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Supersymmetry (SUSY)
still deserves to be studied

LHC mainly probed colored production
of SUSY particles

Study of the electroweak production can lead to
suggesting new searches at the LHC
and improving stau mass bounds

A multilepton CMS search
shows a possible excess



The CMS result

Can we explain this with SUSY?
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CMS SUS 13-002 searches for
three or more leptons

In categories divided according to

Number of leptons (= electrons or muons)
Opposite sign same flavor pairs (OSSF)
Number of hadronic taus

Hadronic activity (= Hr)

Number of b-jets



CMS observes more events
than expected

Selection Eros N(Th)=1, Np—ijets=0
4 Lepton Results obs exp
OSSF1 Hy < 200 off-Z  (100,00) 3 0.6 £+ 0.24
OSSF1 Hy < 200 off-Z  (50,100) 4 2.14+05
OSSF1 Hr < 200 off-Z (0,50) 15 754+ 2
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CMS observes more events
than expected

4 leptons
\Selection Eros N(Th)=1, Np—jets=0
4 Lepton Results> obs exp

OSSF1 Hy < 200 off-Z  (100,00) 3 0.6 +0.24
OSSF1 Hy < 200 off-Z  (50,100) 4 21345

OSSF1 Hy < 200 off-Z  (0,50) 15 75+ 2




CMS observes more events

than expected

4 leptons
,, Selection Equss N(Th)=1, Np—jets=0
L/Q: pton Results> L obs exp
/OSSFI\H7 < 200 /off-Z \ (100,00) | 3 0.6+ 0.24
- OSSF1 Hr < 200 | (50,100) 4 2.1 05
(0,50) 15 BB

\ OSSFI/Hr < 200

One off-Z opposite
sign same flavor pair




CMS observes more events
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4 leptons
,, Selection Equss N(mh)=1) Np—_jets=0
L/Q: pton Results> L obs exp
/OSSFI\H7 < 200 /off-Z \ (100,00) | 3 0.6+ 0.24
- OSSF1 Hr < 200 | (50,100) 4 2.1 05
(0,50) 15 BB

\ OSSFI/Hr < 200

One off-Z opposite
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CMS observes more events
than expected

4 |leptons One hadronic tau

\

\

Selection E,?liss
4 eton ,4 ult:,

7OSSFIVA < 200 /off-Z \ (100,) | 3  06+024
| OSSF1Hy < 200)( off-Z | (50,000) | 4  21+05

\ OSSF1Mdr < 200/ \off-Z / (050) | 15 7542

N > R\ .
T : — o

One off-Z opposite Low hadronic activity
sign same flavor pair



CMS observes more events
than expected No b-jets

) A
4 leptons One hadronic tau

\

\

Selection E,?liss
4 eton ,4 ult:,

7OSSFIVA < 200 /off-Z \ (100,) | 3  06+024
| OSSF1Hy < 200)( off-Z | (50,000) | 4  21+05

\ OSSF1Mdr < 200/ \off-Z / (050) | 15 7542
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One off-Z opposite Low hadronic activity
sign same flavor pair



CMS observes more events
than expected

Selection
4 Lepton Results

Ess N(Th)=1, Np—_jets=0

OSSF1 Hy < 200
OSSF1 Hr < 200

OSSF1 Hy < 200

off-Z  (100,00)
off-Z  (50,100)
off-Z  (0,50)

22 events
observed expected

Close to discovery?



Excess in 3 out of
64 categories

vy

e

Selection E?m‘ N(Th)=0, Nb—jetszo N(Th)=11 Nb—jeb‘ezo N(Th)=0, Nb—jemzl N(Th)=1l Nb—jetszl
4 Lepton Results obs exp obs exp obs exp obs exp
OSSFOHr <200 NA  (100,00) 0 011+008 | 0 0.17 = 0.1 0 0.03 + 0.04 0 0.04 £+ 0.04
OSSFOHr <200 NA  (50,100) 0 001 +003 | 2 0.7 £0.33 0 0+ 0.02 0 0.28 +0.16
OSSFO Hr <200 NA (0,50) 0 001+002 | 1 0.7 +0.3 0 0.001+002 | 0 0.13 = 0.08
| OSSF1 Hr <200 off-Z  (100,0) || 0 0.06 +0.04 || 3 06+024 || 0 0.02 + 0.04 0 0.32 0.2
OSSF1 Hy <200  on-Z  (100,00) 1 0.5 +0.18 2 25+ 0.5 1 0.38 = 0.2 0 0.21 £ 0.1
OSSF1 Hr <200 off-Z  (50,100) 0 0.18 £ 0.06 || 4 21+05 || © 0.16 + 0.08 1 0.45 +0.24
OSSF1 Hr <200 on-Z (50,100) 2 1.2 +0.34 9 9.6 +1.6 2 042 +0.23 0 0.5 +0.16
[OSSF1 Hr <200 off-Z  (0,50) || 2 046 +0.18 |15 75+2 || 0 0.09 £ 0.06 0 0.7 + 0.31
OSSF1 Hy <200 on-Z  (0,50) E 3+08 41 40 £+ 10 1 0.31 £0.15 2 15+ 047
OSSF2 Hy <200 off-Z  (100,00) 0 0.04 + 0.03 - - 0 0.05 + 0.04 - -
OSSF2 Hy <200 on-Z (100,) 0 0.34 +£0.15 - - 0 0.46 +0.25 - -
OSSF2 Hy <200 off-Z  (50,100) 2 0.18 +0.13 - . 0 0.02 + 0.03 - -
OSSF2 Hr <200 on-Z (50,100) B 39425 - - 0 0.5 +0.21 - -
OSSF2 Hy <200 off-Z  (0,50) 7 89 +24 - - 1 0.23 £ 0.09 - -
OSSF2Hy <200 on-Z  (0,50) | *156 159 + 34 - . 4 29+ 0.8 - -

... look elsewhere effect?



No real reason to be excited

Slide from presentation by Andrea Gozzelino (CMS)
at the conference “SUSY 2013”, August 26

e - T : Gy )
!CM% ;l Origin & significance of discrepancy £ % wew
) Pl (- me
| CMS-SUS-13-002 | &ims¥ ST
Categorie: CMS Preliminary f5=8TeV, [Ldr=195m"
s E 4lepions: OSSF1, oft-Z. 1-tay, no bijets, low H, 3
4 leptons, OSSF1, off-Z, 2,00 é %ﬁgﬁnmm 4
including 1 T, - 105: . g:,’vz
no b-tags, HT< 200 GeV L :
Observe = 22 events 1
Expected = 10 % 2.4 events 10" j

050  50-100 100-150  150-200 200
ET™ (GeV)

Probability for 1 out of 64 categories to have as large a fluctuation = 50 %
Probability for all bins in 1 out of 64 categories to have as large a fluctuation= 5 %
Given that we search for new physics in 64 different categories of
multi-lepton events, it is not surprising that we find one category with
a large deviation between observed yield and expected SM background.

Trieste, August 26th 2013 Andrea Gozzelino - CMS 13




Still a nice excercise...
Can this be explained in SUSY?

Excess in a category with
3 electrons/muons and | hadronic tau

Inspired by GMSB, we constructed
simplified models contributing
to this excess



Simplified model | Simplified model 2
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o~

B

(r = €R, IR

TR

o~

G

Common in GMSB

>

Simplified model 2

Can be realized when
the soft masses for
both Higgs fields are

allowed to receive
extra, non-gauge
mediated, contributions

[P.Grajek, A.Mariotti, D.Redigolo,
JHEP 1307 (2013) 109]
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Compare with the
CMS results



Simulate the two processes
at LHC 8 TeV

20 + 47 + MET 27 + 40 + MET
FeynRules ‘Christensen,Duhr,Fuks]
MadGraph 5 [Alwall,Herquet,Maltoni,Mattelaer,Stelzer]
Pythia Sjostrand,Mrenna,Skands]
Tauola Jadach,Was,Decker,Kuhn]
Delphes [Ovyn,Rouby,Lemaitre]

MadAnalysis 5

Conte,Fuks,Serret]



Choose the mass ranges
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Obtain the numer of events

3 O O 4 leptons, 1 t,, OSSF1, oft-Z, HT <200 GeV
exp: 10.2+ 2.1 § 'éz CZ
obs: 22 3
_ all ., bins g
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i [ATLAS-CONF-2013-049]
mg_ > 230 GeV [CMS-PAS-SUS- | 3-006]
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Mz, > 87GeV [LEp

4 leptons, 1 t,, OSSF1, oft-Z, HT <200 GeV
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Preferred region:

m; ~ 145GeV |, mz, ~ 90 GeV
R

4 leptons, 1 t,, OSSF1, oft-Z, HT <200 GeV

exp: 10.2+ 2.1

obs: 22
all ¥, bins
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WWhat about the
other categories?

Categories with 3 leptons are irrelevant
since the background is too high

And the others...



Same category but on-Z region

... agrees with our best fit

4 leptons, 1 1., OSSF1, on-Z, HT <200 GeV

3 OO exp: 52.1+ 10.1 CZ
obs: 52 3
all £ bins 8‘
< -
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Category without hadronic tau

... agrees with our best fit

4 leptons, no 1., OSSF1, off-Z, HT <200 GeV,

300 e D (S
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Other searches don’t exclude
our scenario

CMS multi-lepton search CMS SUS-13-010
(requires 4 electrons or muons)

ATLAS multi-lepton search (requires MET>100 GeV)

ATLAS di-tau+MET search (lepton veto)



We suggest to look for
2 hadronic taus + 2/3 leptons

¢+ 19.5fb~* 100 fb~*
\ _ % T N(f) N(Th) Nevents (8 TGV) chcnts(13 TCV)
’ E,E/’ ";¢‘<TT 4 2 22.5 223
- % g 5 0 0.074 0.79
/ i ———<JTi 5 1 (7 14.7
X = 5 2 7.4 76.1
- 6 0 0 0
6 1 0.075 0.66
my, = 145GeV 6 | 2 1.0 7.89
msz, = 90 GeV >6| 0 0.038 13.9
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A more

complete study

IS In progress

Implement and validate all
relevant analyses in MadAnalysis 5:

CMS SUS-
CMS SUS-
CMS SUS-

3-002 [arxiv:1404.5801]: 3 leptons or more
3-010: 4 leptons
3-006 [arxiv:1405.7570]: 2 leptons

ATLAS-CONF 13-036 [arxiv:1405.5086]: 4 leptons or more
ATLAS-CONF 13-049 [arxiv:1403.5294]: 2 opposite sign leptons
ATLAS-CONF 13-028: 2 leptons with hadronic taus

ATLAS [arxiv:1402.7029]: 3 leptons




The bound on the stau mass is

still the limit from LEP!
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Try to improve the bound
on the stau mass

ATLAS search for at least 2 hadronic taus and MET
is not sensitive enough

We will try to reinterpret the dilepton (electron, muon)
searches in terms of stau mass bounds
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CMS observes an excess in a multilepton search
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The CMS result
CMS observes an excess in a multilepton search

Can we explain this with SUSY?
Yes we can!

Future studies



The CMS result
CMS observes an excess in a multilepton search

Can we explain this with SUSY?
Yes we can!

Future studies
Implement all lepton analyses in MAS and

improve the stau mass bound
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