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Lecture Pla

Overview of the 4 lectures in the next days

_ecture 1: Introduction to Experimental
Particle Physics at the LHC

_ecture 2: Measurements and test of the
Standard Model

Lecture 3: The Higgs Boson

Lecture 4. Searches beyond the Standard
Model at the LHC




Multi Jet Event at 7 TeV |

 Search for Supersymmetry
» The dark matter connection
e SUMmMary




Physics case for new High Energy M_

» Understand the mechanism Electroweak Symmetry Breaking

# Discover physics beyond the Standard Model

Reminder: The Standard Model ]
- tells us how but not why N

M

World Average

3 flavour families? Mass spectra? Hierarchy? .
- needs fine tuning of parameters to level of 1030 N
- has no connection with gravity / > R
- no unification of the forces at high energy e300

HG)

MSSM

World Average

Most popular extensions since 2000

- Supersymmetry — ¥
- Extra space dimensions .
Many other ideas: More symmetry and gauge bosons,
L-R symmetry, quark & lepton substructure, Little Higgs models,
Technicolor, Hidden Valleys, 4t generation...

r
T

Higgsless models somewhat disfavoured these days



A Higgs...

my, = 125.6 + 0.4 GeV

A malicious choice!

MSSM at the weak scale NIRRT
|
|

60 70 80 90 100 110 120 T 130 140

The Higgs:
so simple yet so unnatural

. : Stockholm Nobel Symposium
Guido Altarelli May 2013

We do not understand why the mass of the Higgs is 125 GeV
It most likely tells us something on what is Beyond the Standard Model



So, what Is Next? .

The work is not over yet: Many questions still remain unanswered:
Is it THE Standard Model Higgs boson or a messenger of New Physics ?

*How can we explain a Higgs mass ~ 126 GeV? What stabelizes the mass?
*What explains the mass pattern of the particles that we observe?

*What is Dark Matter and Dark energy? Supersymmetry at higher masses??
*Where is the antimatter in the Universe? How did it disappear??

Iggs as a porta

® having discovered the Higgs?

® Higgs boson may connect the Standard
Model to other “sectors”

SU(3)exSU(2)xU( 1)y

hidden | Higgs quarks
sector sector leptons

Need for precision measurements with ~100x the present statistics
LHC upgrade ! Experiment upgrades!! (Other machines?)




New Physic

- New Gauge Bosons?  gypersymmetry ZZ/WW resonances?

3 " e L . Technicolor?
g le = prps 3 1_&.\. N Ons I s
: : e o
% ) JL=0.1fb! -~ Qo @ "
: = £175 B 07z (M) 3
_i I">'|12.5 %‘

entries / 10GeV/e!
5 - & &

R T R
400 (=] 800 1000 12@3_ 1400 1600
W mass (Gel)

Little Higgs?

Hidden Valleys?

Black Holes??? I T=Zt—~lbl B

ATLAS
300 b

| A Conceptual Diagram |

What stabelizes the Higgs Mass? Many ideas, not all viable any more
A large variety of possible signals. We have to be ready for that



Exotica

Search for physics beyond the Standard Model.
Looking for something weird and unexpected in the data.

Wide range of possibilities with relative little guidance.
Many models and possible phenomena.

Unlike for Higgs or Supersymmetry
— No Exotica hunter’s guide to show you the way

— No SUSY map of parameter space to show you the
Incremental progress with each search

Instead a wide variety of searches used. Will give
examples of that to show the spectrum




Many extensions of the SM have been = Tlet+MET
developed over the past decades:— o J’IEE;;I:TETMET
____Jr u
Supersymmetry ~ > Same-sign dilepton
Extra-Dimensions s . _ = Dilepton resonance
i ﬂ‘:\\"ﬁ:—,—f = Diphoton resonance
Technicolor(s) s‘&:& 7  Diphoton + MET
Little Higg "2‘}\\ - Mutileptons
No Hi 1*‘;&/ \ a Lepton-jet resonance
O FAIggs .o . \\ » Lepton-photon resonance
GUT = Gamma-jet resonance
: S X Dib
Hidden Valley ~<\ \ - . ZLJSEUF" resonance
' > u
Leptoquarks ‘\;&éﬁ a W/Z+Gamma resonance
Compositeness 'N\ : ;Eﬂ:;:l;ﬂ?:
th : (N u -
4 generatlon (t ’ b) a Long-lived particles
LRSM, heavy neutrino = Top-antitop production
a Lepton-Jets
etc... a Microscopic blackholes
a Dijet resonance
a eic..

Beyond the SM Sic




LHC BSM® Hunting Detectors

Total weight 14000 t C M S
Overall diameter 15m ECAL ;ﬁ‘;vsg'”g'asfgi (*) Beyond the Sta nda I‘C| M0d6|
Overalllength  28.7m B MUON ENDCAPS

HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)

Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

The CMS Experiment

‘\!\‘ -
,\?z

Pixel

Tracker Pixels & Tracker [ p— e I f h :
ECAL P (00150 ) 4 = Examples from these experiments
~1 m?2 ~66M ¢ . /
HCAL +Si Strips (80-180 um) )
~200 m2 ~9.6M ch
Muons MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
480 Resistive Plate Chambers ) |

The ATLAS Experiment

Also LHCb via eg B.-> uu
and other precision flavor tests

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



MOEDAL: Monopole and Exotics Detectc

Heavy particles which carry “magnetic charge”
Could eg explain why particles have “integer
electric charge”

q

Direct Monopole
production

q m

102 R ——
o~ 102

1028
5 10%

CDF V"s=1.96 TeV

@ 10

RN
Remove the sheets after some
running time and inspect for ‘holes’

Monopoles also a topic in CMS/ATLAS

@

O 10
0% LHC v s=14 TeV
CDF'Expt.

5=14 TeV 5 x 102 cm2s (@107s/yr =5 o)

Y Y [ Ty 5 Y Y Y Y Y I Y Y O

1038

1040

Laloogl d

1042

—‘Illlilllll“lllllll

2

10 102 103
Monopole mass GeV/c?

-
o
S
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Search for Large Extra D
Mono-jet final state +Missing E; (ADD)

between
3 and 4 TeV

pr jet > 110 GeV
MET > 200 GeV Lower limit on the Planck Scale

versus number of extra dimensions
T

r T T 1 ‘
- CMS 950, L limits |
E —— CMS(LO)8 TeV, 19.7 "
---------- CMS (LO) 7 TeV, 5.0 ]
<wo- ATLAS (LO) 7 TeV, 4.7 b ]
O — LEP limit -
...... CDF limit ]
----- D limit E

CMS
Vs =8TeV

s f|_dt=19.5ﬂj1

M, [TeV]

N WA 000 N 0
I RRARRRERRRHERENRE T T

—
T
|

'::-.,_ L ois i.t'mi__;':-_= =
= i

200 300 400 500 0 700 800 _900 1000
E7= [GeV]

o
TT

Mo (ADD) at LO
95% CL limits

Vs
[TeV]

6=3
Exp.

Lumi

[b]

6=3

Obs.

6=6
Exp.

5=6
Obs.

CMS Monojet

19.5| 394

3.96

2.95

294




A High p+ Mono-jet event

p, = 602 GeV
F_r'“i“ =523 GeV

Run Numbe

2 EXPERIMENT
r: 180209, Event Number: 36060682

Date: 2011-04-27 02:33:15 CEST

A high-p_monojet event - SM interpretation Z = w + jet



Quantum Black Hol

o Schwarzschild radius | Landsberg, Dimopoulos, Giddings, Thomas, Ri

i 2 M
4-dim., Mgravity= Mpianck * Rs = M. 2 CEH Re > << 1035m
PI
I — . R~ 1 MBH ni+1 R. 5 ~ 1019m
4 + n-dim., Mgavity= Mp ~TeV: Rq | <
D D LR H e,

Since M is low, tiny black holes

of Mgy ~ TeV can be produced if
partons ij with  Vs;; = Mgy pass at a
distance smaller than Rg

3-brans

« Large partonic cross-section : o (ij > BH)~ ntRg . :

1 E -27
e (pp — BH) is in the range of 1 nb — 1 fb Evaporates in 10’ sec
e.g. For Mp~1 TeV and n=3, produce 1 event/second at the LHC

« Black holes decay immediately by Hawking radiation (democratic evaporation)
-- large multiplicity
-- small missing E } |expected signature (quite spectacular ...) |
-- jets/leptons ~ 5




Search for Micro Black

EXRA-DRESION _ _ Nice events, eg a 10 jet event
Extra Dimensions!

’/ Graviton

g Planck scale

- < a few TeV?
H A
UNIVERSUM S-brane
iv:1202.6396 CMS Vs = 8 TeV L=12.1fb" R CMS (s =8 TeV L=12.1fb"
g - Multiplicity N = 8 E i
Look for the decay producs g1o° o s & o
of an evaporating black hole = § Uncertainty g
m102 p e Mp=1.5TeV, M =55TeV, n =6 E 5.5

_____ Mp,=20TeV,MJ"=50TeV,n=4
—-M,=25TeV, M =4.5TeV, n=2

"IDefine S; to be the scalar : ; \K
sum of all high p; objects : R :\
found in the event : T~ 45]" BlackMax

. . I - N tati
"1Look for deviations -+ Roating
at h Ig h ST is —+— Rotating (mass and angular momentum loss)

-l l 111 | { ] I 1111 I 11 1 | J 1111 I L1 11 I L1 | J 1
16 2 25 3 35 4 45 5
M, (TeV)

Pull (o)

-2 I - | L1l I 11 11 | 1111 I L1l | Ll 11 | L1l I L1
2000 2500 3000 3500 4000 4500 5000 5500
S, (GeV)

Black hole masses excluded in range below ~5 TeV depending on assumptions



2arch for High Mass Resonanc




E.g. Di-lepton Re

#,-r
K

Plot the di-lepton
Invariant mass

A peak!!
A new particle!!
A discovery!!

Eventz/50 Gelio. 1

00 800 1000 1200 1400 1600
W mass (GeV)

‘ Example : The Di- Ieann chunnell\_

‘ \ / 6
(New gauge bnsans) (ADD)

An, Zn ?{1};2{11
(Little Higgs) (TeV-! Extra Dimensions)

5[1]
(Rnndall Sundrum)
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2011: Z’ Boson to ee

SU (3)e x SU(2), x U (1)y

Extension of the symmetry?

New Gauge bosons?

* Many new models have Z-like narrow
resonances decaying to dileptons

* Interesting features in dilepton spectra
— around 2c each for CMS & ATLAS in e+p

— similar in scale to 2011 Higgs excess

Worth watching in 2012’s 8 TeV data...

107 : — .
imi Data 2011
10° ATLAS Preliminary ézﬁlf?
05 - DD|b050I"I
! Ldt=4.9fb Wi
o ' Egégts itijet
S = muite
0’ \s=7TeV C2/(1500 Gev)
1 (JZ'(1750 GeV)
10° [JZ'(2000 GeV)
10
1
107
102
-3 1 1 | ) ) . |
10 100 1000

200 300 2000

m, [GeV]

o B [pb]

10

10°

10°®

107k

102

107

10

CMs

Mid 2012

T 'IIIII'I'fl'

IIITII'I

)

i I PR B T
500 1000 1500
[ATLAS-CONF-2012-007]

2000

™
ATLAS Preliminary
Ns=T7TeV
Z—=

§ee:ILdt =491"

—pp:_[Ldt:S.be"
P S B

L e

--- Expected limit
P Expected + 1o
Expected + 2o
— Observed limit
— e
—Z,
==z,

Did additional
data confirm
the excess??

0.5 T

‘.'"-3
m [TeV]

—25




New Gauge Boso

10% CMS Preliminary 8 TeV, ee (19.6 fb™), "y (20.6 o)
D E T I T T T T I T T T | T T T T | T T T T I T T T T I T T T T —
o E N N e median expected
- 68% expected - CMS preliminary, 20 fb™, 2012, \s=8TeV
- _— 959 P 4 a E P Observed 95% CL limit
5 , % expecte = 1A Y — Observed 95% CL limit W' — ev
10 Z Lo 3 B \ — — — Observed 95% CL limit W' — v
7 3 M0 otk {-., ------- Expected 95% CL limit
¥ o . X E v % | JEE Expected 95% CL limit+ 1o W’
B —— 95% CL limit i (&) Co \ [ Expected 95% CL limit+2c
LT pr— SSM W' NNLO
10'6 = — 108 it [ PDF uncertainty
= 3 E |V | comamima W, with ;1 = 10 TeV NNLO
. ] - ) Wi with j = 0.05 TeV NNLO
B ] B "‘-‘ ~ rniés miss
102 W (1 DE—— . .. T e'l'EY -,u'l- ET o
107 — é
C 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 ] :
500 1000 150 200 2500 3000 3500 TN TS NNt SN . W WSS S S
m(ll) [GeV] E
Tevatron limits (approx. 1 TeV) 2012 data — 2.9 TeV limit E
reached with 2010 data o ’ 11—
2011 data — 2.2 TeV limit i E
VR TN LIRS TR . ) | UL B BRI LT P AL : 3 :
| [ I Illlillll"-lllllllllllllll (U N

500 1000 1500 2000 2500 3000 3500 4000

M, [GeV]

—e— ATLAS \s =8 TeV (ee 20.3 fb'; un 20.5 fo")
—m— ATLAS \s =7 TeV (ee 4.9 fo"; uu 5.0 fb')
~=~ ATLAS \s = 7 TeV (ee 1.08 fb';up 1.21 fo")
—#— ATLAS \s =7 TeV (ee 39 pb';uu 42 pb™")
e w0 by by ey by e by 0 by sy H

0.5 1 1.5 2 25 3 35
. o — L .
Fast increase in limits (1 TeV — 3 TeV) in short period of time

W, Z’ Limits are now around 3 TeV




Di-jet Resonances

A EXPERIMENT

Run Number: 205113, Event Number: 34879440
Date: 2012-06-18 12:25:45 CEST

! TN
A D

(N




Di-jet Search

m L] I ! ' —_— 10 LB} B¥ 52 Trrr L Y 3 O TIrrr TTIrrr Trrr Trr1rr Trrr | SO B on
= 900 | T T T T T T T T T
c
5 ATLAS > e o
3 10° § O
5 15=8 TeV, |L di=20.3 o = Fit
Q
£ 10 L 10 N 000 e acp mMc
[m7) —]
= 10° = 102 JES Uncertainty
o
5 10° B
E . T 10°E w(1.9Tev)
2 10 —e— Data
et — H 10-4
@ 10° Fit
102 e gt, m=0.6TeV 10°
o g, m=20TeV
10 10°®

_ ., 4= 107 L CMS Preliminary #

£ 1 = Vs=8TeV, L=196 f5'

= o Sy | o M<25,lan1<13

& 3 10 m; >890 GeV , Wide Jets

2 4 " g ; t t 8 ;

= 2 — 2 3 o

g o = g s

@ 2 _; % éE : : : : cm—

z = 0007500 2000 2 30003 7 4500 5000 5500

03 04 05 1 2 3 4

Reconstructed m, [TeV] Dijet Mass (GeV)

* Search for dijet resonance in smoothly falling mass spectrum

— leading jet mass mj; > 0.9-1 TeV from trigger and other constraints  sgaamarmarsee w7 oo Li:,m eV
Expoctod  Observed

— Background estimated from smooth functional fit T 0 i

A W af 251 245

CMS-EX0-12-059 dr  Po(1—x) Loptophabic 17" g’ 198 173

i — Leptophilic W= — g7’ 1.67 1.66

. . I Qi black holes 5.82 5.82
arXiv:1407.1376 dmj — xPatPiin(x) kbl

BrackMax black holes 5,75 5.75

EEEER—— g e




Are Quarks Elementary P

Rutherford experiment:
Unexpected backscattering
of a-particles:

Evidence for the structure
of atoms !! (1911)




JET 2 ?; n.14 _ —— HRutherford Scattering
i) [ -- QCD
\9* 8 012 s NewPhysics
P p £ ot
0.08 [, % _
. 0.06 r "-....-'a-m-'..'_,',,,,,.k..._..-..-..d..-..--
JET]. TN Loocle iyl

2 4 6 8 10 12 14 16
Xdijc-_ = 9XP(|Y1—V2|}

Measurement of the production angle

Z - . .
g S oD predctn of the jet with respect to the beam
= 2 vs=7Te X c c
8% oig|  Lezaw  umzTTevOLO -> High Energy Rutherford Experiment
5 016" My >3.0Tev Almg =7 TeV (LO)
o s -~ Aupn =7 TeV (LO)
= 044y Aigaa =7 TeV (LO) " O elegteron
012 i ——— Ayyaa =T TeV (LO) \ <10""cm
2 i - Ay =TTeV(LO) A :
“F : proton
08 m— Pl (neutron)
i < quark
S ERTa Sy A otk L A )
- —_+_+ ‘ - nucleus
72 4 e 8 10 12 14 18
Koo < 5x1018 cm

Quarks remain elementary particles after these first results




Excited Quark in Dijet Seart

1
CATLAS
| DexpermeNt

invariant mass of 4.69 TeV, and jets with SASS
a jet-p; of 2.29 TeV and 2.19 TeV :

arXiv:1407.1376
"‘e 109 I I — T | T T T T T T T T | T T T T I T T T T T 1
o | ATLAS g - . ]
q>3 10° ; -1 — 103 — 3
B0 ""% \s=8 TeV, ,[ L dt=20.3 fb :E o\ —e— Observed 95% CL upper limit -
S 10° © 102 L \\ ----------------------- Expected 95% CL upper limit _|
(0] E E
£ s & \ W 68% and 95% bands ]
& LN ]
Q 10 —e— Data oY 10 3 AN E
o . = AN ]
a 10’ — Fit - \ 1
b e @, m=06TeV 1E \ [Lat=203f" =
* - \ 3
o g, m=20TeV C AN \s=8 TeV
10 g*, m=35TeV , 10k N -
1 e . . = - 3
% ! o 623 E I ]
E o __ 9900 7 *_; 1 0-2 3
ﬁ -1 . _f E
g 2 E 107g
@ 1 2 3 4 5

03 04 05 1 2 5 4 5
Reconstructed m, [TeV]

Limit on the mass of excited quarks > 4.09 TeV at 95% CL

m,. [TeV]




Exotica Searches: Top/Bo

VLQs: Relevant eg in composite Higgs models

CMS L=195fb" (s=8TeV
JAJ ELEES RIARS LEREY EREE) RACTE RIS L

g ‘ o 19.7 b (8 TeV)
a 15- —e— Observed Limit E irey E .
R N\ = gL ] S pOMS el i
n [ Expected Limit£ 16 | B gl Aoy . E,@ectedn'mn
= B Expected Limit £ 26 | % E Expected limit +1g
2 ——— Signal Cross Section S I Expected limit +20
.T 10 3 c . = — — o(pp — bb) (NNLO)
-  BR(T_, W) =100% - S 107 k= 1b + > 2b categorles
2 ‘ :
- .| o -2'_
T 102k 4 S 10°E
C | C ~
'_g : _____________________________ : 10\'5? \\\
E | 1 h
T E
‘3._ - -
2 10 E S 10.4 N | ! N L | 1 1 ! | ! 1 1
o I P B IS S S B i 600 800 1000 1200
400 500 600 700 800 900 1000 M(b'") [GeV]

T, mass (GeV)

= EW’L| T | LR MU E
‘ST'I-.A.S I Ldt=143&203fb" K el - ATLAS RO
i \s=8TeV = N : A - 5% CL expectad kmit £
'é T Ldt =203 b
Summary results: = = 10k 8 TeV [ ] esncremecaimasze
Same-Sign Il & & E =010 IS
ATLAS-CONF-2013-051 m L = 5% CL observed limit
Ht+X,Wb+X comb. ) B i
ATLAS-CONF-2013-060 o
Zb/t + X P '.3 1k -
ATLAS-CONF-2014-036 o) T E 3
: 3 g |
8 = © I
a )
5 2 el 3
Y @) E s ! .
2 - Single VLQ not quite yet
- - competitive with pair production
0 02 04 06 08 I 107 i B oo

BR (T — Wb) B Ge



TeV Resonances into Top Quark Pairi

Recent developments in models: a prominent role of top production
-light SM fermions live near Planck brane, heavy (top) near TeV brane
-decay of Randall Sundrum gravitons into top pairs!!

« EQ RS — ttbar HCAL Depoéifé":k

ECAL Deposits=

[~ KK gluon, KK W

%

<— Higgs

Subjets

- N \
i
~
’

Methods are prepared to tackle the early data
=High P+ tops ‘



New Physics with Boosted -

S22 B 4pTTTTT T T T T
- 2F ATLAS Preliminary - Simulatiol E': E ATLAS Preliminary - Simulation
u 3.9
1.8 . - Ce . _
........... 5516: Pythia Z'— tf, t — Wb < L0 Pythia Z' — £, t — Wb 12200
14F i
E 2.5¢
120 ! 150
1= 2;
0.8F 1.5F 100
06 i
04 . 50
02F 0.5
0 vl b b bes b b b Lew o 1 :u|||I||||I||||I||||I||||I||||I||||I|||| 0
0 100 200 300 400 500 600 700 800 900 0Cl 100 200 300 400 500 600 700 800
top P, [GeV] w P, [GeV]

W,Z and top decays from heavy, typically multi-TeV
objects are of special interest at the LHC

*AR ~ 2m/p+: decay product merge at large p-
*New techniques developed — and discussed in this
series of topical Workshops- for leptonic and
hadronic decays of W,Z, top...

Eg.: Jet substructure, grooming: mass drop filtering,
trimming, pruning...

ATLAS-CONF-2012-065




Top Resonance Study

arXiv:1207.2409

» Boosted objects are reconstructed as one fat jet R=1.0, p;> 250
GeV. Analyse the jet substructure

« Modified isolation for the leptonic decay side

pp — tt — bbqd lvy.

LS B B B BEL AN BN NELEN N
Ns=7TeV Syst.+stat. errors .
J Ldi =205 b Obs. 95% CL upper limit ]
10 2 Exp. 95% CL upper limit 5

Exp. 10 uncertainty
Exp. 2 6 uncertainty

BBl Kaluza-Klein gluon
ATLAS

s % 2 3
\ Py = T —
AV o
A N
7 EXPERIMENT -
I
Run Number: 180144, Event Number: 43671503 1 0-1 = | 2 1 "R | 2 1 2 | a 1 M
Date: 2011-04-22 09:46:15 EDT

800 1000 1200 1400 1600 1800 2000

g, mass [GeV]



Search for Heavy Neutrinos
F

Left-right symmetric extension of the Standard Model

|CM;/:
A p.

arXiv:1407.3683

7/ VT
|
=

Select events with e\

2 leptons and 2 jets \\ |
\

Event : 16515605

Muinn channel: Event with M, = 331 GeV, M,; = 881 GeV

19.7 " (B TeV) o4 19.7 " (8 Te
B ospomsT T EAam T U kems || —owwd - Large exclusion range
S0 Zgie ] B 22foMS moe: el g
S E?% m—oner 0 o 1 2 5 7 in mass of the Wy and
3817\ ORIkt B ) 3 ' heavy neutrino
L B L ] T E "?ﬂ .
10 t A} E H:_ .
: ) : 2 7 Observe a 2.8 sigma
E T o8 3 excess in the electron
1o s 06 i channel around 2 TeV
g o A ] Wy mass
S 2 i + E 0
o 1 3 1




Real Exotic Objects!




Searches for Unusual F

eavy stable charged particles with unit
narge traversing the detector

eavy stable charged particles with multiple
narge traversing the detectors

|_

C

|_

C

Heavy stable charge particles with fractional
charge traversing the detector

|_

|_

eavy new particles decaying in the detector

eavy new particles stuck in the material in
or before the detector




Search for Monop

9° _

hic i

9
e

1
E ~ 68.5

m:

arXiv:1207.6411
* Magnetic charge g yields strong coupling a, and very high ionisation

(8" _ 1
he der,

g

* Look for high ionisation in Transition Radiation Tracker and high hit fraction (fur)
and also deposition in the Liquid Argon Electromagnetic Calorimeter

* Pair-produced (Drell-Yan) production
Cross Section limits set for m(M) = 0.2-1.2 TeV

=
I
S

L e

0.8 . -

; A 1

0.6- -

i ATLAS *:

0-4__\5 =7 TeV i__

I fl_dt=2.o " 1

0.2~ + Data2011 ! —

o Monopole MC ’ ]

L B D A

0 1 I 1 ‘ | 1 | 1 | 1

0 0.01 0.02 0.03 0.04

Monopole cross section [fb]

10°

102

10

E T T T T T N B
B ATLAS i
| . Daa2011 - Observed limit (DY) |
- [Ldt=20" ~
- Ns=7TeV ]
-]
§ —— Observed limit in fiducial region ;
I [N TN N AT S [N N N S NSNS T N S S S SN TS NN SO |
200 400 600 800 1000 1200 1400

m [GeV]



Events / 100 GeV

Gluinos Mass (GeV)

Stopped Gluinos

' Data taken in between accelerator fills!! Example: fill with 140 bunches

ATLAS Proliminary 50M' @ 57 Tev =®=Daia

229" @ 58 Tev MM Cosmic
10* Il Beam-halo

— 600 GeV g

= 1000 GeV gx100
10°

102

10

1
0 100 200 300 400 500 600 700 800 900 1000
Leading Jet Energy [GeV]

i i i i i
0% 10°% 10* 107 10° 10? 101
Gluino Lifetime (seconds)

ATLAS-CONF-2013-057

I erperimed I X
00| Live e = 50 3o - Limits up to
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1000 7= ?};nezc'mgfagrng Jet Energy > 100GeV 800 Gev on
ool b RehadroNS
700 ] s
600 .
5ol SA—
400 : ' i '

Y¢ CMS Data (2010)
Signal PDF (1 = 1us)

—_— J il 1 1 il 1 1 1 1 1 1
i
S10°F  cms 2011 95%CL Limits:
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?§ - B Expected 16 ]
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e E
m 10k
% O pecey (M, =400 GeV) 1
[®)] i -1
= 4 10
T
g | ]
— . -2
& | {10

-1

10 O ey (M. = 400 GoV)
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Heavy Stable Charged Pa

* HSCPs in SUSY, e. g. when lightest chargino is almost mass degenerate with

lightest neutralino (frequent scenario in pMSSM)

* Usage of dE/dx and/or time-of-flight to discriminate against background

* Re-Interpretation of HSCP searches in pMSSM models = Increase the
fraction of excluded pMSSM models

95% CL limit on o/o,

— — — — —
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Supersymmetry: a new symmetry in Nature?

Standard particles

SUSY particles

Y "One day all these trees will
be SUSY phenomenology papers”
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Why weak-scale SUSY ? -

stabilises the EW scale: [mg — mg | < O(1 TeV)
predicts a light Higgs m, < 130 GeV

predicts gauge unification
accomodates heavy top quark

dark matter candidate: neutralino, sneutrino, gravitino, ...

consistent with EW precision tests (discussed yesterday)

Discovering SUSY — A revolution in particle physics!!

Qon fermion
+407 =~ (J | Fermion and boson loops cancel,

2 A A
provided mass < TeV.

J boson gaugino
—— o~
+— — =0




Detecting Supersymmet
|

Energy produced in the detector

~ simulation

zzzzz

Supersymmetric particles decay and produce a cascade of jets, leptons
and missing transverse energy (MET) due to escaping ‘dark matter’
particle candidates

Very prominent signatures in CMS and ATLAS



MSUGRA/CMSSM: tanB = 30, A°= -2m,, u>0
L N O [N Y [

B L L :
ATLAS Preliminary E *So far NO clear S|gna| of

[La-zamiiseev 7 SUpersymmetric particles

0O-lepton combined ] haS been fOUnd
allowed .

s Observed limit (16, 0"} |

squark mass [GeV]
3
S
S

~o- Beecedimttie.) J - e\\e can exclude regions
where the new particles
could exist.

eSearches will continue for
the higher energy in 2015

I|IIIIIIIIIIIIIIIIIIIIII

800 1000 1200 1400 1600 1800 2000 2200
gluino mass [GeV]

Plenty of searches ongoing: with jets, leptons, photons, W/Z,
top, Higgs, with and without large missing transverse energy

Also special searches for contrived model regions




Constrained MSSM: Various

= 1000 SUG-HA'IC“'ASTPA tin(flsof T-zlmofu')0|95;/°ém'm"; T n;ti;clzzua'lc'?EF:zwi *So far NO clear signal of
T[T ATASPeImay | e oo E supersymmetric particles
S T e : has been found

wE N allowed | ZEmE s =

o k- ‘ | 5D T otonsion s wer We can exclude regions

: — o SRR 0 RO0RE - where the new particles

e E could exist.

s00 [ —

SRS S S, ND == *My,,: Universal gaugino
= AR e S Yo S mass at GUT scale
excluded i T owemme *m,:  universal scalar
0 1000 2000 3000 4000 5000 6000 mass at GUT Scale

m, [GeV]

Plenty of searches ongoing: with jets, leptons, photons, W/Z,
top, Higgs, with and without large missing transverse energy

Also special searches for contrived model regions



Limits on Squarks anc

Results depend on the topologies studies, assumed mass of the LSP etc.

Popular presentation of data:
Simplified ModelS (SMS)

§-§ production g—qax,
I

I I ;1000 [TTTTTTTTTTTTTTTTTTTTTTTT l TTTT I llllllll I TTTT

& cMS Prellmmary =

— BUS13012 H,e Mg 105M" - g S00F |s =8 TeV —— Observed .
— SUS-TIGZ6 fa) MW E go0f EPSHEP 2013 Observed -1 0345Y
- SUSAHE M) 1858 g 7005_ - - Expected E

D
S
TTTTTT

................................

= SUS-13-012 0-lep (H_+MA;) 19.5 fb"
——— SUS-12-028 0-lep () 11.7 fb”'

qeqdin

: Al
| |II|II‘i

l.1J.l.1J.lr_:

- T
1000 1200 1400 200 500 600 700 800 900 1000 1100 1200 1300
gluino mass [GeV]
squark mass [Ga'V)

Combined limits typically > 1-1.5 TeV on sparticle masses



Electroweakino S

”xgif production

ATLAS Preliminary 20.3fb", 1s=8 TeV Status: ICHEP 2014
;.600 = '|'L/ | - o 5'900_ L L L L L O L
) [ — g, via |V, 3, arXiv:1402.7029 - - = - Expect imits [0)] - S D e 0 -0 .
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ol - —— X1 via TV, 31, arXiv:1402.7029 . @ - ‘E =8 TeV S g 4 i:)(w X
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400 "~ %% via Wh,  e/ubb, ATLAS-CONF-2013-093 600 — — SUS-13-006 19.5 fb" — %X () _
L T00 via Wh, 31, arXiv:1402.7029 . - p i'; ' (Tx, BF(1'T)=1) 7
: — i;i; via WW, 2e/y, ar)(iv:1403_iZ?4 i . 500 [ e SUS-14-002 19.5fb @{A "'.— “_,— e .
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200 [ e ' 300|— 3
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1 2

Remark: Model dependent interpretation 2 optimistic SMS limits




What is really needed from
End 2011: Revision!

CERN Now 2011 ,...,....M.,.., Aefed SUSY

apucci, Ruderman,

eiler arXiv:1110.6926 [Soe j

LHC data end 2011 \\(

Stops > 200-300 GeV

Gluino > 600-800 GeV A-{; "E
I o0 LR O
Moving away from \‘/

constrained SUSY models L-

to ‘natural’ models 20 —

.
Natural SUSY survived ~
m
LHC so far, but we uhwulc( ng, _\RNJ_; (_li___) , (‘f__:é..)
are getting close to
push it to its limits!

"
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Natural SUSY"

Low mass stops?

T, production, T~ b 1% /T~ e % K~ Wb ¥ /T~tX ~ Status: ICHEP 2014

-t production, t—t i? /c 5[?

%‘700_|||I|||I||||III|IIII|I||||I|I||IIII||_
£ I CMS Preliminary — Obesrved §
@ 600a — —]
g :vs_BTeV - -~ Expected 1
o CICHEP 2014 1
9 500~ SUS13-011 1dep MVA) 195 1" ]
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400 |- = SUS-13-009 (monojet stop) 19.7 1" ( T~ ¢ %)) |
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300 oo .
300 G ev - «: '_4' "6:::" -
200 =y .
100} -
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100 200 300 400 500 600 7 800
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100GeV 700GeV

Searches for stop quarks are pushing limits now to 700 GeV



Summary of SUSY Se

I In short: no sign of SUSY with the data collected so far

Summary of CMS SUSY Results* in SMS framework ICHEP 2014 ‘

gluino preduction

s L
g 3 CMS Preliminary
g zn For decays with intermediate mass,
. 4: °:: = o mimermedia{e = X‘mmo(her+(1 'X)‘m\sp
L gmsemees o
5:‘5'1'22 -
'R —:“[ S | 1 1 L 1 1 1 1 | L I L | 1 1 L | L 1 L 1 L
o 200 400 600 800 1000 1200 1400 1600 1800
*Observed I|n_1|ts, theory uncertalntlt_-)s_not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to” the quoted mass limit https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Work ongoing on eg compressed spectra, extended incl. searches, Scharm...




Summary of SUSY S

In short: no sign of SUSY with the data collected so far

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: ICHEP 2014 Vs=7,8TeV
Model e,y Jets E'T"j“is JLaqm™ Mass limit Reference
MSUGRA/CMSSM 0 2-6jels  Yes 20.3 02 1.7TeV  m(g)-m(z) 1405.7875
MSUGRA/CMSSM 1ep 36jets Yes 203 |& 1.2 TevV any m(g) ATLAS-CONF-2013-062
MSUGRNCMSSM 0 7-10jets  Yes 20.3 4 1.1 TeV any m(g) 1308.1841
43, q—)qxl 0 26jets  Yes 203 |¢ 850 GeV mF))=0 GeV, m(1* gen. §)=m(2™ gen. g) 1405.7875
28, B-qat) ry 0 26jets  Yes 203 |2 1.33 TeV m{¥)=0 GeV 1405.7875
22, 8—qqtT —qgW )(, len 36jets Yes 203 |2 1.18 TeV m(¥})<200 GeV, m(¥=)=0.5(m(¥])+m(z)) ATLAS-CONF-2013-062
28, B—aq(LliLv/vy 2ep 0-3 ]:e!s - 20.3 2 1.12 TeV m{¥})=0GeV ATLAS-CONF-2013-089
GMSB ({ NLSP) 2ep 2-4jets  Yes 4.7 tanp<15 1208 4688
GMSB ({ NLSP) 1-27+0-1( 0-2jets  Yes 20.3 g 1.6TeV  tang =20 1407.0603
GGM (bino NLSP) 2y - Yes 203 |g& 1.28 TeV m(¥)>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) lTeu+y - Yes 4.8 m{F})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2ep(Z) 03jets  Yes 58 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>107* eV ATLAS-CONF-2012-147
53 gabbvh 0 3b Yes 201 |& 1.25 TeV mE))<400 GeV 1407.0600
g g_,":rd 0 7-10jets  Yes 203 |% 1.1 TeV m(t}) <350 GeV 1308.1841
B gl Olep 3b Yes 201 |& 1.34 Tev m¥})<400 GeV 1407.0600
a1 G biky O-lep 3b Yes 201 |& 1.3 TeV miF})<300 GeV 1407.0600
byby, by —>bx. 0 2b Yes 201 B 100-620 GeV m(¥])<90 GeV 1308.2631
biby, by 4!X. 2e,u(SS)  03b Yoes  20.3 By 275-440 GeV mi¥;)=2 m(t}) 1404.2500
7y 7y (light), 7 —hE| 1-2ep 1-2b Yes 47 | & 110-167 GeV' m(¥})=55GeV 1208.4305, 1209.2102
fifi (light), 71— whi! 1 2e.p 0-2jets Yes 203 |7 130-210 GeV' m(E]) =m(7, )-m(W)-50 GeV, mif, }<<m(¥7) 1403.4853
i)y (medium), i) —ef| 2ep 2jetls  Yes 203 |# 215-530 GeV miFl)=1 GeV 1403.4853
7171 (medium), 7, —b¥| 0 2b Yes 201 i 150-580 GeV m(F))<200 GeV, m(¥;}-m(i!)=5 GeV 1308.2631
i) (heavy), 7, ﬂ,,?g 1epu 15 Yes 20 |& 210-640 GeV miF])-0 GeV 1407.0583
iif (heavy), 7 -1 0 2b Yes 201 i 260-640 GeV m(i)=0 GeV 1406.1122
T 0  mono-etictag Yes 203 | # 90-240 GeV miy)-m(¥})<85 GeV 1407.0608
i 2e,p(7) 1b Yes 203 |4 150-580 GeV m({¥})>150 GeV 14035222
by, h—ih +Z 3epul(Z) 16 Yes 203 |& 290-600 GeV m{F])<200 GeV 1403.5222
I Rfm, Pk 2e.p 0 Yes 203 i 90-325 GeV m{¥})=0 GeV 1403.5294
X Lx, R x, | =) 2ep 0 Yes 203 |} 140-465 GeV m{E})=0 GeV, m(7, #)=0.5(m(¥})+m(E])) 1403 5294
E ’Y"YA K| = () 2T - Yes 20.3 iy 100-350 GeV m(I’?J:OGEV, m(F, 7)=0.5(m(¥; )+m(E})) 1407.0350
E = X|X6—>£'LVFL{'(W). (vl L) e 0 Yes 20.3 B 700 GeV miE} )=m(i3), m(X )= D mi: 0.5(m (¥} )+m(E’)) 1402.7029
Iff)? - 23ep 0 Yes  20.3 E'L.J?I 420 GeV m{F})=m(¥3), m{¥{)=0, sleplons decoupled | 1403.5294, 1402.7029
6’\' —.wxj'h,\b 1epn 2b Yes 203 i’}.i, 285 GeV miFy )-m(,d), , sleplons decoupled | ATLAS-CONF-2013-093
xzx;,,rﬂ _>2R{ 4ep 0 Yes 203 | Wy GeV m{F2)=m(E%), m(F})=0, m(Z, 7)=0.5(m(E%)+m(F})) 1405.5086
Direct ¥ 1| prod., long-lived ¥  Disapp. trk 1 jet Yes 203 | &} 270 GeV mET)-m(E)=160 MeV, 7(f7)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g R hadron 0 1-5jets  Yes 27.9 m(¥)=100 GeV, 10 us<r(%<1000 s 1310.6584
GMSB, stable 7, o, ,u)“(, W 12u - - 15.9 10<tanf<50 ATLAS-CONF-2013-058
GMSB, |-G, long-lived 2y - Yes 4.7 0.4<r(F))<2 ns 13046310
33, ¥y —qqu (RPV) 1y, displ. vix - - 20.3 1.5 <cr<156 mm, BR(u)<1, m(f})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, 7o —e +pu 2eu - - 4.6 A4,,=0.10, 4;:,=0.05 1212.1272
LFV pp—v, + X, ¥, —e(u) + 7 Tep+r - - 4.6 A4,,=0.10, 1y(23:=0.05 1212.1272
> Bilinear RPV CMSSM 2e.u(SS) 0-3b Yes 20.3 m(G)=m(g). 7 5p<! mm 1404.2500
& ET'_,,{’T—.W,?U_X’U—ueeiu, ev, 4ep - Yes 203 m{E})>0.2xm(FT), 412,20 1405.5086
O oW o ery,  3ep+T - Yes  20.3 miF)=0.2xmiF} ), 413320 1405.5086
2-aqqq 0 6-7 jets - 20.3 BR(r)=BR(5)=BR(c)=0% ATLAS-CONF-2013-091
g1, i —bs 2e,u(SS)  03b Yes 203 1404.250
Scalar gluon pair, sgluon—gj 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4828
Scalar gluon pair, sgluon—1i 2e y (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (DS, Dirac y) mono-jet  Yes 10.5 m(x)<80 GeV. limit of<687 GeV for D8 ATLAS-CONF-2012-147

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

Vs =8TeV
full data

107!

Mass scale [TeV]




Summary of Exotica Sea

LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(v)) stopped stop (cloud) .
LQ2(uj) x2 HSCP gluino (cloud) LO ng—leed
LQ3(vb) x2 q=2/ge :ggg
LQ3(tb) x2 gq=3e
LQ3(tt) x2 neutralino, ctau=25cm, ECAL time
LQ3(vt) x2 1 2 3 4
1+MET, SI DM=100 GeV, A
RS1(ee,uu), k=0.1
RS1(jj), k=0.1

RS1(WW—4j), k=0.1
4 I+MET, €=-1, S| DM=100 GeV, A

CMS Prehmmqry I+MET, €=-1, SD DM=100 GeV, A
0

y+MET, SI DM=100 GeV, A
y+MET SD DM=100 GeV, A Dark Matter
I+MET, €&=+1, S| DM=100 GeV, A
l+MET, €=+1, SD DM=100 GeV, A
1 2

3 4

SSM Z'(t1) ‘ )
SSM Z'(bb) , ADD (ee,u), nED=4, MS | : g .
SSM Z'(ee)+Z'(u) :gg(ﬁ+m§nn' nEg=:s mg L Dimensions
SSM W'(jj v+MET), nED=4,
— | =
SSM W'(Iu\g b QBH, nED=4, MD=4TeV
SSMW'WZ—-vll) | [ [ NR BH, nED=4, MD=4TeV |}
SSM W'(WZ—4)) Jet Extinction Scale
—_— . o
String Scale (jj)

0 1 2 3 4

o
h%]
LN
)]
~
©

Excited .
& (M=A) Fermions dijots, As LURR Compositeness

H (f"("\; dijets, A- LL/RR
g,'ag dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
coloron(jj) x2 . single e, A HnCM
coloron(gﬁ x2 MU”’Ijef single y, A HnCM

gglLL::‘ngﬁ(]?g; :g R esonances inclusive jets, A+

inclusive jets, A-

CMS Exotica Physics Group Summary — ICHEP 2014



Searches at the LH

LHC searches for NP right now: Nothing significant found
at present!

However most discoveries start with a hint i.e. less than 3
sigma (standard deviations), or evidence with more than 3
sigma before they become an observation or discovery
(more that 5 sigma, like the Higgs)

Any 2-3 sigma effects are of interest to follow up with

additional data or check with other channels. They will
either grow with luminosity (possible real signal) or get less
significant (statistical fluctuation). But no excitement yet...

Some examples =>» T




More Searches to W

e CMS Prehmmary . 1 9 4 fb (8 TeV)
50 i Data _§
The di-lepton edge analysis (SUS-12-019) : —— Background |

1 oy (data—drlven) =
[ sys. @ Stat.

-

e There is an excess (2.6 o)visible on the low di- 3
lepton invariant mass

SILIICIIIdQI‘l [BAUaN

e Any plausible hypothesis of new physics is not
corroborated by evidence in other channels.

events
no 8 83888358

Data/Bgnd

o

The “electron excess”:
® There is an excess (2.8 0 @2.1 TeV) visible on SN, 14 L L L AL R Ll

o : S ploms  omin ]

the eejj invariant mass in the search for Wy o0 -.ﬁgmma E

. . ‘m'- F —— My, =25 TeV (29) ]

(but not In uujj !) 05102;—? N7 LI My, Ni:;evummsd :
e

* A similar excess is observed in both eejj and
evjj channel in leptoquarks searches
® The correlation between the two is minimal

but has generated a lot of literature:
- http://arxiv.org/pdf/ 1 407.4466v | .pdf
- http:/arxiv.org/pdf/1407.5384v | .pdf
- http://arxiv.org/pdf/1407.6908v | .pdf
- http:/arxiv.org/pdf/ 1408.1082v | .pdf

054, CL limits ]
— OIS e+ vj (Obs) |
vve ONIS o + v (Bxp) |

— CMS evjj {Obs.)
<+ CMS v (Exp)
— CMS e (Obs.)
-+ CMS egj (Exp)

i v




Are we looking at the right place




A Global View!

Model independent search

CMS-EX0-10-021 . : :
*Divide events into exclusive classes
o selected CMS Study deviations from SM predictions
Event . . .
e in a statistical way
IVJ Distributions in each class
control plots data o ? @ > pr - Most general

=] containe ()
A SRR @ M; ' - Good for resonances
) ~— o MET - Escaping particles
AU
024
s ATLAS-CONF-14-006
T I T T T T | T T T T ‘ T T T T

event classes

ATLAS Preliminary Variable: m,,,

w
<]
le+ly | |ly+3jet| |2p+ly §
eee © 10° = IL dt=2031", s =8 TeV o Data 2012 =
c - -
{ki nematiC] % C pseudo-experiments SM-only |
g distributi ons B 7‘ E}including sys. correlations i
E 5 ‘ : ’—pseudo-experiments SM-only
search 10 5_ 1 . ; : not including sys. correlations _E
algorithm = i : ) -
WRTL - ? | | ATLASfor20fbt ]
OO0 sM expectation (kinematic) guantity I § é é ) - N
10 £ : =
: S z
Probability distribution as expected : : S ]

o
—_

for 35 pb! for CMS T B = 'B(p'-v;';je?'
—muons, electrons, photons, (b)jets, MET 1o




How does it feel to be a (BSM) Theorist?l
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Astronomers found

that most of the .
| matter in the Universe

must be invisible Dark }

Matter

Distance




The Generic Dark Matter Connec-

Searches for mono-jets and mono-photons can be used to search for
Dark Matter (DM)

DM Indirect q

DM q

Indirect
Collider

Direct N

Use effective theory

or better simplified g FPhotonHiET 7 Jet4MET u
models to relate

measurements to a;// --- DM " - DM
Dark Matter studies | A~ ~ . -




Mono-object Searches

* Mono-jets: Generally the most powerful
* Mono-photons: First used for dark matter Searches

« Mono-Ws: Distinguish dark matter o |
Effective Field Theories for DM

Couplings to u- and d-type of quarks interpretation are under scrutiny!
] Alternatives such as SMS proposec
« Mono-Zs: Clean signature : 7
« Mono-Tops: Couplings to tons A s aXivi1407.8257
_ _ ' ™ arXiv:1411.0535
° - . - I e i a B
Mono-Higgs: Higgs-portals e S L R A
. Projected90% : ... : -1 '
° H|ggS DecayS? géLglimits1 '-,'__t;'%;osr?g?fb 9q=ou=1 ~ \\-__
1500r  99¢= |DM= v background - ’ 03‘: ........... |
s FLal BN s It
Example Monojets - Somf TN ¢ B
S g : £ 2| | 13
/ » . \-\ Sh L — LHC14:300f67" | | | 4
gray llun 500 \ ) :: I[;K?(? tgr?()]ltr)fb | /I ,':
,u’ Y | 10!t~ =~ v background | _;,"/"..'
________________ __I - :

MET R Tror] heg s T )
Dark Matter? % 2000 4000 6000
Mmed [GeV] Mred [GeV]




ne LHC in 2015 and Beyo




The LHC Sche

LHC roadmap to achieve full potential

. LHC startup, vs 900 GeV

Vs=7+8 TeV, L~6x10®cm?s", bunch spacing 50ns
LS1 \_ Go to design energy, nominal luminosity - Fhase 0

Vs=13~14 TeV, L~1x10*cm®s", bunch spacing 25ns
LS2 \_ Injector + LHC Fhase | upgrade to ultimate design luminosity

Vs=14 TeV, L~2x10*ecm?s", bunch spacing 25ns

183~ HL-LHC Fhase Il upgrade: Interaction Region, crab cavities?

Vs=14 TeV, L~-5x10*cm?s", luminosity levelling

~a3 00 fio?




Physics Program: K

Properties of the new Higgs boson, precise
determination of its characteristics

* High mass reach for new particles and interactions
* Precision measurements
Rare process

1000 ———————
F| ratios of LHC part
1 14 TeV/8 TeVand 33 TeV /8 TeV

luminosity ratio

=
o

WJ. Stirling, private communication

on luminosities:

100 gg—

7~ Xqq
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-
-
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:<elevant for precision and ra[}
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SUSY Prospects @ 2

Expect ~ 10-20 fb!in 2015 & 40 fb1 in 2016 (present guestimates)

Now 2014 2015-2016

§-3 production, §— tt ;"(‘1’ 1 production
"EMS Proliminary = skrodom ] 3 CMS Protminary ] C S t S | : 8 1 3 T V
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~1/fb of 13TeV data surpasses our best gluino limits.
~3/fb of 13TeV data surpasses our sbottom and stop limits.
There will be no relevant SM measurements at 13TeV
by the time we have already stepped well into new territory!!!

95% C.L. upper limit on cross section (pb)
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0.5-1 fb-1 would be enough for first analyses entering new territory
We expect that have such a sample by Summer 2015!!



Summary: The Searches are on! .

The LHC has entered a new territory. The ATLAS and CMS
experiments are heavily engaged in searches for new physics.
The most popular example is SUSY, but many other New
Physics model searches are covered.

No sign of new physics yet in the first 20 fb-! at 8 TeV with the
analyses reported in this lecture.. This starts to cut into the
‘preferred regions’ for a large number of models, like SUSY

More exotic channels are now being covered: monopoles,
fractional or multiple charged particles, long lived particles...
Still many unexplored channels left to explore @

The LHC did its part so far with a great run in 2
Collected about 20 fb-'@ 8 TeV by end of 2012 .
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In 2015 the energy will be 13/14 TeV, excellent
And maybe one day soon:




