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¢ Many frontier’'s mentioned during the lectures

¢ Energy frontier

2% Intensity frontier
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s¢ Cosmic frontier
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THE ENERGY FRONTIER
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CMS DETECTOR
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DISTINGUISHING FEATURES

s All-Silicon Tracker

% Over 200 m? silicon!

A

¢ Pros: Great tracking
resolution

A

%¢ Cons: Lots of material,
photon conversion, etc.

Al

2 Muon System

¢ 4 layers of DT/CSC with
RPC for timing

¢ Residual solenoid field

gives p measurement
ECAL 2 Trigger
% Only two levels: L1 and HLT

¢ Excellent granularity and

s Coverage to Inl < 5.0 with HF

2
2\

Al
7N

energy resolution

K. Lannon S
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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PARTICLE FLOW

L
. tH HCAL :

: : Clusters
hadron : : A W detector

: . s |

; O

: .

; '."phoh:m

charged
hadrons

particle-flow m

AU
N\

Make optimal use of detector information to reconstruct all particles

¢ Improvements in jet energy resolution

ns

A

7N

Easily remove charged part of pileup (neutral part handled with standard
“Fastjet” energy density subtraction.

Unless stated otherwise, all CMS analysies use PF

A
N

K. Lannon
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DISCOVERY AT LHC!

<2000F
51800
©1600
1400\,
o
o -
3 800,
5, 600
%’ 400:
200F

Is=7TeV,L=5.1fb"

12 e Data
Is=8TeV,L=5.3fb"

z»x
10 1 [zyzz

KL BP o

Events / 3 GeV

\

LA

o N i (=) <«
- — Y

80 100 120 140 160 180
my, [GeV]

July 4, 2012

Al

¢ Since then major focus of LHC physics program to
verity whether this new particle has properties of

(SM) Higgs

Al

#¢ Is 1t produced and does it decay at the right rates?
(Couplings to SM particles)

Al

¢ Does 1t have the right spin?

%<
K. Lannon 19 ‘
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HIGGS PRODUCTION

\'s= 8 TeV

| I 1 11111
LHC HIGGS XS WG 2012
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Branching ratios
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DECAYS
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SIGNATURES STUDIED
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DISCOVERY CHANNELS TODAY
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HIG-13-001
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Events / 3 GeV
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RESULTS BY DECAY

Significance of the Signal

HIG-13-005 \s=7TeV,L<51fb" s=8TeV,L<19.61b"

Combined CMS Preliminary m, =125.7 GeV T\ e
u=0.80=0.14 Py, = 0.65 DJ@C@NLQV/

H— bb
w=1.15+ 0.62

bb

3.4 o

H— 1t
u=110=0.41

H— vy
u=0.77+0.27

H— WW
u=0.68=0.20

H— ZZ
u=0.92=+0.28

| I ) N I I N
1 1.5 2 2.5

Best fit o/oSM

Combined signal strength: o/osm = 0.80 = 0.14
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RESULTS BY PROD. MECH.

HIG-13-005

Combined
u=0.80=+0.14

Untagged
u=0.78=0.16

VBF tagged
uw=1.02=0.34

VH tagged
u=1.02=+0.49

ttH tagged
u=-0.15+2.86

-4

\s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb™

CMS Preliminary m,=125.7 GeV

Poy = 0.52

|

Best fit o/oSM

Combined signal strength: o/osm = 0.80 = 0.14

K. Lannon
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All consistent with SM, but

some, like ttH, have large
uncertainties (still room for
surprises)

UNINVERS I'I"Y.:OF

) NOTRE DAME




COUPLINGS

HIG-13-005 Is=7TeV,L<5.1fb" \s=8TeV,L=<19.6fb" i
CMS Preliminary = 68% CL s Overall, very
' == 05% CL . .
Ky - consistent with SM
N —— Py =037 so far
wz| - =041 3¢ Large enough
A —'*— . .
Sl A Pom.= 0-39 uncertainties that
)\ —'*_ o
<1 T e Pou =049 could still find
K T .
g 5 SUrprises
o ——— Pgy = 0-23 R
N p ......... 041 e BRBSM Prefers ZerO,
BSMr SM .
o '0}5 - # - ﬁf5' - 2' Y but falrly large values
parameter value still allowed
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COUPLINGS VS MASS

CMS Preliminary js=7TeV.L<51fb' \s=8TeV.L<19.6fb"
| 1 | | | L 1 | 1] 1 ! R EEARS LRI

Q l 1 T ]
g | |==68% CL
D L |—95%cCL t .
5 | Wz
< .
107 E
- b z
- T ,"’ -
10%F f E
I | 1 | L1 11 I 1 1 | | | llln llxnlllnuln?
1 2 345 10 20 100 200
HIG-13-005 mass (GeV)
K. Lannon 20

A

s¢ In this case allow
couplings to 1, b, W,
Z, and top to float
independently

.

S SO far, again)
everything looks
consistent with SM
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HIG-13-002

SPIN/PARITY

0.1

0.08

Pseudoexperiments

0.06
0.04

0.02k
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— CMS data

.
[ 4 e

10'||éo 30
-2 x In(Lo_ /Ly

Events

Design a variable that’s

sensitive to J' of Higgs

Test 0* Hyptothe51s o~ &

against others

Repeat for other

hypotheses

21

CMS preliminary ¥s5=7TeV L=51f"ys=8TeV,L= 196’

VAR AR AR RN RA RN RARRN RLRRD RERRN RS
6L ;gat:'. =126 GeV -
Fe =0, m, =126 GeV ]
50 [zzzy -
- B zx i
ar y
DO_HBTO2 IOB 040506070809 1
Dy
I CL
0~ 0.16%
0F | 81%
Yoo | 15%
_|_
2t | <01%
1= | <01%
1™ | <0.1%
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SUSY EXTENSION TO SM

Standard particles SUSY particles

Higgs

’ Leptons . Force particles Squarks Q Sleptons O SUSY force
particles

- Quarks

Al

2 Tells us what particles to expect, but not masses

« Mass spectrum determines phenomenological properties

UNINVERS I'I"Y.:OF
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SUSY PRODUCTION

10 = BEAN T L L L S Largest PrOdUCtiOn WOUId
o, [pbl: pp — SUSY - come from light squarks and
- gluinos
VS=8TeV _
! £ ¢ Could have been the first
Strong : LHC discovery if masses
1 production 2 were light enough
" i} (14;12 g[ep. squarks, n : : "
and gluinos) - s Considering observed Higgs
i mass: “Natural SUSY”
0 i Having light 3rd generat.ion
1 (especially stop) and gluinos
1 avoids fine tuning for Higgs
10 -3 \ ‘ \ \ \ ‘ \ \ ‘ \ \ \ \ mass
200 400 600 800 1000 1200 1400 1600 = If all Charginos/neutralinos
m GeV .
werage [ GV the hightest, then EWK
Assumption: Lightest SUSY particle (ILSP) is stable production will dominate
(i.e. Dark Matter). Does not have to be the case. s QU et SR e e

Harder to detect
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#*SUSY has many free parameters
¢ Determine the masses of SUSY particles
¢ Many different models with different simplifying

assumptions

¢ To make 1t possible to quote general results, use

“simplified models”

N
7I\3

K. Lannon

Focus on production of X — LLSP + SM

¢ Quote results

¢ As limit on cross section for X assuming 100% BR to LSP+SM
% As function of masses of X and LLSP

% Also set explicit limits on benchmark model (usually CMSSM)

. UNIVERSITY OF
M, | (5)NOTRE DAME
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Al

* Looking for gluinos in a “natural” scenario (gluino
decays to stop or sbottom quarks

CMS Prellmlnary \s=8 TeV 19 4 fb™

> SN RRRRNRRRS RAERRRRN AR AR AR REAR ]
8 e Data :m
o Sum predicted _c
Q Single Tau _q,
..(L) Dllepton 3

Ny C 10 T ceeen (m, oM e e

Select events with one ¢ OV BSRINEN 28
: LT} H,>1000 GeV 1O
1solated lepton, Now 6, N2

< v jet2 .

multiple jets (at least

two tagged), large Hr, - \§
look for excess in MET - LT
from LSP i N

Spectacular events with 4

bottom or top quarks + MET Ca.n also 190k é}t events
with multiple 1solated

leptons plus b-jets.

Normalized
residuals

300300 400 500 600 700 800 900 1000
£ [GeV]
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¢ No signal seen: Limits

. . -9 production, §—ti%.
set 1n terms of glumo and 99P J X

S 500C CMS Preliminary — sus zouois };T'JH'T)' A

ok [, lemaTey  enenne
# Shown here: ’ 6005—f8§§§:¥§g 1 oSS _SUS13008 = E
combination of several 5005_"“'”"“*" E
ditferent anlayses ol -
e Depending on LSP 300%— ................................ : _
mass, exclude gluinos 200 E
with mass up to ~1.3 TeV 1o i : -
S D 1 TR T

.
"
~

S Slmllar I’GSUltS fOI’ gllliIlO 80 600 700 800 900 1000 1100 1200 1300 1400 1500

gluino mass [GeV]

to bottom pair plus LSP
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¢ INo signal seen: Limits
set 1n terms of gluino and

[LSP mass

s Shown here:

Y
— -
~

combination of several
ditferent anlayses

¢ Depending on LSP
mass, exclude gluinos

with mass up to ~1.3 TeV

—

.
"
~

¢ Stmilar results for gluino

to bottom pair plus LSP

K. Lannon
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0-g production, g— tt 52?

;‘ —IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
(3 800— CMS Preliminary = SUS-12-024 0-lep (E;+H;) 19.4 fb™
%) - —— SUS-13-007 1-lep (n__ = 6) 19.4 fhig @
g - Is=8TeV = SUS-12-017 2-| sl:sb 0.9%:
E 700 | HCP 2013 BN A\ Rl
a = SUS-13-008 3-lep (31+b)}g9,5%b "
- — Observed % P.,

600— .. Observed -1 Gﬁ'nltjei:(y el

- - - Expected A e \
500 AS \‘l

N
o
o

O [T T T T[T T T T[T T[T ITT[TT]

OIIII|IIII|IIII|IIII|IIII| III|IIII

500 600 700 800 900 1000 1100 1200 1300 1400 1500
gluino mass [GeV]

Ve
4&‘:
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¢ No signal seen: Limits

set 1n terms of gluino and EZZZ
[LSP mass ¢ N
5
s Shown here: =
combination of several 600
ditferent anlayses 500
¢ Depending on LSP zzz
mass, exclude gluinos o
with mass up to ~1.3 TeV

.
— -
~

to bottom pair plus LSP

K. Lannon 29

0-g production, g—

bb ¥,

M|S| Hr||e|II|IT]|I|r|l|ar|y|| I | I'TTT | T T0 | T | | I'TTT | T |E
\'s =8 TeV —— Observed —
M I"IOnd 201 3 .......... Observed -1 oSYUSY |

- - Expected

——— SUS-12-024 0-lep (E,+H.) 19.4 fb”

——— SUS-12-028 0-lep (o.,) 11.7 fb"!

theory —]

||:i||||l|||||||||_

2 Slmllar reSUltS fOI’ ghﬂno 200 600 700 800 900 1000 1100 1200 1300 1400 1500

gluino mass [GeV]

M, | [F5) NOTRE DAME
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STOP RESULTS

A

b/t b
p o : p ) w
b/t ~0 { ~0
- X -~ ~ Xl
B/t > )Z(l) 2 - )Z?
p P W
b/t b

Less spectacular signature: Looks very
much like ttbar background, but with
extra MET

Look at variables that distinguish regular
semileptonic top decay from semileptonic

top + LSP: MET, Mr, M1y, etc.

Combine in Boosted Decision Tree (BDT)

K. LLannon

Entries / 25 GeV

30

Pre-selection

150

[ ti—>u
[ WHiets
[ rare

....... T £ (650/50) x1000

250

Entries /0.10

Entries / 30 GeV

—
QU

¢ If gluino too heavy, look for direct stop production

Pre-selection

e iigeaann,,

300 35 0 50 100 150 200 250 30
Er™ [GeV] M, [GeV]
\\\‘\\\\l\\\\‘\\\\l\\\\‘\\\\'\\\\‘\\\\'\\\\\\\\: m
t— 7 BDT4 —e— Data 1 G
[ 1/top 1 O
- T 1
[ ti—> 1 =
............. I:l W+jets ] Iw
I rare 1 O
-------- SM +T— f3° (650/50)] ==
' 1 A

0.5 0.6 0.7
BDT Output
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I NO Signal seen; set hmlts in CMS Preliminary Vs =8 TeV, (Ldt = 19.5 fb™

S ob ppnT Tt E

terms of stop and LSP mass O O channe T

- : =, o[ SUS-13-011 BDT analysis _Ob %y R

A C - =
#% Interesting behavior when LSP o< & S S e Epected
mass gets too large (off shell ok E
top, etc.) 200 E
¢ Lamats: o E
100 — ]

2 Stop: ~650 GeV for massless 5oL E
[LSP, lower for masive LSP 0 :

¢ No limit if LSP mass = 250 GeV m; [GeV]

UNIVERSITY OF

1) NOTRE DAME
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SUMMARY

Summary of CMS SUSY Results* in SMS framework LHCP 2013

§—aax’
§—qax’
§— bbby’
5 gty
= ~ 0 -0
8 §—aa @ —1"%)
3 ~ — 2 0,0
2 g—aqx =TT 1X0)
2 §—aa®@— Wi X))
3 §—-tf—-1)
§— aa(x — I*v %Z)
§—aq (x,~> Zx )
~ -0 ~0 0
9= aal, v x> Wi )
§—qa(x,~vx )
§— btwy’
z §—ax’
> ~0
g g—ax
- tiz RS 100 o
g L
3 t=b(x"— Wx') %
t—=Db(x"—=Wx)
by Ns=7TeV
S k1—> tW¥x
’ 5 bz7 Ns=8TeV
g s YYY T TYeeLS—.————————————————_—_—
=) 02, ) S H H
é Ao X TZTEOVY X CM Pl‘e|lmlnary
< XH = T
m X %= WZE X For decays with intermediate mass,
L = lkvy X -(1-
XZX VXX mintermediate =X mmother (1 X) m|sp
< ~ o~
"g_ I - IX e 1 1 I 1 1 1 I 1 1 1 I 1 1
(0]
@ 0 200 400 600 800 1000 1200
*Observed limits, theory uncertainties not included
y ass scales e

Only a selection of available mass limits
Probe *up to* the quoted mass limit

e UNIVERSITY OF
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BIGGER PICTURE

: SUSY here
% Higgs and SUSY

attractive because solve

multiple problems with

rpare e ; RN

single theory: . K@@u' -

% Higgs: EWSB + particle , S C e
masses oy [

% SUSY: Hierarchy ol et
problem, DM, new 5

source of CP violation

(e suparveel
¢ No guarantee that t ain Twp m‘w;:k
nature provides a single v Q{;} Famclun | o ‘.!"'«if
simple solution 2R WY [ wee | o7 (0T T S Lo
¢ Many alternatives that \_-'-W__J
solve these problems Everything else...
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RESONANCE SEARCHES

CMS 2012 Preliminary [ Ldt=19.6fb' Vs =8 TeV

%10 T T T T | T T T T | T T T T | T T T T | T T T T F
G10° ~+- Data 8
310° I z/y - ee o
_ =
210° Bl ¢ and Diboson 3
10° I Jets(data) =
102 — ADD,A,=3.6 Tev zHd
10
1
10"
102
107
10
500 1000 1500 2000 2500
Meee) [GEV]
CMS 2012 Preliminary [Ldt=20.61b" \s=8TeV
> T T T | T T T T | T T T T | T T T T | T T T T | Eh
B10t DY = uu 1o
+]- . €
NEDE 1 1 B Top + Diboson 1
@ Je=
£10° data = o'
o) _ E
210 —— ADD A=3.6 TeV 15¢
e
1 E
10" -
10?2 <
10° .
10
500 1000 1500 2000 2500
M, [GeV]
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CMS Preliminary [Ldt=20fb" (s=8TeV ()
>1 07 T T | T T T T | T T T T | T T T T | T T T T ! w
81 o° —— W' — ev M=2500 GeV Iw-> ev loco °|
81 05 T WimevisonGey lti + single top|:| W->tv s
1
;104 .v +jets lDY->ee o
§1 03 : . DY ->tt l Diboson ﬁ
11102 PR
10
1
10"
1072
10° .
2 [r Il- 1 A
500 1000 1500 2000 2500
M, [GeV]
CMS Preliminary [Ldt=201" Vs=8Tev @)
> 7 T T | T T T T | T T T T | T T T T | T T T T m
8126 —— W' - u v M=2500 GeV IW—’MV IQCD 3
] 0% — W' — v M=500 GeV Iti +single t°p|:|w TTH Y
%104 IDY—)MM IDY—>‘E‘E g
D108 l - L
8 V IDiboson « data
10°
1 O [ syst uncer.
1
107 By Tt
107
10°° I
500 1000 1500 2000 250
M [GeV]

35

Events / 100 GeV

WZ — - =y

(Data-Fit)/o,,,

CMS Preliminary 2012
L I B B B

IIII|'|'|T| IIIII|T|'| IIII|'|T|'| IIII|'|T|'| TTTT

T IIII|'|T|:

T T 13k
Ldt=1961f" * Data W ZZ/2y 1N
M B Z+Jets Eol
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e
P
1L

E

e 1 .

| E

1 1 I 1 1 1
200 400 600 800 1000 1200 1400 1600

W’ (1.9 TeV)

CMS Prelimina}y
Vs=8TeV,L=19.6fb’
<25, IAn_J_I <13

m; > 890 GeV/ , Wide Jets

HWW HHWW TTIT

W A/C(36TeV) _

M,z (GeV)
HE B I L m
—&— Data m
Fit °|
-------- Qcbh MC
JES Uncertainty e
1
(@)
<
11

00 4500 5000 5500

000 1500 2000 2500 3000

3500 40
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= o
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RESONANCE SEARCHES

NA
Z\§

10 GMS Preliminary L=19.6fb" s=8Te
< B I R L B I I UL I I
[0} 1 b-tag
(2 —o— Data
o
£ 10’ — Fit

5 1072 <25 &IAn <1.3
.8 10° M,>890 GeV, WideJets
10

EXO-12-023

1 HHHH‘ L1l <

107 s
10° E
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~7000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Dijet Mass (GeV)

'

(Data-Fit)/o,,,,
WNLO LW @
| 1
A
B
R
\ - -
L D s

R
./A

T k2 \

5
.

— o ls=8Te
>

3 1

Q —o— Data

o}

£ 10’ — Fit

Il <2.5&IAn < 1.3

M“>890 GeV, WideJets

EXO-12-023

107

ol vl v \HMMM@<

\m T \HHH‘ T

8
s +

g 3

5 2

= ! | "I .
g o o
) 2

©

8 3

10°

000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Dijet Mass (GeV)
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Events / 50 GeV

Events / 50 GeV

o(Data-MC)

CMS Preliminary, 19.6 fb” at Vs = 8 TeV

[ tt + Single-Top

3 W—b + Ziy*—IT + VWV
-+ =0 Wi x 20, m=1.8 TeV
== W' x 20, m=2.0 TeV
- - = W x20, m=25TeV
==+ W'g x 20, m=3.0 TeV

R Uncertainty

etjets N =1
b tags

B2G-12-010

500 1000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]

CMS Preliminary, 19.6 fb™ at (s = 8 TeV

[ tt + Single-Top

0 Wb + Z*—I'T + VWV
- W'p x 20, m=1.8 TeV
== W'p x 20, m=2.0 TeV
- = = W'p x 20, m=2.5 TeV
-+ = W'p x 20, m=3.0 TeV

RBZZ Uncertainty

utjets Nb tage =

B2G-12-010

500 1000 1500 2000 2500 3000 3500 4000

M(tb) [GeV]
36

event yield

data / bkg

Number of Events / 50 GeV/c?

Interesting to look for resonances in 3rd gen. particles (t/b)

CMS Preliminary, 19.6 fb", s =8 TeV
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L . e — Fitting function S
10°E [ Fitting uncertainty o
- ¢ Observed data
C Bt Signal (Mt* =750 GeV)
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BOOSTED TOPOLOGIES

% | 11 l icles, d d b highl
= I'or really massive particles, decay products become highly
o CMS Preliminary, Vs = 8 TeV, 19.6 b
—~1200reminany, \s =8 1oy, 12a e 2 A
- W jets merged g G0 B2G-12-005
o - S~ - °
Iy 18 UC — > - 2
> - - _ )
© 1 e00E mQATA = 84.3 = 0.3 GeV/c? 5 1000¢ top deca.y to 2 jets
Q) - ] o - =
L 2 . - .
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¢ A number of
models (like Little Sl
Higgs mentioned
yesterday) have
extra heavy vector- >

like quarks 3

\I

uxamp e, vector 3 0S
like top quark —
partner T, decays

to bW, tZ or tH =

s Inclusive search
for T using all of

the above decays
K. Lannon 38

> 1 b-tags
2,3

>5
> 2 b-tags

CAS

Input variables:
N jetss Nb-tags; Hr,
MET, 34 and 4th
jet pt, Merged W
and top jet info

Count events
divided by
lepton flavor:
all electron,
all muon, or
mixed
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QUARK PARTNERS

* No signal observed; set limits between 687 GeV to 782 GeV,

depending on decay fractions to bW, tZ, and tH

, CMS preliminary  (s=8 TeV 19.6 fb!
«10
5. & . . e data
3 10 e+=3 jets/=1 W-jet [ other backgrounds
10* LR
uncertainty

10°
10?
10

-~ TT 800 GeV (x100)

BDT. Discriminant
CMS preliminary (s=8 TeV 19.6 fb!
*E 10° e data
5 10* w+=4 jets/no W-jets [ other backgrounds
i
10° uncertainty

-~ TT 800 GeV (x100)

BD’f Discriminant

B2G-12-015
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Pull Events/25 GeV

Events/50 GeV

CMS preliminary Vs=8TeV 19.6 fb! OS dileptons
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SUMMARY

CMSE o 00
o LQ1,B=1.0 [
XOT'CA 95% CL EXCLUSION LIMITS (TEV) |35 p05 —
) " LQ2, p=1.0 | |
g (qgl’ (‘;'\J/‘\e/; LQ3 (bv), Q=+1/3, B=0.0 [N LeptoQuarks
9" @2) LQ3 (bt), Q=+2/3 or +4/3, f=1.0 [N
q*, dijet pair stop (bt) [N
q*, boosted Z . 0 1 2 3 4 5
e, A=2TeV Compositeness _
U A =2 TeV b’ — tW, (3I, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1

Z’SSM (ee, pp) b’ = tW, l+jets

Z'SSM () B" = bZ (100%) Generation
Z’ (tt hadronic) width=1.2% T — tZ (100%)
Z’ (dijet) t’ = bW (100%), l+jets

Z’ (tt lep+jet) width=1.2%
Z'SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) kM = 0.1

G (Z2(hZ(gq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

wW’— WZ(Ieptonlc)

R’ (tb)

WR, MNR= MWR/2
WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qQ)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino

' — bW (100%), I+|

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., yp, destructve LLIM
C.l., py, constructive LLIM
C.1., single e (HNCM)

C.l., single p (HNCM)

C.l., incl. jet, destructive
C.l., incl. jet, constructive

Ms, yy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6
Ms, I, HLZ, nED = 3
Ms, Il, HLZ, nED = 6
MD, monojet, nED = 3
MD, monojet, nED = 6
MD, mono-y, nED = 3
MD, mono-y, nED = 6

MBH, rotating, MD=3TeV, nED = 2

Contact
Interactions

stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

MBH, non-rot, MD=3TeV, nED = 2 . ¢
MBH, boil. remn., MD=3TeV, nED =2 EXTI'CI Dlmen3|ons

[

[ ]
MBH, stable remn., MD=3TeV, nED = 2 : & Black Holes
MBH, Quantum BH, MD=3TeV, nED = 2

0 1 2 3 4 5 0 1 2
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—

¢ Success of preceding searches depends on good

understanding of background from SM
* Wealth of LHC data with showing no signs of new

physics (yet) means many measurements to help
refine SM predictions

—
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TOP PRODUCTION

CMS Preliminary,\'s = 8 TeV

CMS Preliminar
350 Y
fo) |
s
—~ [ CMS combined 7 TeV (1.1 fo)
e
. 29 \5’300 - : -1
CMS prel. (e/u+jets) 228+ 95, =10pb ~  ® CMS combined 8 TeV (2.8 fb')
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250—
CMS prel. (ee,uu,en) 227 + 3+11+10pb 200—
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150—
e T e NLO QCD
CMS prel. combined 227 + 3+x11+10pb B ggz{:ﬁ'nﬁgrlt‘gngclj
(val. = stat. = syst. = lumi.) 100 — I Scale ® PDF uncertainty
- Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
- MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty
NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 (2013) 50 B ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
3 Approx. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)
Azgrox. NNLO+NNLL QCD, Cacciari et al., arXiv:1111.5869 (2011) 6 6.5 7 7.5 8 8.5 9
[ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD Scale ® PDF uncertain
(| Aggrgx. NNLO+NNLL QCD, L:nanfZId Z: :I., PRD 28 gggg; 82:882 ESCZZ ﬁ)ncertainty;ana v Vg (TeV)
| | | |
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DIFFERENTIAL CROSS SECTIONS

A

5¢ Move beyond inclusive cross section

¢ Unfolded to correct for detector resolution

R

A
Z7I\3

5 CMS Preliminary, 12.1 fo" at ys = 8 TeV
.c 10:.:1 T I T T T L T171 I
> 9” e/p + Jets Combined e Data
& : —— MadGraph
— 8f <=« MC@NLO
ola” _F POWHEG
Ol 7E —
-t Approx. NNLO -
6’ (e Xire 1205 3453) —
5 J | ey~ =
P S _
3 -]
2 E
1
0..1...1‘.1L..x-:.x..xx..l..-x..‘- - |
0 50 100 150 200 250 300 350 400
p‘T (GeV]

K. LLannon

x1

¢ Generally good agreement

Can be used to improve MC tuning

5 CMS Preliminary, 12.1 fo" at ys = 8 TeV

25
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. elu + Jets Combined

TI T T 171 T YT T T
¢ Data

—— MadGraph 7
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EWK AND QCD PROCESSES

RV

e

many orders of magnitude

Nov 2012 CMS
T  E a = 5
o E ' W ' $ 7 TeV CMS measurement (stat@syst)f
» 105 | ' ° Z ' f 8 TeV CMS measurement (stat@syst)_:
DQ = § —— 7 TeV Theory prediction E
— ! : . —— .
- 1211 —< : —— 8 TeV Theory prediction _

3 4l —o- o1 :
S 10 =1 : =
s E 3 = : -
O] 3 | 2] i i : : : .
D0 S = Wy TS
% F L =3 o Zyr
8 102 =4 sl O wWwswz WW | -
= | § 4! ; — 0 & =
5 = i T | | = wz -
= — 4 o E § : 7z 0
° [ EX > 30 Gev | El>15GeV | é é é .
S 10 | T : e
o = In®1<2.4 ' AR(y,)>0.7 : g =
o _ ' : ' -
E B 1 1 ]
1 = . ! 4 150" 491’ 4 49" 3
= 36,19 pb , 50 ; 351 530" 3
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JHEP10(2011)132
JHEP01(2012)010
CMS-PAS-SMP-12-011 (W/Z 8 TeV)

CMS-PAS-EWK-11-010 (WZ2)
CMS-PAS-SMP-12-005 (WW7),
007(ZZ7), 013(WW8), 014(ZZ8), 015(WV)

CMS EWK-11-009
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10"
10°

Vs =8TeV anti-k; R=0.7

¢ Excellent agreement across many processes and

SMP-13-002

L=10.71f6" CMS Preliminary
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J/PSI POLARIZATION

A

1.5 pp \s =7 TeV

1P (28) HX frame

)\19 14 lyl <0.6
0.5

0- | 1 ] *

-0.5
=1 1
7 —®— CMS,L=4.9fb’, total uncert. 68.3% CL
1 —— NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1350027 and private comm.

-1.5-

10 15 20 25 30 35 40 45 50
p, [GeV]
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BPH-13-003

% Occasionally, still run into unexpected disagreement

Highlighted in Theory Summary
Talk at LHCP by Joseph Lykken:

My conclusion: there is a big problem here
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¢ After a little more than two years of data taking

A

¢ One major new discovery

¢ Many limits on new physics

A

¢ Wealth of precision measurements to help tune description

of SM backgrounds

¢ Reasons to anticipate new particles still as valhid as ever

¢ Perhaps next big breakthrough 1s just around the corner
in 13 TeV running

¢ It not, we will learn something about our (lack of)
understanding of nature

.
— -

¢ Stay tuned!
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COMPACT MUON SOLENOID
CMS

ATLAS

Total Weight: 12500 T  Total Weight: 7000 T
Diameter: 15 m (50 ft) Diameter: 25 m (82 tt)
Length: 21.56 m (70 ft) Length: 46 m (151 ft)

Compact = 2X mass in 20% of the volume!
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WW vs ZZ
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Decays of SUSY particles to SM produce jets and leptons

Exact nature of signature depends on whether SUSY can decay to

only SM particles
% No (SUSY — SM + SUSY): R-Parity Conserving (RPC)

RPC RPV
Lightest SUSY particle (LSP) does not decay Lightest SUSY particle (LSP) does decay
— MET Look for jet+lepton resonances
Discriminate with variables that key in on or
presence of MET and masses of mother Non-standard signatures: Stable charged
particles: particles, stopped particle decays, lepton jets,
MET, mT, mm9, aT, etc... etc.

W i
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UNUSUAL RESULTS

A

¢ If we allow RPV, many unusual signatures possible

MetaStable odd dE/d Stable

disappearing
track or kink

lepton jets stable massive particle
RPV displaced vertex |
\ slow
jet , i
stopped leaving the
e ‘Z> MM detector
L X delayed
.’ non-pointing photons decay
M
LFV
Decay
O(10)mm O(100)mm > 0(1000)mm Length

Sigve Haug, AEC University of Bern, LHC2013
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RPV SEARCH WITH 4-LEP. EVENTS

above SM backgrounds

T2+LRPV T1+LRPV

q

No signals seen so far. Set limits:

Gluinos: Exclude masses below ~1.4 TeV (for

neutralino mass above 400 GeV
Top squark: Exclude masses below ~950 GeV

As always, limit depend on model assumptions, masses

of LSP and other SUSY particles, etc.

K. Lannon 54
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CMS Simulation Vs=8TeV

200 B

150/
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% Look for excess of events with for charge leptons

SUS-13-010

expected events for 19.5/fb
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