 decavs . L™ 2
2500 [2008.06032, 1708.08232, 1909.08457] Y X1 y SEeHE: J L) 3
[ G au(livw)y, vialv 2 lep. OS SF [1805.11381, CERN-EP-2022-014] 1 - i .
- = 17 [1808.06358] B0, 3
20001 = 1y [1802.03158] pp*‘*g Q g——»qq()—(,lxz)qqq(W#Z) X Moriond 2021
[ Colours indicate different models ';' 1800 UL DL DL L L .
150 L Observed limits at 95% CL 8 CMS | BHWUSEW:
>0 B S b - _
1 13 W+/Z: 2001.10086, =2-| -Si =—0UDbserved - I
/ —Yg tti‘l( 1 E Adanf- W B0 At et i ) 1600 1800 2000 2200 2400
1000 e ,-,,: mxx—OS(m +m):
...... - my [GeV
" SRR G e 5 o1oeY
500 | i oy ;
L ' g _> CICI)(1 8001~ ~
20 | | | | | | | | | | | | | | 1 | 1 | I | | | | : : ]
QOOO 1200 1400 1600 1800 2000 2200 2400 RO 3
m(g) [GeV] :
Low py(y/Z) for 200f- E

Iighti?decays glllll][llllll ll:'llll“'lﬁ:ll
800 1000 1200 1400 1600 1800 2000 2200

Q Gluionos: Up to ~2200 GeV for § — qqi?, bbby, ttx?, qqW 2, qq(££,vv) iy
d Weaker limits for § — qqZ)(1 quZ)Zf qq(rr, TV, vv))Zf
) Gefor g = qq(y/Z)G by 77 = (v/Z2)G
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Quiek Review: g Limits with 7} or G

Vs=8- 13 TeV 20.3 - 139 fb1 March 2022 ~~ o~ ~
__ 3000 — 1400 PP —>QQ, Q—=>qX]  Moriond 2021
s | e ATLAS Preliminary S L AN EE
g - q— q?: 0 lep. + mono-jet [2010.14293, 2102.10874] 1 o - ( e )
— 2500 § — qWs® 0lep. + 1 lep. [2010.14293, 2101.01629] = — 1200 ggg-ggigg' 8-:ep EMW;' 36 fo” --.Expected _|
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O Squarks: Up to ~1800 GeV with 4-degenerate flavor ¢; ~1200 GeV for one flavor g

O Weaker limits: cascade cays via 79, ¥+, ?

O Powerful technique for small mass difference (compressed mass spectra) with ISR
jet




