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Outline

* The 2015 run of the LHC. What can we expect

A selection of results of searches
— Hadronic jets + MET search

— A disappearing hint of NP: opposite sign-same flavor
dileptons

— An appearing hint (hope?) of NP: diphotons at 750 GeV
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The 2015 LHC Run

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV
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The 2015 LHC Run

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

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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2.3fbl!@13TeV vs. 19.4 @ 8 TeV
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2.3fbl!@13TeV vs. 19.4 @ 8 TeV
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Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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CMS generic searches for NP in jet + MET

* Four separate but similar searches. Why?
— historical
— redundancy
— practicalities

* They differ mostly in how they use the MET

information

1. MHT = MET constructed from jets only arxiv:1602.06531

2. v A
3. Oy CMS-PAS-SUS-15-005
4. razor

* Also on details of background treatment
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MT2

Uses MET and jets clustered into two hemispheres
My = min [max (M%l), Mg-?'))]

HmissX( miss X (2 = miss
prssX () +pt =P1

where the two transverse masses are calculated from the
two jets and the two components of the MET, and reduces

approximately to g, ~ \/2p%1p%2(1 + cos A o)
Provides additional rejection against QCD
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Also clusters jets into two hemispheres

A cut in the dimensionless variable o; reduces QCD
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Also clusters jets in two
hemispheres

Two variables R and M,
M. broadly peaks in the
right place for SUSY

E,III_'IISS(pT +pT _I_Emlss

2 ~
it 2M3Z

Mg = M31,J2 + (BFs)?

Razor

CMS simulation Vs = 8 TeV, razor MultiJet box, L = 19.3 fb™’

SM backgrounds: tt, W/Z+jets
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Generic searches

The searches are "generic"
Sensitive to NP in jets + MET 1

To cover as much ground as
possible, "slice and dice" the

phase space into many /\
signal regions

. _ _ MET N,
e.g.: 172 signal regions in
MT?2 search
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N... and N, multiplicities

N, = 12
N, = 4
N = 6
N, = 2
N, = 4




...and even monojets

DM

mediator

DM
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It's all about the backgrounds

. CMS Supplementary (Simulation) arXiv:1603.04053 (13 TeV)
* ttbarand W +jets 1 multijet [ W+iets
— with leptonic decay where I top quark [l z > vv  H;[575, 1000] GeV
the lepton is lost and the v r )
ves < ¢ ¢
gives MET o 29
(cD> Y \( <
.9 O e |o
e Z2VV +jets & > ol
1 | @ o |o
\ 7\ VAN V.
+ QCD Multijet @ @ ) )
1 2 3 4 5 6 >7

N; (pr > 30 GeV)

17



General ideas

Define control regions (CR)

CMS-PAS-TOP-16-011

orthogonal but kinematically
similar to signal regions (SR), eg

Nl‘sélilost(HTa Nja Ny, MET) —

CMS Preliminary 221fb' (13 TeV)
I I I | |

Dilepton

¢ Data [T W+jets

Bl it signal [l Z+jets
[ttt other [ Jti+zW

Events
801

CR , [ sSinglet [ ]Diboson
kX Nt una(Hry Njy Noy MET) o 2 Uncorainy
10°
where k is a CR=>SR "transfer 10
factor" from MC (mostly). 10
14 — —:
In some cases the "transfer factor" T ) 2 /
includes an extrapolation in one of ZZ ¢ 20,77 /
. 0.8 :— ] 7
the four variables. Y — . : : b=
2 3 4 5 26
N.

Minimize reliance on MC, which is
good but not perfect
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Similar CR idea for Z>vv
but using y+jets, since at
high P; Z's and y's are the
same (sort of)

Checked with statistically
limited Z2>uu and Z->ee
samples

ZoVV
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QCD BG estimate

The shakiest part of the chain.
Fortunately it is "small".

Estimated by extrapolating from the
rate of events with MET aligned with
one of the jets

This is a variable that we always cut

on. The oy analysis cuts particularly
tight.
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Razor is a little different

* BG predicted from 2D fit in R? vs. M, plane
— effectively ~ sideband extrapolation

* Fitting function has enough freedom to absorb background

Hadronic categories

o - Low M, sideband: 500 < M., < 600 GeV and R* > 0.3
1 Low R® sideband: M, > 500 GeV and 0.25 < R* < 0.3
0.8 Signal-sensitive region: MR > 600 GeV and R? > 0.3
0.5
0.3
600 1000 2000 3000 4000

M, [GeV] 21



For one of the four analyses, compare data vs. SM for the 4 search variables
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An example from the razor: data vs. BG-only fit for the 0-btag category

CMS preliminary 2.1fb7 (13 TeV)
-g razor MultiJet 0 b-tag Sideband Fit
o 2
> 10 ~ k2 + Data razor MultiJet bin numbers
L - — Fit Total
- a9 14 19 2 29 34
10 = 0.8F
= 0.7+
B 06r3:8 13 18 23 28 33
0.5}
1= : : : : : 27 12 17 22 27 32
g e a e s : s 04
Z ! 5 | ! 5 5 1:6 11 16 21 26 31
- e e e e e i 03|
107" & : | : : : | 0 S P & B 30
T e e I L 600 1000 2000 3000
g b:_ ................................................................................................................................................... MR [GeV]
. O: oe [) e ® ® @
o Upes L= = = L End A Ene St
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Some simplified model
interpretations
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m., [GeV]

pp — 89, g — bbX?
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Simplified models of gluino and
squarks

* We have extended the exclusion limits on gluino

masses in typical simplified models from ~ 1350 GeV
to ~ 1600 GeV

* For degenerate light squarks from ~ 900 GeV to ™
1200 GeV

* For bottom squarks from ~ 750 GeV to ~ 900 GeV

30



Caveats

These are simplified models
100% branching ratios
Simplified decay distributions (phase space)

There are plenty of "nooks and crannies”
where SUSY can be hiding below our limits

We explore some of those. We are doing
more and more of this.



An example

VS.

When the stop is very heavy (virtual) they are the same
When M(stop) >> M(top) + M(%") the sensitivity is very
similar

When M(stop)~M(top) + M(x") reduced sensitivity

32
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A partly disappearing excess: opposite
sign-same flavor leptons + MET

400 ] I I I I llllll
- S/ elf 205.7 /

e A "classic" SUSY signature

300

Events/0.5 GeV/100 fb™’
S
o

* Two leptons of opposite signand |
same flavor 0 "

* The invariant mass of the pair
has a kinematical edge and a

triangular shape from phase
M(x2)4/1 -
space




Look for e*e"and uw*u + jets + MET
You find many such events, mostly from ttbar, so look for
an excess
The BG estimate is the most robust of all the SUSY
searches at the LHC

— MC

— Data eu events
* ttbar =2 ey, ue, ee, and uu democratically

— Differences in e vs. u efficiencies partially cancel
1 1 e(e)
N I —N — _ ——
(e +pp) = SN(ew)(r+-)  r=5

— BG does not have an edge

Uncertainty in BG estimate ~ 5% (trigger mostly)




CMS 19.4 b (8 TeV)
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Events / 5 GeV
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- CMS 19.4 b (8 TeV)
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Can you see a triangle?
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Atlas saw no excess (tighter selection in MET)

EPJC 75 (2015) 463
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On-Z version of the search

One can also look generically for Z+MET+jets

Same backgrounds from ttbar, estimated in the
same way (opposite flavor rate)

Also MET tail in Z events
Some rare processes, eg, ttZ etc

Can "slice and dice" in terms of N _,,
jet

N,, HT, MET
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Atlas saw an excess in the tail of Z+MET

29 events with an estimated BG of 10.6 + 3.2 (~ 30)
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CMS 19.4 b (8 TeV)
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CMS 19417 (8 TeV)
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CMS saw no excess (but with looser requirements on HT)
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CMS Run 2 opposite sigh, same
flavor search

e Off-Z edge search

— More signal regions (slicing-and-dicing) to explore
more thoroughly

— Keep one signal region identical to Run 1 (no LEE)

e On-Z search

— More signal regions (slicing-and-dicing) to explore
more thoroughly

— Define one signal region "like Atlas Run 1" (no LEE)
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Can the 8 TeV excess (19.4 fb!) still be consistent with the lack of
signal at 13 TeV (2.3 fb1)?

Hard to say because one needs a signal model to properly scale
cross-sections vs. CM energy
Suppose that the excess came from sbottom pair production

— Because there are b's in these events

— There are b's in the BG also (ttbar) so let's not get excited

Scale 8 TeV excess yield to 13 TeV using sbottom cross-section
scaling
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Sliced in
Mass ranges: (20-70) (70-81) (81-101) (101-120) (>120)
central vs. forward leptons
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Z + MET: Signal Region like Atlas
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But ATLAS does not give up so easily
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Comments

* The excess in the CMS edge analysis was likely
a statistical fluctuation

e The Z+ MET channel

— statistical fluctuation?

— Atlas does not know how to predict the MET tails
In Z events

— CMS has a non-understood inefficiency for Z
events with lots of MET
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CMS-PAS-EXO-16-018
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CMS-PAS-EXO-16-018
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CMS-PAS-EXO-16-018
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Compatibility betweem Atlas and CMS and

between 8 TeV and 13 TeV?
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The background gqg — vy at 750 GeV grows by 2.3.
The signal grows by ~ 5 IT produced from gg, bb, cc, s5. OK.
The signal grows by =~ 2.5 ITf produced from =+, uu, dd: disfavored.

CMS Preliminary

33" (13 TeV) + 19.7 fb™' (8 TeV)

3.3 (13 TeV) + 19.7 ib' (8 TeV)

m=750 GeV, J=2
L -0.014x10?

—— Combined
—— 8TeV
—— 13TeV

CMS Preliminary
— 6 | 6 C
(@) [@)) -
e} m=750 GeV, J=0 o :
< 5 L _0.014x10? < 5
o & -
- —— Combined
4r — 8TeV 41
- — 13TeV -
3 3 :_
2 :_ 2 __
1 1=
0 [~ —
0 % 2
c'3TeV . B (fb)
YY

CMS-PAS-EXO-16-018

. |
4 6 8 10
o13TeV . Bv ) (fb)

>4



CMS-PAS-EXO-16-019
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CMS-PAS-HIG-15-004
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Conclusion

* Run 2 of the LHC is off to a good start

* By ICHEP this summer we will know if the 750
GeV object is real or a fluke
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