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What is this talk about

Subject of this talk:

[very] Low cross
sections

Clear Signatures

Nothing observed up to

~1.3 TeV masses for gluino
LPCC SUSY 6. WG and ~900GeV for squarks
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electroweak production of charginos, neutralinos,
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Higgs bosons in pp collisions at 8 TeV

* Phys. Rev. D 90 (2014) 092007 : Searches for
electroweak neutralino and chargino production in
channels with Higgs, Z, and W bosons in pp
collisions at 8 TeV

« CMS-SUS-14-005 : Search for electroweak SUSY
production in VBF production
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Early Summary

* Eur. Phys. J. C 74 (2014) 3036

%g’ﬁ production
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Early Summary

* Eur. Phys. J. C74 (2014) 3036
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XZZT production

Early Summary
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Early Summary

* Eur. Phys. J. C74 (2014) 3036

%25{? production
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* Event Selection

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

- b-veto, moderate MET cut
* M, :Kinematic Reconstruction

- Separate WW backgrounds

- Fitted using data driven
templates and MC

- Data agrees well with prediction
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%g’ﬁ production
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* Event Selection

- Z - |l candidate

- MET > 80 GeV

- 2Jets with Mjj ~ W/Z mass
- b-veto (to supress ttbar)

* Backgrounds

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

- ttbar : estimated using e/mu control
sample

 Categorizing events based on the Il 12
inv.mass , MET and transverse mass
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Early Summary

* Eur. Phys. J. C74 (2014) 3036
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Leptonic decay of W
iggs decay :
* bb, W(Inu)W(jj), WW/tautau/ZZ

Decay to Gamma is studied in (Phys. Rev. D 90 (2014) 092007)

1Lepton, SS Leptons, > 2 leptons
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ﬁ i F — total L%
TR T — W(iv)H(bb) 17
m 8 — W@v)HWW)3 5
7S i — W(v)H(E) N
—W(@)HZ2) 13

A
o
o
o

1h ol 140
L
o

o

13

LR
o

E 8 TeV NLO
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Vector Boson Fusion production

Will be published soon (CMS-SUS-14-005)
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Searches via VBF process with =2 2 leptons

8 channels are studied:;
e, MWJJ, UThjj, heh]j

(opposite sign and same sign leptons).

Vector Boson Fusion Selection :

e =2 jets with p T > 30 GeV “Loose” ( or 50 GeV
“Tight”) with |n| < 5.0

* |An(,j)[>4.2,n1"n2 <0

* m(jj) > 250 GeV (shape based analysis)

Helps a lot in reducing SM backgrounds (1%-
0.01%)

Central Selection :
Single Muon trigger and di-tau triggers are used

2 isolated leptons with |n| < 2.1, dR(I1,I12) > 0.3

« MET > 75 GeV ( > 30 for di hadronic tau
channel)

* No b-jets

15




Searches via VBF process with =2 2 leptons

Event yields in OS and SS selections

Process [ piptjj | et [ Wi | il
DY +jets | 43+17 | 37475 | 199+29 | 123+44
Wtjets | <001 | 42452 |17.34+30 | 20+17
VvV 28+05 |3.1+£0.7 | 29+05 | 05+02
t 240+17 | 19.0433 | 11.7+£2.8 -
QCD - - - 63+18
Higgs 1.0+£01 | 1.1+05 - 1.140.1
VBF Z - - - 0.7 +£0.2
Total 322424 | 311438 | 51.8+5.1 | 2294511
Observed 31 22 41 31

Process i et T Ty )]
DY + jets < 0.01 0ty | 05402 < 0.01
W+jets | 01+£82x107%| 0439 | 93+23 0.5+0.1
\aY% 21403 19404 | 1.14£02 | 0.14+6.5x 1072
t 3.140.1 35407 | 67+28 | 01+12x1072
Single top - - - <01
QCD - - - 7.6+09
Higgs - - - <0.01
Total 54403 54433 | 17.6£3.8 8.4+09
Observed 1 5 14 9
108 CMS Preliminary 19.7 fb"! (8 TeV)
> U F e E
o 10 o
re) +jets B
4V -104 acb UM, ef, PT, Ty Ty =
P i
-.GE.) 1 03 Others _g
> PP = 7 . .
L .1 02 (mi:_mﬁ =200 GeV, mf‘ =195 GeV, mi? =0 GeV) 5
e
. e
1 v
10" 3
102 E
1 0'3 1 J 1 1 1 1 I 1 1 1 1 I 1 1 1 1 { 1 1 1 1
500 1000 1500 2000 2500
§ 25F 3
L 2F
: ; Z%é Wﬁf/ﬂ/ﬁ%mf%f/
S 500 1000 1500 2000 2500 16

m(jj) [GeV]




Searches via VBF process with =2 2 leptons

Event yields in OS and SS selections

Process [ piptjj | et [ Wi | il
DY +jets | 43+17 | 37475 | 199+29 | 123+44
Wtjets | <001 | 42452 |17.34+30 | 20+17
VvV 28+05 |3.1+£0.7 | 29+05 | 05+02
t 240+17 | 19.0433 | 11.7+£2.8 -
QCD - - - 63+18
Higgs 1.0+£01 | 1.1+05 - 1.140.1
VBF Z - - - 0.7 +£0.2
Total 322424 | 311438 | 51.8+5.1 | 2294511
Observed 31 22 41 31

Backgrounds are :
ttbar , V+jets, QCD multijets and VV

BG in Signal Region are estimated from data using :

NData

NS (central) - SFEX!

central

EVBF(m}])

Process i et T Ty )]
DY + jets < 0.01 0ty | 05402 < 0.01
W+jets | 01+£82x107%| 0439 | 93+23 0.5+0.1
\aY% 21403 19404 | 1.14£02 | 0.14+6.5x 1072
t 3.140.1 35407 | 67+28 | 01+12x1072
Single top - - - <01
QCD - - - 7.6+09
Higgs - - - <0.01
Total 54403 54433 | 17.6£3.8 8.4+09
Observed 1 5 14 9
CMS Preliminary 19.7 fb"! (8 TeV)
= O F e T S
) DY-+jets —-
8 Wet: 3
[§\ aco M, el T, TyTy -
P i
§ K?;hirsﬁﬂ ?
L (m7“=mi==200 Ge\w‘.mf =195 GeV, m , = 0 GeV) -
| ' " 3
g B ST
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500 1 000 1 500 2000 2500
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Searches via VBF process with =2 2 leptons

Event yields in OS and SS selections

P E, T 7 e TETi Process T e uji | T i T T ]
1ocess el 2] { * i it ] DY + jets < 0.01 017 | 05+02 <001

DY +jets | 43£17 | 37+ | 199+£29 | 123+ 44 Wojets | 014+82x10%| 0430 | 93423 0.5+0.1

W +jets <001 | 42453 | 173430 | 20+17 vV 21403 | 19494 | 11402 | 01465 x 102

A% 28405 |31+07 | 29+05 | 05402 ||| 31401 | 35459 | 67428 | 0.1412x1072
I 23 Single top - - - <01

t 240+1.7 | 19.0+5; | 11.7+2.8 - oCDh _ _ _ 76409

QCD = - - 6.3+18 Higgs - - - < 0.01

Higgs 1.0=01 | 1105 - 1.1+0.1 Total 54+0.3 54+ | 176 £3.8 84=+09

VBE Z _ _ — 0.74+02 Observed 4 5 14 9

Total 322424 | 311459 | 51.8+5.1 | 22.9+5.1

Observed 31 22 41 31

Backgrounds are :
ttbar , V+jets, QCD multijets and VV

BG in Signal Region are estimated from data using :

without VBF selection

/\
Np&™ £ Ni¢ (central) ) SF a1} €vae (m57)

N : Predicted rate in simulation

E : VBF efficiency as a function of

mjj, from data
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VBF Result interpretation

Scenario 1 |
m(t)=5I m(icf)+5m(5ff)

A

~+ ~0
Xlslz

o [fb]

Scenario 2

[m(;z;)-m(i)=scev]
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Neutralino-Neutralino

Phys. Rev. D 90 (2014) 092007
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Neutralino-Neutralino
decay modes

* Gamma-gamma, Jj
* Gamma-gamma, |l
* b-bbar + leptons

b * 4 b-jets
o o N * Gamma-gamma, bb
e - » Gamma-gamma + at
least one | N
SR . one lepto

N 21



Events / 10 GeV

CMS L=19.31b"

{s=8TeV

Neutralino-Neutralino

H+H+MET (4b)

---------

_'_|

® Data

o Mo = 250 Ge\

—Mm= 400 GeV |

|

20 40 60 80 100 120 140 160 180 200

(mbE) (GeV)

e Event Selection

- 4/5 Jets, at least 3 b's
- Moderate MET cut

— Cut on Dphi of MET and Jets
to eliminate QCD and ttbar

 HH Reconstruction
- ‘Amjj_‘_ = ‘mjj,l — mjj,z‘ IS
minimized
— |Am;| < 20 GeV
~ 100 < (m;;) < 140GeV
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CMS, /! Neutralino-Neutralino

CMS Simulation, s =8 TeV

H+H+MET (4b)

* Background estimation

\Amjj\ (GeV
Amy| (GeV)

60F 8 60F

- <mjj> and |Am;;| are used to ; o |
derine signal and background SR e | GEEE

0 200 2
(mﬂ) (GeV) <ij-> (GeV)

-
re IO n S CMS Simulation, s =8 TeV CMS Simulation, |s = 8 TeV
120 120~
[ r al

R B
tt (4b sample) {

\Amﬁ\ (GeV)
Amy| (GeV)

8of

- #Signal and background for e
different #b's are illustrated F:

- #background can be estimated e
USIﬂg an ABCD mEthOd CMS“' L=193f"  (s=8TeV

.0
T 06
p L O 2bSMsimulation ® 2D data
(%)) | O 3bSMsimulation M 3b data
[ ] Res u I tS 8 | A 4bSMsimulation A 4b data |
a sz Fitresults 1o,

0.4

- Binning vs. MET

| 7
T . . 2 D j; e /f
- No sign of new physics is T ! ﬁﬁ%% 1,
O bse rved Suerbin 1 Syerbin2 Sy bin3  Sy; bin 4
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102

Neutralino-Neutralino

H+H+MET (4b)

CMS L=195f" Vs=8TeV
B |rni:=mif=[rr|5,c.:; mél=1 GeV | |Indi‘uridu:all expected[ !
= —z3 —--bElIaB _g
...... Famemimn S
- ~——— e I

I 1
___________

1 1 1 1 1 1 1 1 I 1 L L L I 1 1 1 1 | 1 L L 1 | 1 1 L 1
200 250 300 350 400 450 500
Higgsino mass m  (GeV)
X

* 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
- VBF

* The results are interpreted in various simplified
models spectra

* No sign of new physics is observed
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