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The-only-excep;on-is-the-ATLAS-1LLepton-search-for-stops:-
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About-2Lsigma-excesses-in-

SR1-and-BC2x_diag-regions.-
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About-2Lsigma-excesses-in-

SR1-and-BC2x_diag-regions.-

About-3Lsigma-excesses-in-

DM_low-regions.-



The-2Lsigma-excess-in-SR1-is-interpreted-in-stop-!-top-+-LSP:-



The-2Lsigma-excess-in-SR1-is-interpreted-in-stop-!-top-+-LSP:-

 [GeV]t~m
200 400 600 800 1000 1200

 [G
eV

]
0 1χ∼

m

0

100

200

300

400

500

600

700

3−10

2−10

1−10

1

10

210
 (13 TeV)-112.9 fbCMS  Preliminary 

  NLO+NLL exclusion
1
0
χ∼ t → t~*, t~ t~ →pp 

theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

95
%

 C
.L

. u
pp

er
 lim

it 
on

 c
ro

ss
 s

ec
tio

n 
[p

b]

The-corresponding-CMS-1LLepton--

stop-search-didn’t-see-an-excess.-

PASLSUSL16L028-



The-2Lsigma-excess-in-SR1-is-interpreted-in-stop-!-top-+-LSP:-

Neither-did-the-inclusive-hadronic-

searches-in-this-channel.-
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The-2Lsigma-excess-in-SR1-is-interpreted-in-stop-!-top-+-LSP:-

Neither-did-the-inclusive-hadronic-

searches-in-this-channel.-
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The-excess-region-is-

excluded-by-CMS-data?-

PASLSUSL16L015-



BC2x_diag-region-is-interpreted-in-stop-!-b-+-(chargino-!-W-+-LSP)-



BC2x_diag-region-is-interpreted-in-stop-!-b-+-(chargino-!-W-+-LSP)-

 [GeV]t~m
200 400 600 800 1000 1200

 [G
eV

]
0 1χ∼

m

0

100

200

300

400

500

600

700

3−10

2−10

1−10

1

10

210
 (13 TeV)-112.9 fbCMS  Preliminary 

1
0
χ∼  ± b W→ 

1
±χ∼ b → t~*, t~ t~ →pp 

NLO+NLL exclusion
theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

)/20

1
χ∼

 + m
t~

 = (m±

1
χ∼m

95
%

 C
.L

. u
pp

er
 lim

it 
on

 c
ro

ss
 s

ec
tio

n 
[p

b]

Again-the-corresponding-CMS-1LLepton--

stop-search-didn’t-see-an-excess.-



BC2x_diag-region-is-interpreted-in-stop-!-b-+-(chargino-!-W-+-LSP)-
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Again-the-corresponding-CMS-1LLepton--

stop-search-didn’t-see-an-excess.-

But-the-kinema;c--

assump;ons-are-different!-



DM_low-has-a-slightly-different-decay-topology:-

Buckley,-Feld,-Goncalves-1410.6497-



DM_low-has-a-slightly-different-decay-topology:-

Buckley,-Feld,-Goncalves-1410.6497-

NO"corresponding"analysis"by"CMS!"



SUSY-analyses-do-not-give-a-“bestLfit”-model-for-any-excess-they-see.-Only-

exclusion-limits-are-presented.-
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exclusion-limits-are-presented.-

This-is-different-in-the-Higgs-working-group,-because-they-can’t-pretend-the-

Higgs-is-not-there.-
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Mild-excesses-in-

HL>WW-

In-ZH-and-kH-

produc;on-

channel-

µZH = 5.9+2.6
�2.2

µttH = 5.0+1.8
�1.7



The-combina;on-in-Z+(H!WW)-channel-is-driven-leptonic-final-states:-

No-excess-was-seen-

in-ggH/VBF/WH-tag!-

CMS:1312.1129-



The-combina;on-in-Z+(H!WW)-channel-is-driven-leptonic-final-states:-

No-excess-was-seen-

in-ggH/VBF/WH-tag!-

Only-ZH-tag-sees--

the-enhancement.-

CMS:1312.1129-



The-combina;on-in-Z+(H!WW)-channel-is-driven-leptonic-final-states:-

ATLAS:1506.06641-



Did-ATLAS-and-CMS-see-the-same-excess-in-ZH-channel?-
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ATLAS-Channels:--

•  4Llepton-+-2ν--
-----(Z-!-2L,-H-!-WW-!-2L-+2ν-)-

•  2-OS-leptons-+-2ν-+-2-j--
-----(Z-!-2j,-H-!-WW-!-2L-+2ν-)-



Did-ATLAS-and-CMS-see-the-same-excess-in-ZH-channel?-
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ATLAS-Channels:--

•  4Llepton-+-2ν--
-----(Z-!-2L,-H-!-WW-!-2L-+2ν-)-

•  2-OS-leptons-+-2ν-+-2-j--
-----(Z-!-2j,-H-!-WW-!-2L-+2ν-)-

CMS-Channel:-

•  3Llepton-+-ν-+-2j--

-----(Z-!-2L,-H-!-(W-!-2j)-+-(W-!-Lν)-)-



Did-ATLAS-and-CMS-see-the-same-excess-in-ZH-channel?-
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It"is"not"clear"that"they"saw"the"same"excess…"

-

Moreover,-there’s-NO-update-in-this-channel-at-ICHEP.-Would-be-interes;ng-

to-see-what-happens-at-Run-2.-

"

"

-

ATLAS-Channels:--

•  4Llepton-+-2ν--
-----(Z-!-2L,-H-!-WW-!-2L-+2ν-)-

•  2-OS-leptons-+-2ν-+-2-j--
-----(Z-!-2j,-H-!-WW-!-2L-+2ν-)-

CMS-Channel:-

•  3Llepton-+-ν-+-2j--

-----(Z-!-2L,-H-!-(W-!-2j)-+-(W-!-Lν)-)-



The-combina;on-in-k+(H-!-WW)-is-also-driven-by-the-leptonic-channels.-
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The-combina;on-in-k+(H-!-WW)-is-also-driven-by-the-leptonic-channels.-

SM
σ/σ = µBest fit 
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CMS Preliminary  = 125.7 GeVHm

+1.6
1.4- = 3.7µcombined 

SameLsign-dileptons!-



Did-ATLAS-and-CMS-see-the-same-excess-in-kH?-
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Both-ATLAS-and-CMS-looked-for-

•  SS-2Llepton-+-bLjets-+-MET--

•  3Llepton-+-bLjets-+-MET-

•  4Llepton-+-bLjets-+-MET-



Did-ATLAS-and-CMS-see-the-same-excess-in-kH?-
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"
"

There’s"strong"overlap"in"the"signal"regions"searched"for"by"ATLAS"and"CMS!"

"

However,-the-“Higgs-mass”-is-never-reconstructed-in-the-k+(H-!-WW)-

analyses.-

-

In-fact,-mul;lepton-+-bLjets-+-MET-are-quintessen;al-BSM-signatures!-

-

"

"

-

Both-ATLAS-and-CMS-looked-for-

•  SS-2Llepton-+-bLjets-+-MET--

•  3Llepton-+-bLjets-+-MET-

•  4Llepton-+-bLjets-+-MET-



At-Run-1,-it-doesn’t-maker-where-you-look,-there-seems-always-an-excess-in-

SS2L-+-bLjets+MET:-

-

•  CMS-SS2L-SUSY-search-in-arXiv:1311.6736"–-A-cutLandLcount-analysis;-No-pLvalue-is-
given-for-the-excess.-

•  ATLAS-SS2L-SUSY-search-in-arXiv:1404.2500""–-A-cutLandLcount-analysis;-the-pL
value-is-0.07.-

•  CMS-SS2L-HIGGS-search-in-arXiv:1408.1682"–-A-MVA-analysis;-bestLfit-μ-=5.3+2.1
L1.8-

.-

•  ATLAS-SS2L-Exo;ca-search-in-arXiv:1504.04605""–-A-cutLandLcount-analysis;-the-pL
value-is-0.029.-

•  ATLAS-SS2L-HIGGS-search-in-arXiv:1506.05988"–-A-cutLandLcount-analysis;-bestLfit-
μ-=2.8+2.1

L1.9-
.-

•  ATLAS-measurements-on-SM-kW-in-arXiv:1509.05276:-expects-a-significance-of-
2.8Lsigma-and-observed-5.0Lsigma-in-the-SS2L-channel.-

•  CMS-measurements-on-SM-kW-in-arXiv:1510.01131:-the-observed-signal-strength-
(in-unit-of-SM-expecta;on)-is-2.04

L0.61
+0.74.-

These-analyses-looked-at-two-independent-datasets-with-different-cuts-and-

different-background-subtrac;on-methods.-They-all-saw-an-excess.-

-



What-did-Run-2-see-in-k+(H-!-WW)-so-far?-

-



What-did-Run-2-see-in-k+(H-!-WW)-so-far?-

-
ATLAS@ICHEP:--μ=-2.5

L1.1
+1.3--

CMS@ICHEP:-----μ=-2.0
L0.7

+0.8--

-

(ATLAS+CMS@Run1:-----μ=-5.0
L1.7

+1.8)--



What-is-the-nature-of-the-persistent-excess-in-mul;lepton-+-bLjets-+-MET?-
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•  A-persistent-excess-could-be-just-a-persistent-sta;s;cal-fluke!-
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•  Systema;c-uncertain;es-that-are-missed-by-ATLAS-and-CMS-at-both-Run-1-

and-Run-2??-

•  Underes;mated-SM-rates-(such-as-kbar+W/H-)??-



What-is-the-nature-of-the-persistent-excess-in-mul;lepton-+-bLjets-+-MET?-

-

•  A-persistent-excess-could-be-just-a-persistent-sta;s;cal-fluke!-

•  Systema;c-uncertain;es-that-are-missed-by-ATLAS-and-CMS-at-both-Run-1-

and-Run-2??-

•  Underes;mated-SM-rates-(such-as-kbar+W/H-)??-

•  We-are-on-the-verge-of-seeing-BSM-physics?-



Broadly-speaking,-the-mul;lepton-+-bLjets-+-MET-excess-can-be-characterized-

as-

2-b-+-4-W-+-X-

-

If-X-=-MET,-then-we-have-2-b-+-4-W-+-MET-final-states.-

-

However-“X”-could-contain-MET-+-addi;onal-visible-or-sov-par;cles.--

Example:-four-tops-final-state!-

-

If-we-assume-the-final-state-comes-from-pair-produc;on-of-heavy-par;cles-

proceeding-through-iden;cal-decay-chains,--

Could"this"be"a"window"for"light"stops/sbo4oms?"

P.-Huang,-A.-Ismail,-IL-and-C.-Wagner:-1507.01601-



Under-these-assump;ons,-the-electric-charge-of-the-heavy-par;cle-can-be-

classified,-assuming-a-neutral-stable-par;cle-N#giving-rise-to-addi;onal-MET.-

-

•  Charge-(L1/3)-par;cle-with-the-decay-topology:-

This-case-includes-the-sbokom-in-SUSY,-

-

-

-

or-the-TLodd-BLprime-fermion-in-likle-Higgs-theories-with-TLparity,-

B ! t+W� +N

b̃1 ! t+ (�̃�
1 ! W��̃0

1)

b0 ! t+ (W�
H ! W�AH)



Under-these-assump;ons,-the-electric-charge-of-the-heavy-par;cle-can-be-

classified,-assuming-a-neutral-stable-par;cle-N.-
-

•  Charge-(+2/3)-par;cle-with-the-decay-topology:-

where-C±-is-nearly-degenerate-with-N-and-subsequently-decays-
-

-

-

Will-see-an-example-of-this-from-top-squarks.-

-

-

-

T ! t+W± + C⌥

C± ! N + soft charged particles



Under-these-assump;ons,-the-electric-charge-of-the-heavy-par;cle-can-be-

classified,-assuming-a-neutral-stable-par;cle-N.-
-

•  Charge-(+5/3)-par;cle-with-the-decay-topology:-

One-closely-related-illustra;on-is-the-chargedL5/3-fermions-in-composite-Higgs-

models-

-

-

In-which-case-the-MET-comes-solely-from-the-neutrino-in-WLdecay.-

-

-

-

X5/3 ! t+W+ +N

X5/3 ! t+W+



We-normalize-any-BSM-signal-to-the-SM-kH-strength.-

For-example,-one-could-consider-the-sbokom-decays-with-the-spectrum:-

mb̃ = 550 GeV

m�̃� = 340 GeV

m�̃0 = 260 GeV

t

W�

µb̃/µttH = 1.8

µ
tot

= 2.8

To-avoid-CMS-SUSL13L008--

trilepton-constraints.-



We-normalize-any-BSM-signal-to-the-SM-kH-strength.-

For-example,-one-could-consider-the-sbokom-decays-with-the-spectrum:-

mb̃ = 550 GeV

m�̃� = 340 GeV

m�̃0 = 260 GeV

t

W�

µb̃/µttH = 1.8

µ
tot

= 2.8

It’s-difficult-to-make-this-decay-BR-100%-in--

SUSY-because-of-sbokom-!-bokom+LSP-

To-avoid-CMS-SUSL13L008--

trilepton-constraints.-



We-can-also-generate-the-signal-with-light-stops-in-a-“realis;c”-MSSM-

spectrum-with-almost-100%-decay-BR:--

t̃1 = t̃R ; 550 GeVA-pure-rightLhanded-stop:-

A-pure-Bino:-

Pure-winos:-

�̃0
2 = B̃ ; 340 GeV

�̃±
1 = W̃±; �̃0

1 = W̃ 0; 260 GeV

µ
˜t = 1.83

µ
tot

= 2.83

t

W⌥



We-can-also-generate-the-signal-with-light-stops-in-a-“realis;c”-MSSM-

spectrum-with-almost-100%-decay-BR:--

t̃1 = t̃R ; 550 GeVA-pure-rightLhanded-stop:-

A-pure-Bino:-

Pure-winos:-

�̃0
2 = B̃ ; 340 GeV

�̃±
1 = W̃±; �̃0

1 = W̃ 0; 260 GeV

µ
˜t = 1.83

µ
tot

= 2.83

t

W⌥

WLboson-can-have-either-sign,-which-gives-a--

spectacular-SameLsign-3L+bLjet+MET-signal!-



At-13-TeV,-this-benchmark-predicts-a-signal-strength-in-k+(H!WW):-

-

-

-

-

-

In-2016-data-the-95%-C.L.-upper-limit-on-this-signal-strength-is-

µATLAS(13TeV)  4.9

µCMS(13TeV)  3.9



For-“natural-SUSY,”-however,-both-(stop_L,-stop_R)-and-sbokom_L-cannot-be-

too-heavy!-

-

•  If-we-make-stop1-“stealth,”-then-stop2-and-sbokom1-may-be-accessible.-

•  Typical-stop2-and-sbokom1-search-channels-are:-
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•  Typical-stop2-and-sbokom1-search-channels-are:-

It’s-useful-to-recall-that-SUSY--

searches-all-adopt-the-“Simplified-

Model”-approach,-with-100%-BR!-



For-light-(stop1,-stop2)-and-sbokom1,-with-a-stealth-stop1,-there-could-be-

two-types-of-spectra:-

-

•  Type-A:-charginos-and-NLSP-are-heavier-than-stop2-and-decouple.-LSP-is-
BinoLlike.-

-
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For-light-(stop1,-stop2)-and-sbokom1,-with-a-stealth-stop1,-there-could-be-

two-types-of-spectra:-

-

•  Type-A:-charginos-and-NLSP-are-heavier-than-stop2-and-decouple.-LSP-is-
BinoLlike.-

-

•  Type-B:-charginos-and-NLSP-are-lighter-than-stop2-and-appear-in-the-decay-
chain.-LSP-can-be-either-WinoL-or-HiggsinoLlike."

H.LC.-Cheng,-L.-Li-and-Q.-Qin:-1607.06547-



Two-out-of-nine-(9!)-benchmarks-in-1607.06547:-



Two-out-of-nine-(9!)-benchmarks-in-1607.06547:-

The-BR’s-into-typical-search--

channels-are-very-small!-



ATLAS-does-have-a-result-on-stop2-!-stop1-+-Z,-stop1-!-top-+-LSP,-but-the-

limit-is-not-strong:--
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The-decay-phenomenology-is-quite-rich-and-interes;ng.-

Slides-from-HsinLChia-Cheng-



The-decay-phenomenology-is-quite-rich-and-interes;ng.-

Both-benchmarks-contribute-to-the-mul;lepton-+-bLjets-+MET-excess.-

Slides-from-HsinLChia-Cheng-



If-the-mul;lepton-excess-is-real,-we-should-

-

•  Start-seeing-“something”-in-dedicated-SS2L-sbokom-searches-very"soon:"



If-the-mul;lepton-excess-is-real,-we-should-

-

•  Start-seeing-“something”-in-dedicated-SS2L-sbokom-searches-very"soon:"

ATLAS@ICHEP-is-just-star;ng--

to-be-sensi;ve-to-a-550-GeV--

sbokom-decaying-to-a-260-

GeV-LSP!-



If-the-mul;lepton-excess-is-real,-we-should-

-

•  Start-seeing-“something”-in-dedicated-SS2L-sbokom-searches-very"soon:"

ATLAS@ICHEP-is-just-star;ng--

to-be-sensi;ve-to-a-550-GeV--

sbokom-decaying-to-a-260-

GeV-LSP!-

However,-our-benchmark-has-

-

M_chargino-–-M_LSP-=-80-GeV-

-

As-a-result-the-acceptance-will-

be-smaller-and-bound-be--

weaker!-



If-the-mul;lepton-excess-is-real,-we-should-

-

•  Observe-correlated-ac;vi;es-in-1L+jets+MET-and-mul;Ljet-hadronic-

channels:"
By-Brian-Petersen-at-KITP-LHC-Workshop-
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It’s-also-interes;ng-to-ask-whether-a-fermionic-“top-partner”-could-explain-

the-excess.-

-

•  At-the-same-mass,-fermions-have-a-larger-crossLsec;on-than-scalars:-

C.LR.-Chen,-H.LC.-Cheng-and-IL:-1511.01452-



It’s-also-interes;ng-to-ask-whether-a-fermionic-“top-partner”-could-explain-

the-excess.-

-

•  The-signal-strengths-for-the-bLprime-benchmark-at-8-and-13-TeV-are-

------

µ(8 TeV) = 2.0

µ(13 TeV) = 3.2

µATLAS(13TeV)  4.9

µCMS(13TeV)  3.9

C.LR.-Chen,-H.LC.-Cheng-and-IL:-1511.01452-



It’s-also-interes;ng-to-ask-whether-a-fermionic-“top-partner”-could-explain-

the-excess.-

-

•  As-a-result,-fermionic-benchmarks-generically-have-more-energe;c-spectra-

and,-therefore,-larger-acceptances:-

C.LR.-Chen,-H.LC.-Cheng-and-IL:-1511.01452-



Remark:-

-

•  Stay-tuned-for-the-mul;lepton-kH-analyses-in-the-near-future.-

•  Watch-out-for-correlated,-if-any,-ac;vi;es-in-hadronic-

searches.-

•  Need-a-way-(for-theorists)-to-crossLcheck-if-a-par;cular-
benchmark-is-excluded-by-inclusive-searches.-


