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Introduction

¥ SM explains three types of fundamental interactions!

¥ There is a Higgs boson!

Open Questions: CMS Exotica Searches:
@ Including gravitational force? @ Heavy bosons
@ Unification of forces? @ Extra space dimensions
@® Hierarchy problem? @ Heavy fermions
_ _ @ Black Holes
® Matter-antimatter asymmetry?
_ @ Dark Matter
@® Dark matter and energy? )
@ Leptoquarks

@® Neutrino mixing and masses?

g @ Exited fermions

iqi ions?

@ Origin of generations? S e e
@ 2
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Introduction

¥ SM explains three types of fundamental interactions!

¥ There is a Higgs boson!
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Open Questions: CMS Exotica Searches:

Including gravitational force? @ Heavy bosons

Unification of forces? @ Extra space dimensions
@ Heavy fermions
@ Black Holes

@® Dark Matter

Hierarchy problem?
Matter-antimatter asymmetry?

Dark matter and energy?
@ Leptoquarks

Neutrino mixing and masses? ] )
g @ Exited fermions

iqi ions?
Origin of generations® @ New phenomena

Early Run 2 results @ 13 TeVand Run1 @ 8 TeV
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Search for Dijet Resonances @

I
Experiment at the LHG, CERN i i
: 2015-Oct-12 00:26:27.312886 GMT
\HunlEvmtl : 258749 / 549864773 / | .

Event display highest dijet mass I\/Ijj =6.14 TeV
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Search for Dijet Resonances
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2 2.4 b (13 TeV) Model Final Obs. Mass  Exp. Mass
310 E_t T T 1T | L T 17T T 17T T 17T I T 17T l T T I; Sta_te Limit [TeV] Limit [Tev]
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¢ Expanding dijet analysis by exploiting the

dijet angular distribution: ;
26fb’' (13 TeV)

5 035
oy 1+ |cos0”| .g% 03—t Da CMS
X = m—0 1 — | CoS 9*’ = o25E BSSSSSE NLO QCD+EWK prediction Preliminary
> T E Al (LO) = 10 TeV
(g : < 0 A;(GRW) =9 TeV
¢ Sensitive to many new physics T 0.15F
(approximately flat for QCD, L o 4- e

1 1 1 005 e T T T T TrrrerTe:

deviations at low values for new physics) : -

o _ _ 0.1 42< M; <48 TeV 3

Limits on contact interactions Y o e e e = e =

and Extra Dimensions at 13 TeV: 0 1Ee 36< M, <42 TeV E

Comp051teness model | Observed lower limit (TeV) | Expected lower limit (TeV) o E 30< M, <36 Tev E

ALL 1z (LO) 121 12011 15 E

Apysrg LO) 163 153+24 O-ﬂSE e =

ADD At (GRW) 9.1 9.0+ 0.7 0.1 24< M;<30TeV 3

ADD M (HLZ) ngp =2 97 96+07 _ =

ADD M (HLZ) ngp = 3 108 107 408 - - - - - - - =

ADD M (HLZ) ngp = 4 92 90407 DJE 19 My<2aTey E

ADD Mg (HLZ) ngp =5 8.3 81+06 0.05 E
ADD M (HLZ) ngp = 6 77 76406 2 4 6 & 10 12 14, 18

dijet

Most stringent limits on ADD models
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Search for new Heavy Resonances in Dileptons

& Search for a heavy, narrow resonance
in the dilepton invariant mass spectrum

@ Analysis is sensitive to new heavy resonances - f
e.g. Z' (SSM, String), extra space dimensions
(RS, ADD Graviton) at high mass (low B
background) f
& Reconstruction efficiency and mass resolution
dominates
281" (13 TeV 261" (13 TeV)
>105||| T T LI B B B B |(| ) >105||| T T LI B B B B T T
8 - CMS 2 v Date CMS
S o Preliminary = O vzoee Preliminary
= 10 I tt, tW, WW, WZ, ZZ, 1t € 10 I i, tW, WW, WZ, ZZ, 1t
2 42 [ ] Jets L<I|>JJ 10° & [ Jets
w 10 —— Narrow Z' (Mz' =2TeV) 10 —— Narrow Z (MZ'= 2TeV)
1 1
107! 107" ‘“ﬂ{ +
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Combined Limits @ 8 TeV

20.6 fb' (8 TeV, uu) + 19.7 fo' (8 TeV, ee)
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o(pp—=Z'+X= H4+X)/a(ppaZ+X = H1+X)

CMS-PAS-EXO-12-061, arXiv:1412.6302
. CMS-PAS-EXO-15-009

Combined Limits @ 13 TeV

2.6 1" (13 TeVee) + 2.8 1b™ (13 TeV, up)

%

3

T L DL ™
obs, width = 0%
—— obs, width = 0.6%
obs, width = 3%
------ median, width = 0%
median, width = 0.6%
—————— median, width = 3%
—_— 2oy, (LOx1.3)

Zlpog (LOx1.3)

1[]—?- I T SR S NI T S TR NN SN N SR TR AN SR S SN N AR S S I S S
500 1000 1500 2000 2500 3000 3500
M [GeV]
7 Z
h | P SSM
canne obs (TeV) | expected (TeV) | obs (TeV) | expected (TeV)
e 240 245 2.75 2.95
wtu 2.40 2.55 3.00 3.05
ee+p T 2.60 2.80 315 3.35

Epiphany - CMS Exotica - Suzan Basegmez du Pree




Search for Heavy Resonances with Dimuons

For more info see my PhD Thesis (2015): http://hdl.handle.net/2078.1/165868

Matrix Element Method

Uses the probability that an observed event in the experiment is the result of a given parton-level process,
including the uncertainties on the measurements.

Takes into account
¢ all the information of all measured particles provided in an event

& change in detector resolution - particle by particle

Likelihood function for underlying model parameters (M) Cu) 1 doy ,
taking into account detector setup and event selection L(x|M) = pdf(x|M and x in X") = 7o | d_yE(Y)W (x]y)dy
Signal fraction (background-only toy-experiments) Z-score (20B+5S toy-experiments)
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http://hdl.handle.net/2078.1/165868

Search for Heavy W' with lepton+MET @‘

& Search for a heavy W' resonance (SSM)

decaying to a charged lepton and a neutrino Transverse mass discriminant:

& Analysis is sensitive to new heavy
resonances at the high mass

Mr = /29 (1 - cos{g (7, )]
& Key aspects: lepton energy scale
and resolution

2.2 fb~! (13 TeV)

22" (13 TeV) | l

I CMS | miss
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Search for Heavy W' with lepton+MET @‘

& Search for a heavy W' resonance (SSM)
decaying to a charged lepton and a neutrino

& Analysis is sensitive to new heavy
resonances at the high mass

Transverse mass discriminant:

Mr = /295 B (1 — cos[(7h, 7))

Mass limits improves ~1TeV @ Run2

19.7 b7 (8 TeV)

E 1OBIIIIIII |IIIIIIIIIII||||||||||||I|||| 22fb_1(13TeV)
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Search for Heavy W' with t+b

¢ Search for a heavy W' decayingto
.a tOp an(.j a.bottom quark CMS Prellmlnary, L—2.2 ib at 15—13 Te'i.*r
in leptonic final state T 102[ ]
¢ Analysis is sensitive to = F _ Izzzgm :":W :
new heavy resonances at high mass 8 | —+ 95% CL observed
¢ Db-jet identification ‘% o 95% CL expected =
o - I t1c expected ]
_CMS Preliminary L =221b’, \s=13 Tev TI n 12 expected i
= F T ] T T ] = g e
f i e+lets N tagg=2 ;:ilv(LF]+ZI'1'—>I‘I'|-W i E ; '"""ll"" ;
% 1025_ 5““5"" =:::h:;2'rop _§ o B "I“"I 7]
a F . e Dwemereim X 10k =
. b W ms25TeV x20 . i e E E
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E P — l 10_2 E_e.fl.L+iE15 Nb tags - 1 or 2 _E
1 E & :l L I L L | L L 1 | ] |:
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W' Mass [GeV]
107
2r =
e . Mass limits (2.4TeV observed) already better
| . . than 8TeV

09/01/2016

1000 1500 2000 2500 3000 3500 4000
M(tb)

500

Epiphany - CMS Exotica -

Suzan Basegmez du Pree



Search for Black Holes

¢ Search for semi-classical and quantum

Black Holes in highly energetic, Key discriminant:
high multiplicity decays N

¢ Looking for a broad excess Sp=)_ Er(if >50 GeV)+MET (if >50 GeV)
in the number of object multiplicity (N) ety

and S; shape
¢ Main background is QCD multijet

Event display for a black hole candidate o | A U
10° =CMS Preliminary s=13TeV, ILdt =22fb
N=12,S_=5.48 TeV
T N = 2, Object E_> 50 GeV
—e— Data

-
o
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1T T TTI T
iﬂ J ]
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s Bl V+jets
e B ttbar
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CMS Experiment at LHC, CERN 1 0_2
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Run/Event: 257645 / 1610868539
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Search for Black Holes

. CMS-PAS-EX0-15-007 |
No significant excess is observed in binned N and S_ distributions
221 (13 TeV) 220" (13 TeV)
>104§I T T | -I -I T T | T T T T | T T T T § 3 IIMIII.I LIIII|IIP‘I|IIII|IIII|IIII|II
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1 0° & = b — - Expected Median
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Run 2 mass limits : 8.0 TeV (for QBH) and 8.7 TeV (for semi-classical BH)
Run 1 mass limits : 5.5-6.0 TeV
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Search for Dark Matter

& Search for dark matter with jets . CMS PAS-EX0-12-055 @8TeV

and missing transverse energy (MET) . CMS-PAS-EX0-15-003 @13TeV
& DM pairs produced via mediator
» Run-2: ISR jet CMS Preliminary 2.1 (13 TeV)
» Run-1: ISR jet+V, , (V-tagging) Y U pata
10 mmmas Signal (V, 1TeV)
B Z(vv)
102 Bl W(lv)
. zan

N Top

IIII||.|.|.| IIIIII.IJI |III|L|J.| |III||.|.|.| L1

2
% 10 I Dibosons
(O] [ ]QCD
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o 1F
Lﬁ -
107" E
102
1073 _E
1 .2 _I 1 L 1 : 1 L 1 1 _
O E =
I T | S G — =
u Mediators: % Ogé_ ....................................................................................................................... _é
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@ Atlas/CMS Dark Matter Forum ET"*® [GeV]

arXiv:1507.00966
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Search for Dark Matter @ 8TeV @‘

19.7 " (8 TeV) 19.7 b (8 TeV)
= - = 1000 -
@ - CMS Preliminary ----- Median Expected (u  =1) 5 @ : CMS Preliminary = «-«-- Median Expected (u  =1) 5
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- i i E—— 10"
500 L
10* 10°
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o b 2000 i
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med med
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e = Y 500
= o - = - o
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= L 979, - 9,79,
= 2 a00[
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M essssss g::::::pecbd (p _-II e — ?-‘sen'::unu-mnw
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B ;.n;eusca:uEEpr:ecb":Pgmnn only) 15 300— Olse.nnu (D;:rmm ;‘1‘!1?;-1 '
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Run 1 limits in (m_ ,m__) plane, compare to Direct Detection and Relic
CMS most complementary for Axial and Psuedoscalar mediators
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Run 2 sensitivity comparable to Run 1
(for Vector mediator and Direct Detection interpretation)

2.11b" (13 TeV) 211" (13 TeV)
S B —1 g ch\ 107 E |
@ 1400+ iminapy  Tteeee Median Expected 90% CL o S  _aF imi
o B CM? Pre_I/T/nary e L og c_<|2 S 4oL CM_SPrel_In:/nary
Z C % %" +/- Scale Uncert. o) o = 9T %"
£ 1200— e 8TeV - Median Expected 90% CL —0.8 g 1 0_37 E
[ Vector T D Coerveasonct I o Vector
10001 Planck+WMAP Relic =07 10 E
- —06 107 ",
800 __ B 0 5 1 0_40 ------------- -‘ -------------------------------------
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600¢ 0.4 Observed 90% CL
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02 10 LUX
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CMS contributes at low m_.
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Search for Diboson Resonances

& Search for a resonance (W', Z' or Extra Dimensions) with boosted CMS'PAS'EXO'15'002
dibosons (VV) in semileptonic and fully hadronic final states
& W/Z tagging is a key factor
» V-ets pruned mass reconstruction (65 <m,, <105 GeV )
Boosted
» N-Subjettiness ratio (1,, = 1,/1,) e
& Event categorization: Low-Purity and High-Purity
& WZ WW, ZZ are presented
fully hadronic semi leptonic
w1? 2.6 (13 TeV) «10° ] I 221" (13 TeV)
YTy rTTYTTT T T T Ty Ty T T T T T T i L L T ot =
> - CMS = CMS Data . S | ofcms +CMSE!ata : B wjets '
g 500 '_Pmmm’y—wtﬁm., (2 TeV) — WW (MADGRAPH)) 3 B M 1 W ]
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@ 400w [JacD PYTHIAS - § ~ WPI o1 TeV 550 7]
= » : w 0.8 —
4 - : n .
W 500 - —] 0.6~ ]
= . 0.4f —
200 — - .
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100 — B ]
] 0
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0 B = 2 BN VR S
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1.5 o] S
% ) 1:5-_ (Du 1 B
al= [+ X5 i— : : : 05F
t]. 5iﬂ 1[:10 150 2[il[! 250 300
Pruned mass [GeV] ’ ’ ’ ) 12/’51
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cMs L=19.7" at {5 =8 Tev . CMS-EXO0-13-009, arXiv:1405.3447

" T Cmspameenm ] . CMS-EX0-12-024, arXiv:1405.1994
Background estimation - 1
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s 5 > 5 Run 1 excesses were seen ~1.8 TeV
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Search for Diboson Resonances @ 13 TeV @

2.2-2.6 fb" (13 TeV) 2.2-26 b’ (13 TeV)

10 10
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o/ S Experiment at the LHG, CERN
Jata recorded: 2015-Nov-02 21:34:00.662277 GMT
Run / Event / LS: 260627 / 854678036 / 477
|/
4 ‘

diphoton event display with a mass of 745 GeV
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Search for Diphoton Resonances

. CMS-PAS-EX0-15-004
¢ Search for a bump in the diphoton _ CMS _Prelminary 261" (13TeV)
invariant mass spectrum §1oe . EBEB category
¢ Sensitive to models of flat or warped Extra > F iy
Dimension (Randall-Sundrum and ADD models) & "F | ... o
¢ Two event categories of pairs of photons: ' — Fitmode it H
» barrel-barrel (EBEB), 10 W20

» barrel-endcap (EBEE)

g 7 O S
¢ RS gravitons are considered with three = 2k B
assumptions on effective coupling: I — e
~ T 3x102  4x10? 5x10? 10° 2x10°
k=k/M, =0.01,0.1,0.2 . (GeV)
CMS Preliminary 2.6 fo' (13 TeV)
E 102 o= I EBEE category
Background parametrization: S b et
+b-log(m~~) o Rl
—_— a ° Og m»-y»-y E —Eitmodel RRantdl
f(m’Y’Y) = My 10-1_5-;;

4x10%2  5x10%? 6x10? 10° 2x10°
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Search for Diphoton Resonances

narrow width [ wide width
CMS _Preliminary 2.6t (13 TeV) 261" (13 TeV) . CMS Praliminary 261" (13 TeV)
< [ o |
-t -6 it | o SECELE | EEEEREE O RRe e R S i R s 1o
107k K=0.01 ¥=0.1 k=02
- — Observed P, — Observed P, — Observed P,
S | S 20 SRR | S 26 N 26
102 102 0%
i Local-p: 2.60
i at 760 GeV i i
—————————————————————————————————————————— -3 6 T S I Rt K¢
10»3 L L IR L L | 103 1 1 o | L ! L 103 1 I | L . L
5x10° 10° 2x10°  3x10° 5x10? 10° 2x10°  3x10° 5x1(? 10° 2x10°  3x10°
m, (GeV) m, (GeV) m, (GeV)

after LEE correction — global p-value <1.20
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Diphoton Combination of Run 1 and Run 2@5‘

¢ Largest excess mg = 750 GeV with a local significance of 3o

¢ Global significance < 1.70

CMS Preliminary 261" (13 TeV) + 19.7 ib' (8 TeV)

o’ T 1 R
t R :
----- -1 SRR T
10-15._ ... ﬁ
N 1
S| - | — 25
102 % = 0.01
N —— Combined
-y 13TeV
-y e 8TeV
102 A T 30
5x102 10° 2x10° 3x10°
m; (GeV)

Jim Olsen, LHC Jamboree 2015: https://indico.cern.ch/event/442432/contribution/O/attachments/1205563/1756687/CMS_13 TeV_results_public.pdf
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https://indico.cern.ch/event/442432/contribution/0/attachments/1205563/1756687/CMS_13_TeV_results_public.pdf

Search for Diphoton Resonances

RS signal mass values lower than 1.3 TeV (rl?=0.01), 3.1 TeV (7?=0.1) and 3.8 TeV (F=O.2)
are excluded!

Run 1 mass limits: 1.4 TeV ('l? =0.01), 2.7 TeV ('I?=O.1)

CMS Ereiiminar 261" (13 TeV
__ CMS Preliminary 261" (13 TeV) __ CMS Preliminary 261" (13 TeV) =) C Y o2 ( )
_Q C ~ _Q [ T ~ : _ = .
s r k=001 " € 35 k=01~ = S0 - - - Expected limit
= [ | --- Expected limit = F -- Expected limit - - 1o
:g- 25:— \ +1o0 :g“ 30F +1o £ ol 20
r i +20 . E i +20 . - —— Observed limit
T 201~ \ — Observed limit T o5k — Observed limit T F S Lo
g r — - Grs—17 (LO) 2 F — - Ggo1Y (LO) 2 ¢ — - Ggg—17 (LO)
% b g 20p £
E E £t
4 ik S °F — 20~
o 10 %) E ) C
L 2 10F SN
3 5 8 .r 2 1o
N 5 L
: L L | | — — E L n L i
5x10° 10° 2x10°  3x10° 5x10° 10° 2x10°  3x10° 5x10° 10° 210°  3x10°
mg (GeV) mg (GeV) Mg (GeV)
~Y ~Y ~Y
k=0.01,m >1.3TeV k=0.1,m.>3.1TeV k=0.2,m,>3.8TeV
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Summary @

¢ 2015 data sample sufficient to reach or exceed
Run 1 sensitivity for many analyses

¢ Exciting diboson excess at Run 1 does not appear at
Run 2

¢ A new small excess in diphoton, more data needed!

CMS Physics Results @ 13 TeV: http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LHC-Jamboree-2015.html
Exotica Public Results: http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
Exotica Preliminary Results: http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html

B2G LHC Jamboree Results: http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LHC-Jamboree-2015/B2G.html
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html
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Summary @

¢ 2015 data sample sufficient to reach or exceed
Run 1 sensitivity for many analyses

¢ Exciting diboson excess at Run 1 does not appear at
Run 2

¢ A new small excess in diphoton, more data needed!
¢ Analyses will be updated/improved...

B2G LHC Jamboree Results: http://cms-results.wep.cerng#fcms-results/public-results/preliminary-results/LHC-Jamboree-2015/B2G.html
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CMS,/ |

Thank you!

(ritesng,
IR
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Back-Up
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CMS 13 TeV Data

09/01/2016

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
4.5

B LHC Delivered: 4.09 b '

1 CMS Recorded: 3.67 fb ' CMS Preliminary

>3 Recorded @ 3.8 T=2.8 fb-1

Good for all: 2.2 fb?

3.0

2.5

Good for many*: 2.6 fb?

*°] [sood for muons: 27 b

Preliminary luminosity uncertainty:
1.0 4.8% @ 50 ns

Total Integrated Luminosity (fb ')

0
0.5l 4.6% @ 25ns !
0.0 N ' | ) Y
* In| < 3.0 for jets and MET Date (UTC)

—14.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
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Searches with Dibosons: Semi-leptonic

2.2 b (13 TeV) 2.2 b (13 TeV)
B 1 02 E T T 177 T TT | LU I L I 1T 17T | LI ? B" 1 02 El T T 177 T TT | LU I L I 1T 17T | LI E
S [ CMS : S [ CMS i
—_ r e - Asympt. CL_ Expected * 1o | — - e - Asympt. CL_ Expected * 1o H
Peeliminary s i~ | Peeliminary s H
§ L S e e Mty Asympt. CL5 Expected + 2c - g --------- Asympt. CL5 Expected + 2c
T s oy % BR(G ,,— WW) k=05 | ] T 10 oy x BROW'— WZ), HVT [ J
x ; B —— Asympt. CL_ Obse':ﬁ?? IIIIIIIIIIIIIIIIIIII _: 3 C — Asympt. GL_ Observed :
o E H B il
E H oc
o) : E .
% 1 x a i
. 10 - 32 - WW+WZ enriched combined
2 R E bg i '-
e L ] 107 i R g :

© 10_2 = \\ """" E

i 1 102
10°E \\ """""""""" + - \ :
1 0-4— _I 1 11 | 1 L1 1 1 \ 11 L1 1 1 L1 1 1 | I i_ .I 0—3 11 11 | 1 L1 1 1 11 1 1 L1 1 1 L1 1 | I i
1 1.5 2 2.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4

M TeV

g, (TeV) My, (TeV)
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B Searches for Diphoton Resonances

ompatibility with Run 1

CMS Preliminary 19.5fb™' (8 TeV) SR ﬂ?‘T"‘.’".‘ﬁTF"I’
E | 1 I 1 1 L) T |I I I : 1I 1 I 1 ] T L T 1 1 I ] 1 1 I 1 ] ] I I T 1 ] AI] classes comhim :
£ 0.005— ll '{ | e 5% GL Obsorved - 001 - I'y= 0.1 GeV; spin-2 -
= u b R + 1 Expocted (£ 0.07) . Observed .
- 1 Vo [ + 20 Expected (K = 0.01) | =
T 0.004 o - — BEE Expected + 10 R
o L ' v ——= Gy k=003 . i

o C v ] ] ---- Expected £ 2¢
© - Vol . = -
C IlI'I- "‘ l\ ] : :
0.002— VoA - i )

E E 10—3 T e
0.001— \ — - ’ ’ -
el T T S R L b, I N Y E Rl 1 Ll L4 a 1 I - B z H : : ! - .
500 1000 1500 2000 2500 3000 3500 10—4.Li.H.il..ll..l.i.L..i....I.,..i.l
Mr ¥ (GeV) 200 300 400 500 600 700 800

m, [GeV]

Excess not excluded by Run 1lsearches

Jim Olsen, LHC Jamboree 2015: https://indico.cern.ch/event/442432/contribution/O/attachments/1205563/1756687/CMS_13_TeV_results_public.pdf
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Combination of Run1 and Run2 @‘
Combination of 8TeV and 13TeV results

« Combination performed assuming narrow RS

graViton hypOtheSiS. __ CMS_Preliminary 2.6 1b" (13 TeV) + 19.7 o' (& TeV)
2 14
— Results expressed in ? 12 ‘u“ )
terms of o N x = 0.01
. T 10 N --- EXO-15-004
equivalent 13TeV o £\ e HIG-14-006
cross sections. BosE N, e EXO-12-045
= ' \
= 6 — ,“ .
e Twoanalysesat8TeV. L
o 4 - “"\‘___ .“"*-‘;
~ HIG-14-006 and 8 b \::;+;:;':_
EXO-12-045 - o
. 5x102 10° 2x10° 3x10°
- HIG-14-006 is the m,, (GeV)
most sensitive in the covered range (larger acceptance, plus
categorization).

Jim Olsen, LHC Jamboree 2015: https://indico.cern.ch/event/442432/contribution/O/attachments/1205563/1756687/CMS_13_TeV_results_public.pdf
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Combination of Run1 and Run2 @‘
Combined limits and p-values

- Combined limit improves single analyses sensitivity by 20-30%.

Largest excess: M_=750GeV, local significance 3c
global significance < 1.7c

CMS Preliminary 2.6 (13 TeV) + 19.7 fb™' (8 TeV) CMS Preliminary 261" (13 TeV) + 19.7 fo ' (8 TeV)
= T ] d W - =) - i =
o TN ] : i ¥ N/ £ F \ % = 0.01
‘I H Vol = 14 L e Expected limit
A R N Ve = - . 10
- -} - -THELRG - - - e L 1o C | +
ol - & 12f \ - 20
3 T - \ —— Observed limit
» & 10 — — Gnsqw {LD}
| B o
S o el # e | A 2 (8] - a I
E C
102 % = 0.01 4 °F
C —— Combined o 4 I
C e C
- N e 13TeV & C
I [ 8TeV R -
————————————————————————————————————————— 306 C
0_3 L L | M || L i i
5x10? 10° 2x10° 3x10° 5x10? 10° 2x10° 3x10°
m, (GeV) mg (GeV)

Jim Olsen, LHC Jamboree 2015: https://indico.cern.ch/event/442432/contribution/O/attachments/1205563/1756687/CMS_13_TeV_results_public.pdf
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