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2015 The Year of Light
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The United Nations decided to proclaim 2015 the
International Year of Light and Light based technologies.
1015: Ibn Al-Haytham - the works on optics,

1815: Fresnel - the notion of light as a wave

1865: Maxwell -the electromagnetic theory of light propagation,

1905: Einstein - theory of the photoelectric effect and of the
1915: Einstein - embedding of light in cosmology through
general relativity,

1965: Penzias and Wilson - the discovery of the cosmic
microwave background

1965: Kao - transmission of light in fibres for optical
communication.
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Electroweak Unification

A key feature in the theory of electroweak unification of Salam and Weinberg
(1967) (and earlier work of S. Glashow) was the prediction of the Z boson and
the existence of neutral current interactions.

In 1973, the existence of neutral current interaction was confirmed at CERN.
(In 1974, the Wess-Zumino paper “Supergauge transformations in 4D”) appeared

In 1983, the W and Z particles were discovered at CERN (UA1 and UA2)
then the Higgs boson became the last important missing piece of SM!
Setting the scene for the LHC.
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Physics Outlook: Questions for the LHC

1. SM contains too many apparently arbitrary features - presumably these should
become clearer as we make progress towards a unified theory.

2. Clarify the e-w symmetry breaking sector
SM has an unproven element: the generation of mass
Higgs mechanism ->? or other physics ?

e.g. why M, =0
My, M, ~ 100,000 MeV!

Answer will be found at LHC energies Transparency from the
early 90’s

3. SM gives nonsense at LHC energies

Probability of some processes becomes greater than 1 !l Nature’s slap on the wrist!
Higgs mechanism provides a possible solution

4. ldentify particles that make up Dark Matter

Even if the Higgs boson is found all is not completely well with SM alone:

next question is “Why is (Higgs) mass so low”?

If a new symmetry (Supersymmetry) is the answer, it must show up at O(1TeV)

5. Search for new physics at the TeV scale

SM is logically incomplete — does not incorporate gravity

Superstring theory =>dramatic concepts: supersymmetry , extra space-time
dimensions ? Zumino Memora 4
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SM Higgs Boson as a Physics Benchmark For
N

Detector Design

Natural Width I 0.01 1 10 100 GeV
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Transparency
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Theory does not predict m,
The favourable decay modes change with mass
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The LHC Accelerator and Experiments

Have Performed Exceedingly Well
1LY Wiz /‘_:‘ , O~
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The LHC Accelerator and Experiments

Have Performed Exceedingly Well
2012 || Stable beams 36%

Mode: Proton Physics Data mcluded from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

CMS Integrated Luminosity, pp

Fills: 2469 - 3457 [776 Fills] 25 — 25
SB Time: 73 days 17 hrs 45 mins — 2010, 7 Tev, 442pb
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Inner Tracking

Detectors Calorimeters Muon Detectors Magnets

Pixel scT TRT Z¥ UL SOT Tile MDT RPC CSC TGC Solenoid Toroid
ATLAS
998 996 992 975 992 995 992 994 0988 994 99.1 99.8 99.3
Luminosity weighted relative detector uptime. Used for Physics > 90% of recorded data
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1. Do the experiments perform as designed?
2. Is known physics correctly observed?
3. Then look for new physics

We can only claim signals of new physics after having
made measurements of already known physics that are
consistent with the precise predictions
of the Standard Model.

tsv Apr 2015 Zumino Memorial
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5 1. Performance of the Experiments
50 years of Particle Physics: The First Month at LHC Run |
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2. LHC and Testing QCD

Routinely and successfully analyse physics at the high energy frontier in
terms of quarks and gluons!
Double Differential Di-jet cross section

Asymptotic freedom
Coupling “constants” run

CMS Ry, © 0rg(M,)=0.1148"" %
-0.0023

CMS R,,
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DO angular correlation
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2. Electroweak Physics

[pb]

Production Cross Section, O,
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@ Search for the Higgs boson

CMS Experiment at the LHC, CERN

y
4

Data recorded: 2011—May—/é5 08:00:19.229673 GMT (10:00: 19 CEST)

Run / Event: 165633 / 7§4DID457 i

http: //iguana. cern. ch/ispy
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SM Higgs Boson: Production Cross-section

decay branching fraction

1P
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* Natural Width: I'y; ;,5 ~ few MeV

 The best instrumental mass resolution
achievable is ~1GeV in only two
channels with decay Branching
Fractions:

Integrated Luminosity
~5 fblat Vs=7TeV and ~ 20fb-! at Vs=8TeV
2000 trillion pp collisions examined/Expt
And potentially produced

~ 600k SM Higgs bosons (m,=125 GeV) H—yy is 2 per mille
H—-ZZ — 4l is ~104

tsv Apr 2015 Zumino Memorial 13
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&y H— 2y Channel

CMS Experiment at the LHC, CERN
i Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

450 events
S/B ~ 3%
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@ H— Z2Z® — 2u2e Channel

@ATLAS

EXPERIMENT
http://atlas.ch

H =>2u2e
candidate

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST
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Completing the SM: A Higgs boson is born

Born on the 4t of July 2012 The Sy

Britain's banking scandal spreads

B 5 E cCOnom i St Volkswagen overtakes the rest

A power struggle at the Vatican
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Events/ 2 GeV

Events - Fitted bkg

Situation Today: Higgs boson Decays to bosons

ATLAS: H— 2y Channel

Phys. Rev. D90 (2014) 112015.
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CMS: H—-Z—4l Channel

Phys. Rev. D89 (2014) 092007
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ATLAS 6.2 0 8.1lc

CMS 6.30 6.50
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Situation Today: Higgs boson Decays to Fermions

ATLAS: H— 1t Channel

—e— Data

80 H— tt VBF+Boosted ~ —— H(125) (u=1.4)
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- Others
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40

CMS: H— 11, bb Channels

CMS {s=7TeV,L=5f"Vs=8TeV,L=19-20b"
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arXiv: 1501.04943
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Putting it all together: Signal Strength

Signal strength and comparison to SM Higgs boson: B = O'/O'SM

Assume SM production

CMS: arXiv: 1412.8662

Gombined
w=100+014

Untagged
n=087+0.16

VBF tagged
p=115£027

VH tagged
n=083+035

ttH tagged
n=275+099

19.7fb™ (8 TeV) + 5.1 b (7 TeV)

CMS m, =125 GeV

P, = 0-24

0....

4

3
Best fit GIGSM

CMS

u=1.00+0.14

ATLAS Preliminary _z((iﬁ'ilc.) Total uncertainty
& — “\theory
my=12536GeY | ineoryy ML TCON[ 19778 TeV) + 51157 (7 TeV)
o5 : — -
H - yy 2 o Combined CMS m, = 125 GeV
w=1.17"0280 : : n=100+014
0.25 o i L i Py, =096
H - ZZ* ?‘3«: e H tagged
. +0.40 013 ' L : _>W
e , i n=112+024
H — ww* : I
1= 1,18°024 [0 ' [ H — 77 tagged
< e i 4o i n=1.00+029
H - bb e ;. 5
+0.39 -0 e :
w=0.63" "l ox i ik i H— WW tagged
— o s e 1 =083+021
1= 1.44'042 88 : Lyl
" _0.37 | 040 i HA H— tttagged
H - pp 38 : : n=091+028
p=-0.7%7[% h
-3.7 :; | | H—bb ‘agged
H — Zy 42 ; g p=084+044
» 46|13 . ] PR T RS P BRI
Weel s s 1 i 0 05 1 15 2
: : Best fit o/cy,,
Combined -010 : i
w=1.180 2" : i}
044 | o i H i
| | |
\s=7TeV, 4547 fo" -1 0 1 2 3
\s=8TeV,203f’ Signal strength (u)
ATLAS ATLAS
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CERN Seminar

17 Mar

u=

1.18 £ 0.15
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Putting it all together: Mass and Couplings

M, = 125.09 £ 0.21 (stat) + 0.11 (sys) GeV
arXiv: 1412.8662 ATLAS and CMS: H—yyand H—ZZ0() — 4|

197 o' (8 TeV) + 5.1 fb” (7 TeV)

Q_l | 1TT] I | ||||||| I I ||||||| | I ||||||| """" :
Aad 1 | 't A ATLAS H—yy H—t—e—— — Total
o — ] CMS H-oyy b——e——ii — Stat.
‘5 - |==68% CL 1 ATLAS H—ZZ i — o — — Syst
1L ]
l:"‘f- 10 g - 950;0 CL § CMS H—=ZZ =il —t—e—t—
L [---SM Higgs e
B 1  ATLAS+CMS yy bt
ol _
1 D = 3 ATLAS+CMS i ATL.ATS and CMS
= 3 e preliminary
:“ | ATLAS+CMS yy+ini o LHC Run 1
10°L M,e) fit | _ 1235 124 1345 125 1555 126 1565 127 1575 s
= = g0, oL | C m,, [GeV]
u o 7
— QLo ] )
10¢ | | 5% Cll‘ ] Moriond 2015
0.1 1 10 100 17 March

Particle mass (GeV)
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Properties: Spin-Parity — 0* Favoured

CMS: H—»Z—4l Channel
ATLAS
CcMsS (s=7TeV,L=5.11" [s=8TeV,L=19.7 it
H- vy e Data AR B B BN BN BN
\s=8TeV [Ldt=20.7 b C ' i
. v CL, expected 0.1 _
Ho 77" >4 assuming JP=0" - ]
‘||s=7Te\z"JLd1=4‘6fb1 OD+1c ~ —CMS data 7
\s=8TeV [Ldt=20.7 b’ 2 008 B N
] : c UL 1
:::sg\ﬁ Ldt_=) 2?3 fz-/‘wev Alternative .E i % CMS data i
~ 1F | hypotheses | g 0.06 |- .
IO | disfavoured i x i )
N Aatse7.8%cl | 2 i :
o | ; - S 0.04 - N
B T e e o) L ]
K e % 0.02 - -
107k (SRS E——— 5 r s
10-4 = : _; 0 e A/ |
N . — 140 80 -20 -10 O 10 20 30
10°F 5 . -2xIn(C /L)
10— S - All alternative spin-1 (spin-2)
Jr=0 Jr=1n Jhe1 Jh=2 hypotheses tested are excluded at
ATLAS: PLB726(2013)120 99% (95%) CL or higher
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What about new physics?

In a world of a SM Higgs boson, is there any
room for new physics?

We believe there must be new physics

Some real and some virtual reasons to believe
IN new physics

Real reasons: dark matter & v masses
Virtual reasons: naturalness

tsv Apr 2015 Zumino Memorial 23
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Physics Outlook: Questions for the LHC

1. SM contains too many apparently arbitrary features - presumably these should
become clearer as we make progress towards a unified theory.

2. Clarify the e-w symmetry breaking sector
SM has an unproven element: the generation of mass
Higgs mechanism ->? or other physics ?

e.g. why M, =0
My, M, ~ 100,000 MeV!

Answer will be found at LHC energies Transparency from the
early 90’s

3. SM gives nonsense at LHC energies

Probability of some processes becomes greater than 1 !l Nature’s slap on the wrist!
Higgs mechanism provides a possible solution

4. ldentify particles that make up Dark Matter

Even if the Higgs boson is found all is not completely well with SM alone:

next question is “Why is (Higgs) mass so low”?

If a new symmetry (Supersymmetry) is the answer, it must show up at O(1TeV)

5. Search for new physics at the TeV scale

SM is logically incomplete — does not incorporate gravity

Superstring theory s>dramatic concepts: supersymmetry , extra space-time
dimensions ? Zumino Memora 2
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Should we really expect new physics ?

Ample observational evidence for physics Beyond the SM.

Neutrino masses (oscillations), dark matter, matter-antimatter asymmetry, (Low
Higgs boson mass?)

Previously theory “always” showed a nearby new physics scale

Next scale could be anywhere between 1 TeV and very high scale (1012-10%°
GeV)

The new physics scale can be much lower than the scale A that we measure
through precision physics

Flavour violation 1-10°>TeV

EDMs 1—-100 TeV

Neutrino masses 1-10%2 TeV

Precision BEH boson physics is particularly interesting and promising:

This is a new world.
Excellent portal to new physics.

tsv Apr 2015 Zumino Memorial 26
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~—~  How can the mass of Higgs boson beranything

e
small?

It should “resist” itself (since it couples to mass, it should couple to itself as well)
Then it's mass should be “almost infinite” through quantum corrections.

/.\:f1 A=112 O J=0
mz(p2)=m02+ P O ! U !

M, *> —> M, ? (bare) + c A (quadratic divergence in the mass!)
A is the scale of the underlying theory (could be Mg ~ 10 GeV !)
Requires incredibly unnatural fine tuning to keep M, small !!

What can be done ?

Lssg does not contain an elementary Higgs boson (now unlikely)

OR

Somehow cancel quadratic divergences (invoke another symmetry — SUSY?)
OR

Accept fine tuning!

tsv Apr 2015 Zumino Memorial 27



Imperial College
London

Features of Supersymmetry

M. =1037=0840.4GaV

tsv Apr 2015

I 1T 11 | | L]
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SUPERSYMMETRY

FLHEEF}

1075

S

My =10159:0.2401GeV

Supersymmetry can play an important role in:
Grand unification (strong + EW forces)
Proton decay

Heirarchy problem - why is the Higgs mass
So low

Candidate for dark matter - lightest neutral
sparticle

String theory requires supersymmetry
(towards reconciling gravity and QM)

Is SUSY expected to do too much?

Zumino Memorial 28
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SUSY “production”
b/t
_____ | Direct
Strong
---- X7 3rd Gen.
b/t

o, [pbl: pp = SUSY

2
10 <
Electroweak-ino

200 400 600 800 1000 1200 1400 1600
m [GeV]

average
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Experimentally: signatures

* Ry conservation:
— Stable LSP, weakly interacting, “missing transverse energy” (E;™ss)
— Mostly strong production — rich cascades; many jets, a few leptons
— When going after the stop: b-tagging
* R violation:
— The dreaded possibility (harder, except in corners of possibility space)

— Hadronic modes: to first order, no ME; (very hard); Leptonic modes
more promising

— Strong production, but several interesting new EWK-ino production
mechanisms; even more jets and leptons

* Prompted by R violation, but still possible with Ry
conservation: exotic SUSY particles
— Long-lived particles (some are even “stable”)

P. Sphicas, Latsis Symposium 2013

oV APT 201D Zumino Memorial 30
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What it [could look/looks?] like. Spectacular!

Jet pT: 393 GeV|

Jet pT: 57 GeV
Jel pT. 214 GeV
Jet pT: 34 GeV 4
¥ [MHT = 693 GeV
HT =1132 GeV
MHT: 693 GeV
Meff = MHT+HT = 1.83 TeV

tsv Apr 2015 Zumino Memorial 31
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The challenge from the Standard Model

« Understatement: the problem with jets — the huge production rate

tsv Apr 2015
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& What we have been looking for

MS Expenment at LHC, CERN i
CMS Expement st LHC.CERN _ +  HT=1009 GeV

Lumi section. 385
Obit'Crossing 100914568 / 2074

Jet pT = 168 GeV
b-tagged jet

Jet pT = 268 GeV

Jet pT =302 GeV
b-tagged jet

v
¥
V 4
\1 ’/ o -
» . g | 8]
//Jl o H
"

\ A v
P N S »
elpl = e

! -
* &

Jet 0, pt: 340.9 GeV

Jet pT =167 GeV
b-tagged jet

MET = 269 GeV
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What we have found

CMS Expenment at LHC, CERN =3
orded. Wed Jun 13 21:51:64 2012 POT HT = 1009 GeV
196250 7 615309469

385

ng 1009145658 / 2074

Jet pT = 168 GeV
b-tagged jet

Jet pT = 268 GeV

Jet pT =302 GeV
b-tagged jet

R ’/. |

l'. ‘
= s 7 s |
L ¢ 7
P Jet 2, pt: 78.9 GeV
Jet pT = 104 GeV 4 &
! >
> &

t: 340. Y]
Jetbpraesce

Jet pT =167 GeV
b-tagged jet

MET = 269 GeV

Explainable in terms of:
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Understand SM Backgrounds: W/Z+jets; ttbar

Standard Model Production Cross Section Measurements Status: March 2014

r— 4 -
-8- 10 E njet =0 é
s — , s .
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: 461 SO 2031 95% CL 3
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R, Conservation: Simplified Model Spectra

CMSSM

Pair Production

86% of all hadronic
production in LM1 consists
of “simple” decay chains.

This makes it particularly
amenable to being
approximated well with a
3-particle OSET.

%0 4
Simplified Model Spectrum (SMS)
with 3 particles, 2 decay modes

tsv Apr 2015 Zumino Memorial
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What we put in:

much simpler...

100%
(= u)
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@) ATLAS: R, Conservation: 0- and 1-lepton+Jets+MET

JHEP 09 (2014) 176

3-0 — qaaaWWZ, %, x=1/2

I I | I | | | | I I | I | I I, I I I I I I I I =

i Observed lmit (£10).., .~ ATLAS Preliminary -
- - - Expected limit (+10,,,) @}/f OL + 1L combination
e :
——— 1-lepton alone 6\@[’ _ 's=8 TeV, 20 fb™
—— O-lepton alone Softer jets/leptons

Smaller MET

All limits at 95% CL

Gain by combining
0- and -lepton

400 600 800 1000 1200 1400
m(g) [GeV]
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@) CMS: R, Conservation: (SFOS) di-lepton+Jets+MET

o7

“Fixed” edge b

CMS . r 19.4 fb™ (8 TeV) CMS . | 19.4 fb” (8 TeV)
% B ' ' o 'Data ! ' I % R ' " e 'Daa ' ' I
G 550l 7] DY+jets (eeup) 4 Oosol [ DY+jets (ee,un) _
f i [ ] DY+jets (o) | _lf)__ i [ ] DY+4ets () |
@ [ ] wwwzzz [ [ Jwwwzzz

§200m o 1 5200 . i 7
S ¢ EEE snge 12 — :
150 B Other SM — 150 I Other SM .

I my = 225 GeV m., = 150 GeV Mg = 225 GeV m,, = 150 GeV

FRY o I m,=400GeVm.=150Gev | [ m. = 400 GeV m-, = 150 GeV
100 o=t % - 100 > _

" et mg = 350 GeV m_, = 275 GeV mg = 350 GeV m_, = 275 GeV
: Central signal region | Central signal region
4 €e+up - 50 eu —

50 100 150 200 250 300 50 100 150 200 250 300
m, [GeV] m, [GeV]
Low-mass On-Z High-mass
Central Forward Central Forward Central Forward

Observed 860 163 487 170 818 368
Flavor-symmetric 72212729 155x13£10 | 355%x19+14 131 +12x8 | 768 £28+31 430+£22%27
Drell-Yan 82+26 25x1.0 116 £21 42+9 25x0.8 1104
Total estimated 73040 1658 £ 16 471 £ 32 173 £ 17 771142 431 35
Observed —estimated 130755 5730 16737 —3+% 473 —62737
Significance 260 030 040 <01¢ 09¢ <01¢

arxXiv:1502.06031
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To be followed in Run 2!
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CMS: Ry Conservation: (SFOS) di-lepton+Jets+MET

CMS

194 b7 (8 TeV)

- Fixed edge, Am =70 GeV
L Observed

600 - Observed + theory
— = Expected

------ Expected ¥y exp.
------ Expected £20 exp.

m("xg} [GeV]

?DD_LI|||||||||||||||||||||||

“Fixed” edge

arxXiv:1502.06031
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95% CL cross section upper limit [pb]

m(z)) [GeV]

CMS 19.4 b7 (8 TeV)
- — U L RN A L A N RN R R EE EE ) =10 —
|nterpretatlon > [ 95%CLCLsNLO Exclusions 19 2
(5 1200FPP =889 24 x0»2G L 41 =
simplifed models o [ moenedimi s oy, T4 2
% muﬂ‘_....ExpectedIim'rt,i1ﬁe,p_ J=1 O
p ; E . 11 E
Slepton” edge 33 soo- e 14 =
C 4 ] 410" @
C s 137 2
600— // - 1 %
-, ]
- / _ - 6'
= / - 2
400 - 310
4 13 R
i 11 w
200— . — 4 Sl
I_IIIIIIIIIIIIIIIlIIIIlIf” Illlllllllllllllllli. 10—3
400 500 600 700 800 900 1000110012001300
CMS 19415 (8 ToV) gluino mass [GeV]
LI LI LI T I-I T L — q
7001 giepion model, m(;r;flj 100 GeV I ‘é q
B Chserved 1 E Y g &
[ Observed g th E -~
GO T Teenee o e ,SE%Z
I Expected +y exp. e 7 < )Sl-‘\’:{uéz
500~ Expected £2g exp. > , 9
¥ 5 | GMSB | q
C 5 q
400[ ]
N 10—1 é
300~ b
C &
C &2
200 &

200 300

-

400 500 600 700

m(b) [GeV]

To be followed in Run 2!




Imperial College
London

ATLAS: Ry Conservation: (SFOS) di-Iepton+Jets+MlT

arXiv:1503.03290

EmISS

Data: 16

Electron

Bkegd: 4.241.6
p-value: 3.00

Muon

30

Data: 13

combined | Bkegd: 6.44+2.2

—
.p..

._ s=8TeV, 203"
| SR-Z ee

Events / 2.5 GeV
3 B

I|III|III|III|III|III|III|III|III|III|I
- ATLAS Preliminary 222 Standard Model

] Flavour Symmetric
[] Other Backgrounds -

o (@) $1=(900,600)GeV

SR-Z
(Hr > 600 GeV)

—a— Data

mig) u=(700,200)GeV_

Y
Nl'

—_
[

Events / 2.5 GeV

p-value: 1.70

C —&— Daia
ATLAS Preliminary %% Standard Model |
| s—8TeV,203fb" [ Flavour Symmetric
o [ Other Backgrounds |
—SR-Zpyp mighu=(700,200)GeV |
. o M{G)41=(900,600)GeV
8 -

S 8284 86 83 90 92 94 9 98 100 %2784 86 88 00 02 94 96 98 100
m, [GeV] m, [GeV]
150 GeV = i Signal region: H;>600 GeV, MET>225 GeV
i
15GeV B1GaV 101 GeV m

LSV ApPr 2ulo
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R, Conservation: (SFOS) di-lepton + Jets + MET

arXiv:1503.03290

0
-
c
Q
>
L

10

10°

- wa) I'llalu:.l
L= S N

obs
ro

(N

EIT'NEE
(Hr > 600 GeV)
25GeV
VRT VRT
(Hr>500 GeV) (Hr > 500 GeV)
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ey o
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Z-mass side band | Z-mass window :l Other Backgrounds
b7 Total SM
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: Considerable ingenuity in developing new
%

methods; e.g. event-topology variables

13 - ” 8wl ' ems 2ues )
(X.T ( QCD klller ) 21057 det=35pb'1,\1§=7TeV MTZ’ etC — extenS|0nS from
a = Lr () — L W—ev decays; TWO LSPs
T , W,

M (o) o =

Signal: M{,~MET

f }
E,(J,) J2(1- cosD " Q ’
r\J1 ( / ) 107 :\‘E\~ Bkg MT2~0
0 0.25 0.5 0.75 1 1.25 1.5 Mis_measured.
Mr,<ME;
S ) @
=i o ()]

Razor (hunt
for mass bump) I o 106 phz Analysis CMS-|5=7TEVAI;;4‘73fb

PN £ s =
10* CMS\E=7 TeV —~DATA 3 B o
M’}{ 3 m’ I =0 ] _
— g ’ — W+jets E
— E=e 1
M R E:; 107y —T:ijﬂt;( 3
£ ] S LMO 3
@D 10 [_ s S S N i
: B/ e 1 E
For yoy—1; Mg—>M, T N =
M:R has endpoint: MA &5 e

3 HEH I A S R
100 200 300 400 5300 o600 700 800

My = Mgg2-M,2/Mg, .

Data / MC

[gll AP ZU1o
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R, Conservation: Summary of inclusive searches

MSUGRA/CMSSM: tan(p) = 30, A0 =-2my, 1 >0 Status: ICHEP 2014
;-1000_| L L I L L L L B B
8 T AN ‘-——--, _ 95% CL limits. ctShUSY not included. —
= —LSP A ]
N C ATLAS \Prellmlnary -~ Expected 0 janton 2.6 jets ]
e 900 — J- Lt — 201 - \20 7t Is—8TeV mem Observed  arXiv: 1405.7875 —
C \ == Expected g jopton, 7-10 jets -
| \ me= Observed  grxiv: 1308.1841 —
- == Bxpected 1 jopion, 3 b-jets —
800 = ™\ M(sQuark) 1800 Gey === v 14070600 —
C =~ Bxpected 4 janton + jets + MET _]
C \ T e Observed A7 AS-CONF-2013-062 _|
— v == Brpected 4 5 taus + 0-1 lept. + jets + MET —
700 — ‘,\ —CE)bser"e: arXiv: 1407.0603 —
E ' xpected 5953 Jeptons, 0 - > 3 b-jets _
- ! Observed ;. 1404.5500 ) _
C \ ]
600 |— L —

500 —

400 —

300 —

—

0
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Do [should] we still believe in SUSY

P. Sphicas, Latsis Symposium 2013

1. SUSY no-lose theorem: so many new parameters

(Nyssm = Ngy + 105) that it can never be declared dead (even the
CMSSM); unless naturalness arguments used

2. Can it be that nature has missed opportunity to solve three major pending issues
(M,,; Dark Matter; couplings) in one swoop?
— Three goods for the price of two [one new principle (B—~F; F—»B) and one
unknown symmetry-breaking mechanism]

3. Alternative theories solve only one or two of these issues — so it allows
consideration of less “powerful” versions of SUSY

As long as it solves the naturalness issue (which conveniently implies weak-
scale SUSY)

« Assuming it’s there, but it has escaped. How?
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Natural relationship between Higgs & SUSY

* Previous limits not applicable when ME+ is small
(Compressed spectra; Ry violation?!?)

« Other signatures that would have (easily!) escaped?
« A light top squark (stop) would suffice!

: ) L
Natural Susy L5
2 . : = @1z, ?".112.’.({1_'2.
my, ~ (125 GeV)? ; w TIziziiiiiic
Tree w? Higgsinos E ----- br
~ 200 GeV ~ :
A g
', \\
1 loop o Q SR W Top Squarks 3 ) :
____________ tr, tr
t ~ 500 GeV i BL ............ E
L H
2| gé;;%g Gluinos :
S S e natural SUSY . decoupled SUSY

* Previous limits not applicable, due to (expected) different
decays of the stop
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R, Conservation: Direct stop search

* Top squark decays: in large region, ~ “top+ME;"

m < m{(W) m(W) < Am < m(t)

Am = m(f) - m(x°)

Am =>m(l)

0 m(W)

P. Sphic¢&sYt atsis Symposium 2013

m(t) [GeV]’
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200

100

-
-
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masses above 300 GeV!!!

: ]
II|IIII|IIII|II ||'IIIIII

300 400 500 600 700 800 .
stopmass [GeV]  nomemariar LO LFIQQEr the events.

- Analyses mainly rely on ISR

49

b/t b
w 1,1, production, ;- b F I T> ¢ T, /> Wb /Tt T Status: Feb 2015
pr—— p = ;‘ 600 | L L) I I l L I L L I LI I T 17T 177 I T T
b/t » fi’ t , ey ff 8 - ATLAS Preliminary L,=201b" s=8TeV L, =47f" s=7TeV
R o X1 = N EL" t i‘; oL [1406.1122] 0L [1208.1447] :
- Py 13 oty 1L [1407.0583) 1L [1208.2590]
,,h = ~0) ™ - _1[_ ~0 e 500 __ -L—NilJ " 2L [1403.4853], 2L [1412.4742) 2L (1200.4186] —_
b//é" Xl - X]. B .- W__o X 1L [1407.0583), 2L [1403.4853) . i
—— Etocy oL {1407.0608)
r t W | =- ':—’ bit Z, 0L [1407.0608], 1L [1407.0583] ]
= 40 =
400+— -7
b/t b - = Observed limits === Expected limits <,
0 0 [ Alllimits at 95% CL
t-t production, t—=1t% /c¥ .
— 700 1 1 300—
% _|IIIIIIII|IIII|IIII|IIII|IIII|IIIIII_ -
S I CMS Preliminary — Observed . B .
2 600a — — - —]
g :'v@ =8 TeV -~ Expected ] 200|- g -
« [ ICHEP 2014 - : N\ ]
9 500 |-~ SUS-13-011 1-lep (MVA) 19.5 fb™* ] ~ 8 ]
[ = SUS-14-011 O-lep + 1-lep + 2-lep (Razor) 19.3 fb™ ] 100 A ' \ |
s §US-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb b |
400 | = SUS-13-009 (monojet stop) 19.7 it (T~ ¢ 5 ) | 3 [ ]
= SUS-13-015 (hadronic stop) 19.4 fb™ A -
PN | L
300 //@f}t 300 400 500 600 700
S e m; [GeV]

- In the gaps, even after significant effort
we are still not able to go beyond stop



Ry violating SUSY

wU.D D,

ijk

AL=A LLE + A

ijk ijk

LQD + A



Imperial College
London

A test of RPV: with hadrons only

Hard... gluino - multi- jets (no MET)
— Search for excess in

= 0,7 jets or large total (Fat-)jet mass
Gluino excluded <900 GeV.

> T T T T T | T T T T | T T T T I T T T T
4
©® 10 SN 3. Jet Template, Data N L
O 1 g-g production, g— qa . ¥, — 499
o —e— 4-Jet Sample Data, SR ] ; T T | T 1 4 L L L
Tp) 1 03 e Uncertalntles I 8 | "t g@:ﬁeﬂ Jet Counting, No B-tags o
~ 3
42 NFe] m =800, 175 GeV ] s | eeeee Expected Total ot Mass |
G>.) 1 02 \\\ ATLAS E = | === g’épeme{:’ Jet Counting, With B- tags |
3D ] serve e
u \\ ts=8TeV, 20317 1000 Vs=8TeV,20.31b" . ATLAS -
10 4iSR, p > 250 GeV &
E L Al limits at 95% CL P |
W \)(\0
\ : ) i
3 e QT mmaaaL,
9 B 9 “O\bé 003 .‘o : 7]
(_U NANRNYN RRVRNFN NNNN A/IO\&J‘"\ "-.‘ X :
g— . T | T T 1T | T T T 1T 9 Q}@\\)’D- ¥ :'
s 500 : -
— ) I 1
2 o ;
_9 00 I I | 1 L1 IR B R I I | X1 0 B N
T 0 0.2 0.5 0.8 1 1.2 I i
o

arXiv:1502.05686

Total Jet Mass [GeV] - o [

_ _ 400 600 800 1000 1200 1400
Zumino Memorial m§ [GeV]
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Summary of RPV (with leptons) (e.g. CI-

Summary of CMS RPV SUSY Results*

fdh b

. 1%
?4% ."m
uﬂ-'dhf b
E-mlu J'Iﬂ'
Amedbt A
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?_ B
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A dizzying exclusion map

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model &ps T,y Jets ET [Ldiqm) Mass limit Reference
MSUGRA/CMSSM 0 2-6jels  Yes 20.3 2 1.7TeV m(g=m(z) 1405.7875
G, §—qt) 0 26jets Yes 203 |¢ 850 GeV m(¥})=0 GeV, m(1* gen. q)=m(2* gen. g) 1405.7875
@ gy, 4—q¥) (compressed) 1y o-1jet  Yes 203 |§ 250 GeV m(g)-miF) = m(c) 1411.1559
S & i 0 26jels  Yes 203 |2 1.33 TeV miE)=0 GeV 14057875
§ et —ggWER tep  36jels  Yes 20 |z 1.2TeV miE <300 GeY, m(F*)=0.5(miE)+m(@) 1501.03555
0 EE Eoqqelitv/yni 2e.p 0-3jets - 20 |& 1.32 TeV miel)=0 Gev 1501.03555
o GMSB (7 NLSP) 1-271+0-1¢ 0-2jets  Yes 20.3 g 1.6 TeV tang >20 1407.0603
g, GGM (bino NLSP) 2y - Yes 203 |E& 1.28 TeV mi¥!)=50 GeV ATLAS-CONF-2014-001
S GGM (wino NLSP) Tepu+y - Yes 4.8 m(¥1)>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 m(i))>220 GeV 1211.1167
GGM (higgsino NLSP) 2¢,u(Z) 03jels  Yes 58 E m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 FU% scale 865 GeV m(G)=>1.8 x 107 eV, m(g)=m(g)=1.5TeV 1502.01518
S5 G—bbt) 0 3b Yes 201 g 1.25 TeV m(F1)<400 GeV 1407.0600
gs a1t 0 7-10jels  Yes 203 |& 1.1 TeV m(F]) <350 GeV 1308.1841
= Eo g_),z:if_‘,’ 0-1 e, 3b Yes 201 |E& 1.34 TeV m(¥])<400 GeV 1407.0600
) bk} 0-1epu 3k Yes 201 z 1.3 TeV m(¥1)<300 GeV 1407.0600
= bbb —-M] 0 2b Yes 201 |By 100-620 GeV m(¥1)<90 GeV 1308.2631
% S bbb ﬁlﬂ] 2e,u(SS) 03b Yes 203 | B 275-440 GeV miE)=2 m{i]) 1404.2500
g‘-_-—,‘ 71, fi—biy i 1-2ep 1-2b Yes 4.7 i, 110-167 GeV m(t) = 2m(¥]), m(¥])=55 Gev 1209.2102, 1407.0583
@ 'g 0, ,ﬂw;,xl or 1¥) 2e.u 0-2jels  Yes 20.3 i 90-191 GeV 215-530 GeV mii])=1 Gev 1403.4853, 1412.4742
€ 8 i, ik 0-1ep 1-25h Yes 20 i 210-640 GeV m(i})=1 GeV 1407.0583,1406.1122
‘é.’,g Aif1, okt 0 monojetictag Yes 203 | & 90-240 GeV m(7,)-m(i))<85 GeV 1407.0608
T & 1fi(natural GMSB) 2e,u(Z) 1h Yes 203 | 150-580 GeV m(P])=150 Gev 14035222
08 bp, o+ Z Sep(d 16 Yes 203 |@ 290-600 GeV. miF1<200 GeV 14085222
LRl R, Pt 2ep 0 Yes 203 |# 90-325 GeV m())=0 GeV 1403.5294
TR, E =) 2e.u 0 Yes 203 |k} 140-465 GeV miE!)=0 GeV, m{Z, 7)=0.5(m(¥} )+m(¥})) 1403.5294
5 A x. B ey 27 - Yes 203 X} 100-350 GeV miF})=0 GeV, m(z, #)=0.5(m(¥] }+m(i})) 1407.0350
E § e quf(W) ERPLEGY) Bep 0 Yes 203 |KLE 700 GeV m(F} )=m(i3), m(E))=0, m(Z. 7)=0.5(m(¥} }em(i})) 1402.7029
© xlj‘,’_,wX] z\'L 23eu  O2jels  Yes 203 |XLE 420 GeV m(Es )=m(3), m{T}}=0, sleptons decoupled | 1403.5294,1402.7029
H— W BT, hobb/WWit/yy @MY 02h  Yes 203 |AjA) 250 GeV M )=m(¥), m(¥})=0, sleptons decoupled 1501.07110
R, B0 et dep 0 Yes 203 |3, 620 GeV mEE)=m(El), m{E})=0, m(Z. 7)=0.5(m(E%)+m(¥})) 1405.5086
Direct ¥1 ¥ prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m;)-mii})=160 MeV, 7(i})=0.2 ns 1310.3675
g a Stable, stopped g R-hadron 0 1-5jets  Yes 279 I3 832 GeV m(¥))=100 GeV, 10 ps<r(#)<1000 s 13106584
=G Stable g R-hadron r - - 191 |2 1.27 TeV 1411.6795
DT GMSB, stable 7, 1| (@ i)+ (e ) 120 - - 191 | &) 537 GeV 10<tang<50 14116795
= 3 Gwmss, K9G, long-lived &) 2y - Yes 203 | 435 GeV 2<r()<3 ns, SPS8 model 1409.5542
33, | —qqu (RPV) 1u displvix - - 203 |4 1.0 TeV 1.5 <c7<156 mm, BR(u)=1, m(F})=108 GeV | ATLAS-CONF-2013-092
LFV pp—ir + X, vr—e(u) + 7 Tepu+t - - 4.6 A;y,=0.10, dyizps; 1212.1272
~  Bilinear RPV CMSSM 2¢u(SS) 08bh Yes 203 |@# 1.35 TeV m(g)=m(g), crisp<1 mm 1404.2500
O R W et eut, dep - Yes 203 | 750 GeV ME)=0.2xm(F ), Ay £0 1405.5086
= B sWE B st erv, Bep+T - Yes 203 | A 450 GeV m{F})=0.2xm(F} ), 413520 1405.5086
&—q99 0 6-7 jets - 203 | & 916 GeV R(1)=BR{b)=BR(c)=0% ATLAS-CONF-2013-091
g1, [ —bs 2e,u(SS) 03h Yes 20.3 I3 850 GeV 1404.250
Other Scalar charm, ¢! 2¢ Yes 203 |@ 490 GeV | m{})<200 GeV 1501.01325
8 TeV -1
R - AL 1 Mass scale V]
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*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.
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LHCDb and Rare Decays

é - e Tagged mixed
; ] o Tagged unmixed
= 400F N Fit mixed
7)) B &,
% a LY Fit unmixed
=
= [ ; &,
5 200 34k B;>Dgnt decays N P
i P
B;- B, oscillation frequency
i o,~45fs
O ] 1 1 1 1 ] 1 I I 1 1 1 1 1
0 1 2 3 4
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decay time [ps.

Amg = 17.768+0.023(stat)£0.006(syst) ps
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Supersymmetry and Rare B Decays: B — pu

* z °H%h°.
t,c,u d
s(d) L s(d) p W‘ ~0

Sensitive to New PhySICS, can be strongly enhanced in SUSY with scalar H exchange
Sensitive probe for MSSM with large tan3: B(Bg—p*u?) ~ tanf °/ M,*

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
1985 1990 1995 2000 2005 201 0 2015
Year

E = ]

e 10— : —=

(0} = = =

In Standard Model: > 05L .
2 = M =

o _ = o ® =

9 € 10°= T =

B(B4— M M) =(0.10 £ 0.01)x10~ = = ® :
5 107 e O]

O [ . ARGUS ] BABAR o *%e ., =

- . .

B(B, — U M) = (3.2 £ 0.2)x10-9 R otoegroe  om bt el
3 _ 4 ¢ cOF « CMS SM-BY — u'ur ¥ =

[A.J.Buras: arXiv:1012.1447] = 104 v L T
e 10 12 - SM: B? — u*u .

m 107 E T
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Observation of

Bs
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To be followed in Run 2!
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Another dizzying exclusion map

LQ1(e]) x2
LQ1(e))+La1{vj)
LQ2(uj) x2
LQ2(uj)+LQ2(vj)
LQ3(vb) x2
LQ3(th) x2
LQ3(tt) x2

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(j), k=0.1
RS1(WW—+4j), k=0.1
RS1(ZZ—+4j), k=0.1
bulk RS(ZZ ~1ljj), k=0.5

SSM Z'(t7)
SSM Z'(j)

SSM Z'(ob)

SSM Z'(ee)+Z' ()
SSM W'(j)

SSM W'(Iv)

SSM W'(WZ —Ivll)
SSM W'(WZ—4j)
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b (M=
o
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q
g
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colaron(jj) x2
coloron(4j) x2
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stopped gluino (cloud)
stopped stop (cloud)

HSCP gluino (cloud Long-Lived
Leptoquarks HSGP stop (doud) P ?f |
q=2/3e HSGP arficies
q=3e HSGP
neutraling, ctau=25cm, ECAL time
0 | 2 3 a 0 1

J+MET, SI DM=100 GeV, A [
J+MET, SD DM=100 GeV, A
y+MET, SI DM=100 GeV, A
y+MET, SD DM=100 GeV, A
I+MET, &=+41, S| DM=100 GeV, A
[+MET, &=+1, SD DM=100 GeV, A
[+MET, £€=-1, 51 DM=100 GeV, A
4+MET, &=-1, 5D DM=100 GeV, A

Compositeness

dijets, A+ LL/RR
dijets. A= LL/BR
dimuons, A+ LLIM
dimuons, A- LLIM
single e, A HACM
single p, A HRCM
inclusive jets, A+
inclusive jets, A

Excited

ADD (yy), nED=4, M5
ADD (ee,uy), NED=4, M5
ADD (j+MET), nED=4, MD
ADD (y+MET), nED=4, MD

QBEH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
Jet Extinction Scale

String Scale {jj)

Fermions

Large Extra
Dimensions

Multijet

o

2 5]

CMS Preliminary

Resonances
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An amazing three years

CMS Integrated Luminosity, pp

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

15

10

Total Integrated Luminosity (fb™)

= 100

2010, 7 TeV, 44.2 ph™*

mss 2011, 7 TeV, 6.1 !

mm 7012, 8 TeV, 23.3 ™!
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LHC roadmap to achieve full potential

Last@ipdate@December2013

2009 LHC startup, Vs 900 GeV
2010
2011 Vs=7+8 TeV, L~6x10*cm?s?, bunch spacing 50ns Run 1
2012 ~25 fb*
2013

LS1 Go to design energy, nominal luminosity - Phase 0

2014
2015

2016 Vs=13~14 TeV, L~1x10*cm?s?, bunch spacing 25ns Run 2

~75-100 fb*

2017
2018
2019 Injector + LHC Phase | upgrade to ultimate design luminosity
2020

2021 Vs=14 TeV, L~2x10*cm?s?, bunch spacing 25ns Run 3

~350 fb™

2022

2023
o024 LS3 HL-LHC Phase Il upgrade: Interaction Region, crab cavities?
2025

=14 TeV, L~5x10*cm=3s?, luminosity levellin
2035?. Vs eV, L~5x10*cm?s?, luminosity levelling

Fundipp 20émorial 60




14 TeV vs 8 TeV — Gain Factors

Use parton luminosities to illustrate the gain of 14 vs 8 TeV

Higgs:
pp 2 H, H>WW, ZZ and vy
mainly gg: Factor ~2

SUSY — 311 Generation:
Mass scale ~ 500 GeV
qq and gg: Factor ~ 8

SUSY - Squarks/Gluino:
Mass scale ~ 2.0 TeV
dq,99,q9: Factor ~300

y Al
Mass scale ~ 5 TeV
qq: Factor ~1000

O. Buchmuller

J. Stirling
1000 T T T T SuUsY
F ratios of LHC parton luminosities: Squislzrkglflbino
- 14 TeV /8 TeVand 33 TeV /8 TeV oe | >
' I
— i
o 100k ____gg_ |y
© aq ! :
= ; 1}
D SUSY I
8 3 Gen 1
= ~500 GeV I
E 1ot - P N B
= ¥ Higgs -7 # 1] ]
L 125GeV '~ L7 [
L I}
1
________ : 1]
= L L Msmwedodnio.
10 100 1000
M, (GeV)

For the searches increase in energy will help a lot!
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Restarting the LHC at 13 TeV

Controls
Jan maintenance Feb Mar
Wk 1 2 3 4 5 6 7 8 9 10 11 12 13
MO 28 12 19 26 2 g 168 23 2 8 16 23
Tu
We E
Th Powering tests é
Fr Sector E
test =
Sa 23 =
Integrated luminosity goal:
2015 : 10 fb-l bbing for 50 ns
operation
At Run 2: ~100-120 fb
Wk 14 15 1 24 25 26
Mo ap EasterMon g Run 2 + Run 3: 300 fb-l bEfore LSB ] 15 22
Tu i
We T51
Th Recommissioning with §
Fr G.F beam 15t May .5% Intensity ramp-up | |
I with 50 ns beam
Sa :%
Su
tsv Apr 2015 Zumino Memorial 62
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Looking Ahead to Phase 1
Runs 2 and 3
« Conduct detailed studies of the properties of the found Higgs
boson. Run Il will produce > 5M Higgs bosons
« Search for exotic decays of Higgs boson?
:5&,1 Exp. Ky KW Kz Kg Kp Kt KT
| ATLAS | [813] | [6,8] | [7,8] | I8, 11] N/a [20,22] | [13,18]
;g;jl CMS [5, 71 [4,6] | [4,6] [6, 8] [10, 13] | [14, 15] [6, 8]
I "« Couplings Precision ~ 5-15% 300 fb-L
== .. s Search for new physics: resonances, supersymmetry, exotica, yet

l unknown.

It is conceivable that we find new heavy particle(s) in Phase 1.

 Look for deviations from the standard model — precision SM
measurements (e.g. tens of millions of top pairs produced/yr)

tsv Apr 2015 Zumino Memorial 63
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G- — 9aaqWWZ X, x=Am(X_ X.)/AM@G¥,)=1/2, m(z,)=25GeV

Q” .
> ATLAS Simulation Preliminary Discovery Reach, 1-Iepton+jets+E;“'Ss
2 --100
R e R o R T 16
a
------------------------- 20
e 3¢
- e o e e 4 o
10 i 9 Is= 13 TeV, AB/B=25 %
(o S 11b!
S 00| —e—21b"
107 S @ 5 b
58'TeV520fb4(95%6(3LmB) )
10'8 1 | | | L::I | | I:I 1 1 I 11 1 1 I 1 1 1 1 I 11 1 1 | 1 1 1 -I.l- 1Ofb

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
m(g) [GeV]

ATL-PHYS-PUB-2015-005
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Looking Further Ahead to Phase 2 (HL-LHC)

Topmost Priority — exploitation of the full potential of the LHC

High luminosity upgrade of the machine and detectors with a view to collecting
ten times more data than in the initial design

Conduct detailed studies of the properties of the found Higgs boson.
How much does it contribute to restoring unitarity in VBF (closure test
of SM), exotic decays, rare decays (e.g. H—up)

« |HC — HL-LHC - a Higgs factory! 100M produced 3ab

~25 fb

Phase

2010
2011
2012
2013
LSt
2014
2015
2016
Run 2
~75-100 fb™

0

Phase |

I I Coupllngs Precision ~ 2-10%, H self coupling ~30% (needs study)

L(fo—1)

Exp. Ky Kw/ Kz Kg Kp Kt KT KZy Kup
300 ATLAS [8,13] [6, 8] [7, 8] [8, 11] N/a [20, 22] [13, 18] [78, 79] [21, 23]

CMS [5, 7] [4, 6] [4, 6] [6, 8] [10, 13] [14, 15] [6, 8] [41, 41] [23, 23]
3000 ATLAS [5, 9] [4, 6] [4, 6] [5, 7] N/a [8, 10] [10, 15] [29, 30] [8, 11]

CMS [2, 5] [2, 5] [2, 4] [3, 5] (4, 7] [7, 10] [2, 5] [10, 12] [8, 8]

l Continue searching for new physics. If new physics has been found

tsv Apr 2015

by the end of Phase 1, associated particle(s) will be heavy.
Then conduct detailed studies in Phase 3 (HL-LHC).
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My sp O. Buchmuller EPS 2013
[GeV] —— LHC: 8 TeV 20 fb1
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- — - HL-LHC: 14 TeV 3000 fb-!

>

t — tx(f ATLAS-CONF-2013-037

) Direct slepton s =~
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The Detector Challenge: Phase II

Detector Challenge: Maintain/improve on detector performance achieved in Run I,
under more hostile conditions.

Apply lessons from the past — a directed programme of R&D and prototyping before
starting construction.

LHCP Barcelona May 2013 AB 30
Example: }‘L,,}’T/ CMS detector upgrades summary

Phase 1: in production for LLS1
« Complete muon coverage (4°th endcap layer)
« Improve muon operation (1°st endcap layer),
and barrel drift tube electronics
+ Replace HCAL photo-detectors in Forward

(new s) |
. DAGL 5D HL-LHC: High- level Summary
« Consolidate
—i— t Inner Tracker Replacement
! 111C . _
- Endcap/Forward Calorimeters Replacement
Phase 1: u . . in 2014)
- orsapp  Level-1 Trigger: Increase in Accept Rate

1ents :

S Changes in Front-end Electronics R,
+ Preparatory work dunng LS 1 : ll;ﬂger Il)r;gger upgrdaéde
- New beam pipe (for 4 layer pixel tracker) er Q upgra -
- Test slices: Pixel(CO2 cooling), HCAL, LI-trig * Many obsolescence/lifetime replacements
- Install ECAL optical splitters « Shielding/beampipe for higher LHC aperture
- Lli-frigger upgrade in parallel with run.
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Summary/Outlook - Supersymmetry

Supersymmetry remains, to this date, a well-motivated,
much anticipated extension to the Standard Model of
particle physics

+ Advent of the LHC: huge new ground within reach

¢ A search is defined by its signature and by its background

estimation method. Need to be data-driven AMAP

By now In all searches we are carrying out third-
generation analyses (typically, second-gen and 8 TeV)
+ A huge number of analyses have been carried out

¢ In some cases we are looking at thi_rd-%eneration analyses
(both in terms of evolution and family ©)

+ Nothing has turned up yet.

e But there are grand hopes that something new is there!
¢ There is Run 2 starting soon !

And of course, If history is a guide, we will find the
unexpected.

tsv Apr 2015

P. Sphicas, Royal Society 2014 Zumino Memorial
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Summary

* The construction of the Standard Model is a towering intellectual
achievement of humankind
= Magnificent interplay between theory and experiment

=After 25 years of design, construction (LHC+Xpt) we are firmly in the 29 half
of the journey — that of exploitation of the full scientific potential.

» The accelerator and the experiments have operated very well.

» The LHC experiments are physics producing engines!

* A “massive” discovery has been made — a Higgs boson.
The boson appears just to be the one predicted by the SM.

* No evidence found yet of physics BSM. The Standard Model with a single
“elementary” scalar doublet seems to work well (too well)

* The discovery of Higgs boson is just the start of the exploration of the
Terascale. Lying ahead is an exciting programme - in equal parts:

» Precision measurements (not only of the new boson)
» Searches for new particles and phenomena
= \We hope new physics will appear in Run Il at 13-14 TeV.

Zummo viemorial



