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Subject of this talk:

[very] Low cross
sections

Clear Signatures
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 CMS-SUS-13-006 : Search for electroweak
production of charginos, neutralinos, and sleptons
using /eptonic final states in pp collisions at 8 TeV

* CMS-SUS-13-017 : Search for electroweak
production of charginos and neutralinos in final
states with a Higgs boson in pp collisions at 8 TeV

« CMS-SUS-13-022 : Search for electroweak
production of higgsinos in channels with two Higgs

bosons decaying to b guarks in pp collisions at 8
TeV




Chargino-Neutralino production



CMS /! Chargino-Neutralino

decay modes
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Chargino Mass = Neutfralino Mass v
Slepton mass = LSP Mass + K( Chargino Mass — LSP Mass)
Signature : 3 Leptons (2 SS Leptons) + MET .

Leptonlc decay of Z
Leptonic and Hadrnoic decays of W

3Leptons / 2Leptons & 2Jets + MET
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rd
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Leptonic decay of W

Higgs decay :
* bb, W(Inu)W(jj), WW/tautau/ZZ

1Lepton, SS Leptons, > 2 leptons



CMS /| Chargino-Neutralino
3Leptons + MET

* Selection x X'E//EX P X"/ﬁ 2
- Exactly 3 leptons, up to one hadronic tau 7 G 7 XﬁQ\ v
- MET > 50 GeV (Suppress Z+Jets) f
- b-veto (Suppress ttbar)

= 260 —
= ' va etefe
- Classify events based on lepton flavours, & ok 'l
M(Il), Transverse mass, MET =7 ﬁﬁ;
+ Main Backgrounds o .
- WZ : MC (with data-driven MET correction) 100 s .
- ttbar+fake : data-driven fake rate method 50| .
E. Y. iv ....|.i..|...|..._
Lepton Falvour Categories O0 20 40 60 80 100 120 140 I1\/?0 1(%0 600
. e
» 3I, OSSF Pair o (BeH]
 3l, No OSSF Pair
* SS 2| + one hadronic tau 7

« OS 2| + one hadronic tau



CMS Chargino-Neutralino

3Leptons + MET : Limits

Compact Muon Solenoid

Data consistent with BKG over range of kinematic regions and lepton categories :
“flavor-democratic” (32) “tau-enriched” (22+t) “tau-dgminated” (31)
light (2,,7,) light 8-, small tan B light 2-, high tan B
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CMS

Compact Muon Solenoid

Event Selection:

« Exactly two high Pt SS e/mu leptons

« 2 Signal Regions :

* 120 <MET < 200, At most 2 jets, No b-jets _ ——

« MET > 200 GeV

- -

compressed — low p; leptons

Chargino-Neutralino

SS Dilepton + MET

CMS Preliminary uweelen  Vs=8TeV,L =195f"

25—
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CMS /! Chargino-Neutralino

Z+W+MET

 Event Selection 7

- Z - |l candidate

- MET > 80 GeV y x? _____ X3
- 2Jets with Mjj ~ W/Z mass :?7\

- b-veto (to supress ttbar)
* Backgrounds

- Z+Jets : Fake MET is modeled
using photon+jets events

- ttbar : estimated using e/mu :
control sample

ratio
(8]
1 |

entries / 10 GeV

0 50 100 150 200 25010

 No excess is observed 7™ [GeV]



CMS

Compact Muon Solenoid

CMS Preliminary

Chargino-Neutralino

Z+W+MET : Limits
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CMS, /! Chargino-Neutralino

H+W+MET
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CMS, /! Chargino-Neutralino

H+W+MET
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CMS, /! Chargino-Neutralino

H+W+MET

H—=W(2v)W(jj)
| e | 102 §I I | 1 1 | | | | |
'.é — total : % R Xy - _ 20
L 10k — W(v)H(bb) =
m g — W(V)HWW) ] 5 L
= 18 A G W G
1T \\

W—Q0v
1000
=100 ¢ 10
1, * SS2¢
L 8 TeV NLO i
10-4II|IIII|IIIIIIIIIIIIII|IIII|
150 200 250 300 350 400
mx? = mxg [GeV] 3



CMS Chargino-Neutralino
H+W+MET
H—=WW/tt/ZZ
31025"""""|'|"|zm\
Q — total _5 P, 2. B = S 0
L 10k — W(iv)H(bb) |3 1
m Tk — W(HWW) ] 5 .
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= i W—Qv
s 12 exclusive:
. | combine to
SS 20 Improve
Al e b b e = itivit
10" 50 500 250 300 350 400 =30 | sensitivity
mxf = mxg [GeV] reinterpretation of SUS-13-002 4

inclusive multilepton SUSY search
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‘ 1 lepton + bb

* Selection

— Exactly on high pt lepton
- Exactly 2 jets, both b-tagged
— Cuts on MET and MT

* Backgrounds from MC

- Search for a peak in M_

— No evidence for a peak is
found

Chargino-Neutralino

H+W+MET

E C_MS Preli@inaw 1 I 2! top .
- qs=BTeV,JLdt=19.5 fb B 1itop ]

rTrTrr1rT 1T TTTT ]
—&— Data —

E7"** > 100 GeV B vz 105

[ w+bb E

I w+light jets
[ ] Rare

Total Uncertainty _

%7, Wz (i) (2001)
[, — (W )(HZ)) (25011) —
[ (Wi (H)) (3001) ]

50 100 150 200 250 300 350 400 450 300
M, [GeV]
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CMS, /! Chargino-Neutralino

H+W+MET

SS Dileptons + Jets + MET ) fana
. \ 70 H e~ Wi ]

e Selection o ...-c_._______ja)

- Exactly two SS e/mu / P X

W
- 2/3 Jets, b-veto 3 F oarany | o
- Moderate MET I S — vl
] E 145_ signal ECh rge Flips e

* Data-driven fake lepton afregion AR

estimate (signal x5)
 Prompt SS 2I bkg from MC
¢ SearCh for d bump In Ml]] o 300400 500 600700

M, [GeV]

- No evidence for a peak is found 17



CMS, Chargino-Neutralino

H+W+MET

- Compact Muon Solenoid

* 1llepton : best at large chargino mass

- SS 2| and >2| contributes at low chargino mass CMS Preliminary \'s = 8 TeV, IL di =19.5 fb”
— 1 0 P T | T T 1 | I I | | T 1 I I | 1 I T 1 ‘ I T I :l:
1 . O E 7
« Combined 3 chanljels : = | Vv S
probe up to chargino mass ~ 200 GeV o I = combined abserved 1
- amm combined expected -
4 —— Theoretical o ,
10 £ — 1L expected E
Eftic. - - 8S 2L expected _
CMS Preliminary \s=8TeV,-Ldt=19.51b" P e ‘ SRS X e 231 eXpected ]
Ly L L A S S B B VA B S R S S B BN L =" LN TN emmmmmmmma oL ]
% 140F = (Wx°)(HX'), combined E ‘é ----------
% 120 :_ Q\;’ ')EX_ expﬁcteci(bS/ CLs Limits _: g 1 03 =3
Eraé_ - e ”*j?' observed 95% CLs Limits S0 - Ty
100 N o expociediio O 431 8 [ |
80 = ” i
n - 10°F =
60— _ - excluded
40:_ T | ' 11 | 1 | | | 1 | 11 | | | | | 11 ‘ | L1 |
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20F — M. =M, (GeV

. .
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M. = M, [GeV]
2

1
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SUMMARY

CMS Preliminary Ns=8TeV,L =195fb"

observed CL limits (95% CL)
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Chargino-Chargino &
Slepton-SlLepton



CMS, Chargino-Chargino &

Slepton-SlLepton

Signature : 2 OS leptons + MET

21



CMS

CMS Preliminary /s =8 TeV, Ljy = 19.5fb7!

Chargino-Chargino & Slepton-SlLepton

Selection

_* Event Selection

JEEDEnN--
YENEEF T
o

2B
*

on-prompt —

2 5 2
=

- 2 high Pt OS e/mu leptons with
/-veto

- b-veto, moderate MET cut

- « M_:Kinematic Reconstruction

- Separate WW backgrounds

- Fitted using data driven

templates and MC
- Data agrees well with prediction

22



CMS |  Chargino-Chargino & Slepton-SLepton
Use ee+HM and ep lepton pairs Use ee+l lepton pairs only
/ /
v B /
P, LS A P, ZRTSELEEE T %
e e b T Xi
P )?JF ...’..<F P, i --._\—-—" X1
v /
CMS Preliminary Lint =195 fb'1, \s=8TeV CMS Preliminary I_int =195 fb’1, \s =8TeV
ey 500_'"'|'+"_'|""|""|""|""|"___1023 e B L L B B BN BLELELELE LU RN B = 10?
= - %7, 95% C.L. CLs NLO Exclusions 7 7 = = 300F pp—z e, ji ji  95%C.L CLsNLO Exclusions 7
() i —_— 1 3 5 O - ROV 1 3
(5 400__ .ZT_”?VP"TJF _Observedﬂcmmy 1 - § (D - =Observedi10mwy 1=
~— [ P50 g y® == - Expected+io, .. . 1 7 g ~ 250:_ Br(fl_—>1')z{11) =1 -.. Expected+io, . .. 4 7
s [ AR . 8 3.5  F 1 -
£ 3s0f i = S 200 = - =
N probe upto 1 |, s o flowest g Sparticle — 1 110
7 | : = -
20 o iy “"?50 GeVi 1 & ' probesup to my ~ 280 GeVt
[ . ks 1 ) 100 | T = A
B i &= = - 1 |
100 = ; = . ]
: ; 1] © * =
000 200 500 400 500 600 Foo 1 3 Qo0 180" 500 580 300 850 400 4s0 1
2

m?=m\7=0.5m?+0.5m?ﬂ, ({ =e,u,1) m%i (GeV) mfz (GeV)

95% C.L. upper limit on cross section (fb)
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Neutralino-Neutralino
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CMS Neutralino-Neutralino
| decay modes

» R-parity-conserving gauge-mediated SUSY-breaking (GMSB) models are
considered

e Gravitino is a nearly massless LSP
. XO1 , and Xioare approximately mass-degenerate

. XO2 / Xio—> XO1 + low pt standard model particle

Z
;gj______‘fff___ & *4leptons

* 3 leptons
i "'i{;:— “ 2 leptons + 2 jets
Z

. « 4 bjets ; v N
T T G < Higgs decays to gauge
~ bosons (photon. W. Z) :

[ G
X1
T_}\ under study

25




CMS

\32

Neutralino-Neutralino

Z+Z+MET

e Event Selection

G
- 4 |leptons (up to one hadronic
/ ﬁ{\':\" - G taU)
P .
- Classify events by #OSSF
) | Qbsery <3 Toul Brg pairs, #hadronic taus, MET
0-30 1 2.3+ 0.6 .
30-50 3 12403 * Main Background
50-100 2 1.5+ 04
e e - ZZ : estimated from MC, with
0-30 33 25+ 12 - I I
o0 B Bl data-driven MET corrections
50-100 9 93+1.9
~ 100 2 29+ 0.6 e Results
20SSE 0 1
- vl e - No sign of new physics
50-100 4 45+27
> 100 1 0.8+ 0.3 26




CMS

ct Muon Solenoid

Compa

Neutralino-Neutralino

Z+Z+MET (Results)

low CMS Preliminary Vs=8TeV, L =195 b’
pT ~ L h 10 _ int
leptons / —— 751 X1 7(2 (higgsino) ) =B ! ! ! ' !
K o 95% C.L. CLs Limits
quarks m— Ohserved 212/ + 41 + 3/
g ------- expected median+ 1o
7 o) =% U LT observed 2/2j
= === observed 4/ + 3/
TG ravitino) £ F oMlo -
8 " = PRD 62 (2000) 077702 1
) B JHEP 05 (2010) 105 7]
P % [ N arXiv:1103.6083 ]
2 ) | ) Ty
2. '-" — _I =
']. . - O T I L
Lot o 107 NN
) a\" ~ miss tree e
i 0 F GMSB ZZ+EMs TN
., .. (8)] = tanﬁ =2
P Xi — B i M1 ) M2 =I1|-|-Ie§{! 1 l 1 1 1 1 I 1 1 1 1 l 11
1

QQ )

P I |
150 200 250 300 350 400
higgsino parameter 1 [GeV]

and combination

+ Results based on Z(22)V(jj) , 32
— Combination of complementary channels — exclude p 110-330 GeV
25




CMS/ Neutralino-Neutralino .

HeH+MET (4b) &

3 ‘ﬂf  Event Selection
X1 _ ~
S ¢ '
o - 4/5 Jets, atleast 3 b's
PP G
X - Moderate MET cut
W _
— Cut on Dphi of MET and Jets
_ SuoPelmnayLo109mn beTY to eliminate QCD and ttbar
S 12F = _
: 0" ==  * HH Reconstruction
g = |Amg] = [ — ol is
i " minimized
4_ - =
) : — |Amjj| <20GeV
%20 40 60 80 100 120 140 160 180 200 - 100 < <”’Ijj> < 140GeV

(m) (GeV)
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CMS, /! Neutralino-Neutralino -

HeH+MET (4b) N

CMS Simulation, s =8 TeV

\Amjj\ (GeV
Amy| (GeV)

* Background estimation

60F 8 60F

<mj> and |Am;j;| are used to ; { -« |
derine signal and background e GHES

(mﬂ) (GeV) <ij-> (GeV)

re Ions CMS Simulation, (s = 8 TeV CMs Simulation, |‘§=8Tev
1207 120
r r sa

tt (4b sample)

\Amﬁ\ (GeV)
Amy| (GeV)

8of

- #Signal and background for £ .
different #b's are illustrated .

. R 5,;:;;:,::5".
- #background can be estimated M o R B R A
US“’]g an ABCD methOd CMSPrellmlnaryL 19.3fb™, (s =8 TeV

c
2 - 4p sample —___ Signal,m_, 2506 eV -
= __ Signa Im = 400 GeV |
* Results T —e— Data :
g 8 == Background estimate —|
o T i

- Binning vs. MET

29

- No sign of new physics is
ObserVEd ° Syer bin 1 SMEleinz Syer biN3 S, bin4




Neutralino-Neutralino

H+H+MET (4b)

CMS

Compact Muon Solenoid

\\E\«

CMS Preliminary, L =19.3 fb'1, Is =8 TeV

=) 105' L R -
2 -
o : - Observed data -
&S @209 o Expected + 16, ]
. EE= Expected + 2 o,
= . —— Theory prediction =
A ——- Theory uncertainty =
10 =
107 m?z zm;: :m?’ M sp
=TI R R R S B R
200 250 300 350 400 450 500

Higgsino mass m _ (GeV)
X

1

* For higgsino masses between ~ 270 and 350 GeV, the expected cross section upper limits reach
the level of the expected production cross section.

* Because of a slight excess in the observed number of events compared to the estimated
background, we are unable to exclude the signal model for any value of higgsino mass.
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Summary and Conclusion

* A wide range of searches for electroweak SUSY
production is performed with full 8 TeV dataset

» Different decay scenarios are considered :
- 1,2,3,4 leptons
- 2leptons + 2jets

- 4b

* The results are interpreted in various simplified
models spectra

* No sign of new physics is observed

31
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