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EXO-16-005 ttbar+MET 2015 *°
EXO-16-010 Z(Ih+MET 2015 °
EXO-16-011 monoH(yy) 2015 °
EXO-16-012 monoH(bb) 2015 °
EXO-16-037 monojet 2016 *
EXO-16-038 Z(Ih+MET 2016 °
EXO-16-039 mono-y 2016 °
EXO-16-040 monotop 2016 °

Analyses/minute=1.05
1 8TeVresult:19.6 fb' -
9 2015results: 2.7 fb? -
11 2016 results: 12.9 fb'.
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Whats new?

EXO-16-032 dijets 2016
EXO-16-030 low-mass dijets 2015
EXO-16-032 Z'—ee/upy 2016
EXO-16-043 LQ(ee) 2016

EXO-16-034 Z(ll)gamma 2016
EXO-16-035 Z(gq)gamma 2016
EXO-16-025 Z(gg)gamma 8 TeV
EXO-16-022 displaced e-mu 2015
EXO-16-036 HSCP 2016
B2G-16-020 VW(W—Iv) 2016
B2G-16-010 VZ (Z—ll) 2015
B2G-16-017 W'—tb(—Ivbb) 2016
B2G-16-009 W'—tb(—qqbb) 2015
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\Whats new?
EXO-16-032 dijets 2016

EXO-16-030 low-mass dijets 2015

EXO-16-011 monoH(yy) 2015 *| EXO-16-032 Z'—ee/pp 2016
EX0-16-012 monoH(bb) 2015 * \ EXO-16-043 LQ(ee) 2016
EXO-16-037 monojet 2016 * EXO-16-034 Z(lllgamma 2016
EXO-16-038 Z(I)+MET 2016 * EXO-16-035 Z(qg)gamma 2016

EXO-16-039 mono-y 2016 * EXO-16-025 Z(qq)gamma 8 TeV
EXO-16-040 monotop 2016 * EXO-16-022 displaced e-mu 2015

» EXO-16-036 HSCP 2016
B2G-16-020 VW(W—lv) 2016
B2G-16-010 VZ (Z—lI) 2015
B2G-16-017 W'—tb(—Ivbb) 2016
B2G-16-009 W'—tb(—qqbb) 2015

EXO-16-005 ttbar+MET 2015 °
EXO-16-010 Z(IH)+MET 2015 °

Heavy Mediators




EXO-16-005 ttbar+MET 2015 *°
EXO-16-010 Z(Ih+MET 2015 °
EXO-16-011 monoH(yy) 2015 °
EXO-16-012 monoH(bb) 2015 °
EXO-16-037 monojet 2016 *
EXO-16-038 Z(Ih+MET 2016 °
EXO-16-039 mono-y 2016 °
EXO-16-040 monotop 2016 °

Diphoton stuff

\Whats new?
EXO-16-032 dijets 2016

EXO-16-030 low-mass dijets 2015
2016
2016

EXO-16-032 Z'—ee/up
EXO-16-043 LQ(ee)
EXO-16-034 Z(ll)gamma
EXO-16-035 Z(gq)gamma 2016
EXO-16-025 Z(gg)gamma 8 TeV
EXO-16-022 displaced e-mu 2015

2016

EXO-16-036 HSCP 2016
B2G-16-020 VW(W—lv) 2016
B2G-16-010 VZ (Z—-l1) 2015

B2G-16-017 W'—tb(—lIvbb) 2016
B2G-16-009 W'—tb(—qqgbb) 2015
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Whats new?

EXO-16-005 ttbar+MET 2015 * EXO-16-032 dijets 2016
EXO-16-010 Z(IN+MET 2015 ¢ EXO-16-030 low-mass dijets 2015
EXO-16-011 monoH(yy) 2015 ¢ EXO-16-032 Z'—ee/pp 2016
EXO-16-012 monoH(bb) 2015 * EXO-16-043 LQ(ee) 2016

EXO-16-037 monojet

2016 © EXO-16-034 Z(l)gamma 2016

EXO-16-038 Z(I)+MET 2016 * EXO-16-035 Z(gq)gamma 2016

EXO-16-039 mono-y
EXO-16-040 monotop

Lifetime Frontier

2016 * EXO-16-025 Z(gq)gamma 8 TeV

2016 * | EXO-16-022 displaced e-mu 2015
| EXO-16-036 HSCP 2016

« B2G-16-020 VW(W—lv) 2016
B2G-16-010 VZ (Z—-l1) 2015

B2G-16-017 W'—tb(—Ivbb) 2016
B2G-16-009 W'—tb(—qqgbb) 2015




EXO-16-005 ttbar+MET 2015 *
EXO-16-010 Z(I)+MET 2015 *
EXO-16-011 monoH(yy) 2015 *
EX0O-16-012 monoH(bb) 2015 *

EXO-16-037 monojet

2016 °

EXO-16-038 Z(I)+MET 2016 °

EXO-16-039 mono-y
EXO-16-040 monotop

2016 °
2016 °

Boosted Jet Searches ‘
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Whats new?

EXO-16-032 dijets 2016
EXO-16-030 low-mass dijets 2015
EXO-16-032 Z'—ee/uy 2016
EXO-16-043 LQ(ee) 2016

EXO-16-034 Z(ll)gamma 2016
EXO-16-035 Z(gq)gamma 2016
EXO-16-025 Z(gg)gamma 8 TeV
EXO-16-022 displaced e-mu 2015
EXO-16-036 HSCP 2016

B2G-16-020 VW(W—lv) 2016
B2G-16-010 VZ (Z—lI) 2015

B2G-16-017 W'—tb(—Ivbb) 2016
B2G-16-009 W'—tb(—qqbb) 2015




EXO-16-005 ttbar+MET 2013\*
EXO-16-010 Z(I)+MET 2015
EXO-16-011 monoH(yy) 2015 [
EXO-16-012 monoH(bb) 2015 °

EXO-16-037 monojet

2016 |°

EXO-16-038 Z(I)+MET 2016)°

EXO-16-039 mono-y
EXO-16-040 monotop

Dark Matter

2016
2019 °
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Whats new?

EXO-16-032 dijets 2016
EXO-16-030 low-mass dijets 2015
EXO-16-032 Z'—ee/uy 2016
EXO-16-043 LQ(ee) 2016

EXO-16-034 Z(ll)gamma 2016
EXO-16-035 Z(gq)gamma 2016
EXO-16-025 Z(gg)gamma 8 TeV
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EXO-16-036 HSCP 2016
B2G-16-020 VW(W—Iv) 2016
B2G-16-010 VZ (Z—ll) 2015
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Common Themes

* Running at such high luminosity is tough'
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Control of Data
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The Searches
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Making a "Mass” out of of It
Ingredient 1 ~ Ingredient2

Jets(+b) jets(+b)
Photon Photon

Muon > Muon >

Electron > Electron >

Tau > Tau >

Wﬁw@

M adSS (169 ways)
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Final State ] D”et Search
Low mass Analysis High mass Analysis
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Analysis at trigge
Not all events on tape
EXO-16-032

Dijet selection
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Final State | Dljet Search
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> T T L
(CB r CMS ]
50-0055 Simulation Preliminary ]
E - Wide jets .
30_004} i <25, 1An | <1.3 { -
D ata + Tg I 10% gaussian ] I g n a
r —— PF quark-quark B
50003 — .. Calo quark-quark ]
< r — PF ql?ark—glﬁon _
Lomeee- Calo quark-gluon -
0.002— __ PF gluon-giuon ]
- ------ Calo gluon-gluon W i L 7
0.001— A "L -
O: - 1 . L A/Ifl/l\t L | 1 ‘-V":. L.
o) 200 400 00 800 1000
Dijet Mass [GeV]
—10° CMS ‘Pr‘elilm{ne‘?r}‘/ | |1 2.9 fo” |(1§ TeV) 10° CMS Preliminary 12.9 b (13 TeV)
-Q % % E g I | I I T I ‘ I T T I | T I T | I I T I ‘ T T I | T Ig
L oF quark-quark 95% CL limits [t . quark-quark 95% CL limits
< 10 = —— Observed = < 10°= —— Observed E
m sk 0t Expected £ 15" 1 aa] SN e Expected + 1o
© 10 v e Expected z 26 = © 10w, N0 e Expected + 26 =
107, T . E 1 E
105 ~-------~73337~737-'7321.‘.;7;7-—-~--.~._, o E 107 DN, é
] A - -
1 e 107 N TN .
_1 ; . l C -.\.":,\\ n
10 = - Axiguon/coloron = 10°2 = e AXIQUON/COIOTOR <>, =
LT Scalar diquark . -~ — — Scalar diquark JRba ]
1072 - W E 107 - W E
S E S 4 T, =
10—3\l\‘l“‘|"|"'|"' 10—57\|\\l\\\||\||\|\|\\l\\r\-.|\||r
600 800 1000 1200 1400 1600 2 3 4 5 6 7

EXO-16-032 Hesonance Mass [GeV] Resonance Mass [TeV]



— 18.8 fb" (8 TeV Z'+jet
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Total Luminosity : 2.7 fb' (2015) Lo
Final State - (qQ)+] 4 +Jet
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Final State L )] Z +Jet

k¥ Discussion title: Review of EXO-
16-030

Dear Authors

I noticed that in your PAS the
introduction refers to UA1 and UA2
results at sqrt(s)=300 GeV. These results
came out when I was on UA2 in

fact, and the SppS ran at sqrt(s)=630
GeV.

Best regards Joe[Incandela]

EXO-16-030



Total Luminosity : 2.7 fo' (2016) . v
Final State vy Y] search
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Total Luminosity : 12.9 fb™
Final State . ee/uyu

(2016)

124107 (13 TeV)

18

Dilepton Search
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Tptal Luminosity : 2.6 fp'1 (2015)
Final State . eet2j Leptoquark(LQ_)e+J)

* Leptoquark decaying in electron final state
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8TeV leptoquark search excess is now gone
EXO-16-043
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Tagging Vector bosons
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Vector boson taggers are a regular part of LHC life
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Final State : VW(V—qq+W—lv) VW Search
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Final State - VW(V—qg+W—lv)
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Total Luminosity : 2.7 fb' (2015)
: 2Z(Z—qq+Z—ll)
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//Z searches

27 (13 TeV)
IIIIIIIIIIIIIIIIIIIIIIIIII;IbIa.‘dIIIIIII_
14—-CMS [ | %;iets —
[ Prelimi A ww
- reliminary H1w
e Bulk 650 —
10_— —
B L 2
8l— - —
B-tagged -
o Merged =
B category
o
15F T T "'I
1 bt 1
osE L ) .. HH H[“
0 200 400 600 800 1000 1200 1400 1600 1800 2000
mzy (GeV)
T 11T \\I‘\\‘I\‘\\\ll ‘
o) Preliminary *— Observed limit
4, 5 m=m==== EXpX d 95% C.L. upperl'm'&
N 1O B expected +
N n\ Expected + 26
T \ Ggu — ZZ, KM, = 0.
==
3
m
(O]
o
=102
o
- \
& \
2 \
LO N
% \
é 10 \\
=
AN
I\\\I\\\\I\\J\\I\\\II\\\\I\\\I
600 800 1000 1200 1400 1600 1800 2000 2200 2400
Gg,x Mmass [GeV]



Total Luminosity : 12.9/2.6 fb™
Final State . t+b(t—Ivb/t—qqgb+b)
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Leptonic top decay(2016)
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Final State
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Final State . Long lived track
 Two approaches: dE/dX & Time of Flight

Tracker Only info Muon TOF info

12.9 b (13 TeV) 12 9 fb (1 3 TeV)
= T T T T T T I T T T T i = 10 E T T T T T T I d
£ CMS Tracker - On yj & "CMS Tracker + TOF =
PL reliminary - @ - Preliminary
:_SB F o ¢ Observed & :_2'3 ¢ Observed E;
10 " a [ 4 ] Data-based SM prediction3 10* R4 [ 4 ] Data-based SM prediction |
S [ Gluino (M = 1000 GeV) | - “ [ Stau (M = 494 GeV) E
10° &= . = B il
E H E =
=5 Loose Category - RN Loose Category =
10° 2 =

L m>

1000 1500 Ih — K_2 _I_ C,

1000 1500 0

Mass (GeV) Mass (GeV)
3 12.9 b (13 TeV) _ 12.9 ™ (13 TeV) P
S .CmMs | Tracker-Only { | 210 CMS T " Tracker + TOFJ
j"" E reliminary = j’z = reliminary E S I f
|=_SB E ¢ Observed 3 f_ﬁﬂ C ¢ Observed 7 O Ve O r I I laSS
100 [ a | Data-based SM predlcllon 102 4 | Data-based SM prediction—|
[ Gluino (M = 1000 GeV) g Y [ stau (M = 494 GeV) =
10° 0L § Tight Category -
. : -
10 i =
0

—
2

1 1 1 L L I -
10° 1500 1000 1500

EXO 16 036 Mass (GeV) Mass (GoV)




Dark Matter
Searches
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Search for Dark Matter at LHC

e Can split dark matter into two classes of searches

T

Spin 0 Spin 1

Yukawa coupling to quarks Flavor universal to quarks
(At the moment no mixing) (At the moment no mixing)

All dark matter searches are really
a search for Dark Matter + A mediator



Making a "Mediator” out of of It

Ingredient 1 Ingredient 2
Quark(+b >
Photon
Muon [ - :
Electron - Invisibly decaying

mediator

W—-lv :E .

Mediator X p.. (13 ways)
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Spin 1 DM Searches

q X
qy
< g
q
Flavor changing/'q
vertex o

top
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Spin 0 DM Searches

Big Assumption : g F(b)
No mixing w/Higgs

-~ Higgs nvisle o
Scalar w/EWSB

-

See Guillelmo's talk -
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Final State
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Final State . JIN—qq+MET
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Final State YEMET Mono-y
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Total Luminosity : 12.9 b (2016)
12.9fb" (13 TeV)
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. top+MET

Final State

CMS Preliminary
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Mono-Top
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Final State . Higgs(bb/yy)+MET I\/Iono-Higgs
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Final State : Higgs(bb/yy)+MET I\/Iono-Higgs
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tt+DM
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Mediator Arms Race

Who can cover the territory first?
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Dark Matter Summary

EP 2016

CMS Preliminary Dark Matter Summ#é
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Impact of Mediator Searches
Spin 0 Spin 1

o t+DM ¢ Mono-b
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Mono-jet/Mono-V
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Mono-Photon
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Mono-jet/Mono-V

CMS Preliminary

Dark Matter Summary ICHEP 2016
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In Summary
 No New Physics

- A plethora of new an interesting results
- Excess in ZZ(lI+)) @650 GeV and y+j @ 2TeV

e LHC Run Il has warmed up

- Just getting into the interesting part

* Now probing :
- Spin 1 mediators in the 2-3 TeV range

- Spin 0 mediators in the hundreds of GeV range
- Long lived 100 GeV particles in the few cm range



*Bonus Heavy lon QCD talk in back






My Favorite
Heavy lon Result
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Softdrop condition

Softdrop = Jet grooming technique
removes large-angle soft radiation + remaining background

Soft Drop condition

2 s . OP
~ "C‘th t
energy angular

threshold exponent

We use B =0and z_,, = 0.1 ___ min(pr1, pr,2)
All soft emissions are removed 8T pri+pro
Equivalent to modified Mass Drop

Momentum fraction
carried by the

[1] Larkoski, Marzani, Thaler subleading branch

Phys. Rev. D91:111501 (2015) . "
Soft Drop: JHEP 1405 (2014) 146 of first splitting



MC/data

Note: For detector resolution reasons require AR
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Meééurement INn pp

> 0.1

12(subjet)

-*-pp

B PYTHIAG
-6~ PYTHIAS
< HERWIG++

pp Vs =5.02 TeV 25.8 pb”

SoftDrop B=0 Z .
AR;,>0.1

-01 ¥+

Pythia and Herwig predictions straddle the pp result
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CMS- PAS HIN-16-006
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Dark Matter Searches
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\f\w&< x DM Signature

= % A Jet (+other particles)

» X WX Dark matter
4 )

Mediator pi= MET |

g .
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igure 3: Cross section upper limits at 95% CL on various signal models for the tracker-only
nalysis (left column) and tracker+TOF analysis (right column) at /s = 13 TeV. In the legend,
CS’ stands for charged suppressed interaction model.
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Total Luminosity : 2.6 fb™' (8TeV/2015)
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VV Combination

Diboson search now has
many different final states

Many different
combinations possible
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Strategy to fix agreement

Signal Region

I Control Region
MC

MC Propagate scale facto

from a control region
w/similar p_

Data
| r(x) Dr(x)
MET =X | MET = x

Control: another decay of a Z boson
LoW—> LV
Remove

Problem is control regions have less events than signal

o =0.1 o0 —»Statistical precision is 4x worse
M w CMS-EX0-16-010

Not good enough! CMS-EX0-12-055
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* To large extent the y+jets drives the constraint

- However we need need Z—ll to constraint vy

Events / GeV

2.30 fb' (18 TeV)
S

- -

o o
N w
T

-
[=]
T T T T

107k

102¢

CMS Preliminary

Z—p

T
—— Data

Post-fit (Z — uu)

Pre-fit (Z — pp)

l:l Other Backgrounds

—g 14 ) e
o 1.2 7
SR API: T st
= 08 M%++
80-5\\\.\*.|\\|\.\.\“
200 400 600 800 1000 1200
Recoil [GeV]
2.30fb" (13 TeV)
> E T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘
® £
O gL CMS Preliminary —$— Data
~ E
%) P Post-fit (W — ev)
C
(]>J 10° 3 W_)ev Pre-fit (W — ev)
L 10 i I:I Other Backgroun
1%
107
102¢
-GDJ. 14 T L L L L
PP S S-S 9 S S M ==
& o8 S
8 0.6 I T T N T R Tl & T 1 L
200 400 600 800 1000 1200
Recolil [GeV]

2.30 b (13 TeV)
T T ‘ T T T |

Recoil [GeV]

o 230" (13 TeV)
> ‘ ‘ T - % 108 ‘ —— T
© 10 L Iz vy 3 (O] CMS Preliminary —4— Data
(O] CMS Preliminary ] ~ 02l i
= [ RN ] ® E Post-it (Z — ee) E
o [ lacD __5# § [ Z > ee Pre-fit (Z — ee)
c I Top Quark ] L 10¢ 3
()] g E l:l Other Backgrounds
> 402 I Others .
L —&— Data ] A
10 Mono-J (V, 2 TeV) ;
Expected (post-fit) E E
Expected (pre-fit) ]
1 E
: L
-1 _ .
10 B 1 Py = T A = T —
3 o ——
: Y e ame— o
1 N e N e
| 200 400 600 800 1000 1200
Recoil [GeV]
14 | . - LI .-
AR | _ 2307 (13 Tev)
.1 ;‘:‘ J%El;%:'ﬂh- -ﬁﬁ:‘l‘ij--------T:-i'-:-'---- % 104 T T T T LI T T T T ,E
08 \ E . . (O] CMS Preliminary + Data 1
0.6 I AN ] TR B 1 1 P -~ 103 4
200 400 0 800 1000 120 %) VV_) IJ \V; Post-fit (W — pv)
miss ]
E- [Ge N2 Pre-fit (W — ) ]
2.30 b (13 TeV) w |:| Other Backgrounds
o W ‘ R . b
() E E E
(O] CMS Preiimina —$— Data E
% 10 v+j etS Postifit o + jots) .
q>') 102 Pre-fit (y + jets) E
w ; l:l Other Backgroun 10_1 ; N
10 ; E
107¢ E
10_] L \_‘ \_‘ | £ L 1 L ‘ L 1 L ‘ L 1 ‘ L L L | L .
, | E_) 12 T T T T :l_:—‘ll—” | T \::::\
10~ o . I
| | L ﬁ\—ﬂ—,ﬁ. L (\U Ogm%"" YT T
? 113 ‘ ‘ ! o l;‘T ‘ IMI R 8 0:6 TS I I M M M PR il |
o 1M..“m%%.r.# teCys 88 200 400 600 800 1000 1200
g o L + Recoil [GeV
5 oY ot ecoil [GeV]
A 0.6r i b Pl B T Al B B i |
200 400 600 800 1000 1200

69



70

A mystery? Understanding Z/y p.

Can we really use Photons to model Zs ?
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How do we fix this?
Impact of the electroweak corrections

pp—Z+1j @Q8TeV
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A mystery? The Z p_ spectrum

* These results are missing NLO EWK corrections!
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However we still have a problem!

Unc. »EV diz=doV/doz(u)
dp,/ dp;

Process #1 Scale unc.

oun o,

&

Process #2 Scale unc.  Fully correlated
Scale unc.
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Uncertainty on ratio? How is it done?

Scale uncertainty on process #1
/ Scale uncertainty on process #2

\
p

oun o,

Unc. -do¥ /do”_ do¥/do“(p)
dp,/ dp.

doY (+0) doY(uvr /do(p
do4(+o) do4(p“*)/do'(u
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Uncertainty on ratio? How is it done?

Scale uncertainty on process #1
/ Scale uncertainty on process #2

o\°| i I
© Z
Unc. -doY /do” = doY¥/do(y)

dp, de

doY(+0) do¥(u*)/da'(u,)
do4(+0) doz(p“p)/doi(p )
Adjust C until
uncertainty is
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Uncertainty on ratio? How is it done?

Scale uncertainty on process #1
/ Scale uncertainty on process #2

o\°| R I
° Z
Unc. >EY di = dO'V/dO'Z(lJ)

dp,/ dp.

doY (+0) doY(uvr /dcr(p
do4(+o) doz (uUrP)/do'(p

Decorrelate scale unc. until its max of either process

doY/do? (+0) < max. (do'(u“*)/do’(,))
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What is the previous unc?
Can we motivate this?

Unc. -do¥ /do”_ do¥/do“(p)
dp,/ dp.

doY (+0) C\ fdoY(pr)/doi(y,)
do4(+0o) 1 J \do“(u-°)/da'(y,)
p A Makes Little

Sense
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What about the EWK uncertainty?

In light of being conservative : /

Treated_full correction as an uncertainty
More formal way could be with scale
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What about the EWK uncertainty?

NS SR ST ST S .
‘ Y oy oy vy

In light of being conservative : /

Treated_full correction as an uncertainty

Additionally de-correlated this per bin
Avoids low MET to high MET constraints
Not very logical
Other (better) schemes exist
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What do the uncertainties look like?
Scale & PDF EWK Unc

200 300 400 500 600 700 800 900 1000

ET* (GeV)

Updated unc still too large

CMS-EXO-12-055
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Profiling them in the fit
Constraints after the fit

o
200 300 \ 400 500 600 700 800 900 1000
miss
E. " (GeV)

Limited by Theory unc.

Still systematics limited @low MET
Not systematics limited @ high MET
—> leely will never be CMS-EXO-12-055

oMC/data
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