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Status quo: the Standard Model after LHC Runl

 ATLAS and CMS discovered a Higgs

boson with m = 125.5 GeV, so far o H
. : u C T Higgs
compatible with SM o e boson
* No other new particle seen at LHC d b Force
S g carriers
* SM complete and describes with down | | stronge, botiorm AL
huge success phenomena sl | | y
observed in collider experiments FIECON RO disies
° 2 \Y Vv Vv
SM can not be the final theory! econ mbh | | WL

neutrino neutrino neutrino W boson| |Z boson

 Deviations due to new physics
(in the Higgs sector and elsewhere)
might be subtle

Fermions Bosons

* BEH mechanism provides mass to
the W and Z bosons

* Higgs boson regularizes weak
vector-boson scattering and makes
the theory consistent

* Precision measurements might give
the key to discoveries

... parallel to direct searches for
new physics!

6 Dec 2013 Gabriella.Pasztor@cern.ch : Beyond the Higgs



Why go beyond the Standard Model?

Conceptual weaknesses, observational hints!

Higgs mass stability?
(Hierarchy problem)
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The way ahead

to understand EWSB and discover the more fundamental theory

Some questions after the Higgs discovery:

- Properties as predicted by SM? Spin, parity, CP violation, couplings? With what precision can
we extract them?

- Can we measure couplings to 2nd generation fermions (muon, c quark)?

- Can we reconstruct the Higgs potential? Can we measure Higgs self coupling, i.e. di-Higgs
production?

- Does the Higgs boson regularize the VV scattering fully? Do other processes beyond the SM
contribute?

- Isthe new boson alone? Can we discover its (neutral and/or charged) partners?

- Isit a fundamental scalar or a composite particle?

- What stabilizes the Higgs mass against radiative corrections? SUSY? ED? Something else?
- Does the Higgs open a window to new physics?

The program:

1) Measure precisely the properties of the Higgs boson

2) Look for additional Higgs bosons

3) Study massive EW vector boson scattering and triple gauge boson production
— measure Quartic Gauge Couplings / test the SM gauge structure
— sensitive to the scalar sector / EWSB model

4) Look directly for new phenomena
(SUSY, new gauge bosons W’/Z’, extra dimensions... and the unexpected!)
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Higgs property measurements
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Higgs production cross-section

PLB 726 (2013) 88-119 CMS-PAS-HIG-13-005
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Best fit signal strength (u)

Excellent agreement with SM within current precision of 10-20%
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Coupling constant scale factors

Measuring diffeent production and decay channels....
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There is still place for new physics, exotic decays!
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Entering the Higgs measurement era:
H-> yy differential cross-sections

Test perturbative QCD calculations for Sensitive to relative rate of production
the dominant ggH process via different mechanisms
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Reconstructed pTw [GeV]
Reduced model dependence!

If the BSM model has non-SM like tensor structure, i.e. predicts different detector
acceptances, selection efficiencies, fiducial cross-sections unfolded to particle level
provide a better source of information

Reconstructed Njets
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Measuring rare processes

Electron Httl H 9]/)/
candidate

SUATLAS

lﬁ‘ EXPERIMENT

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

ATLAS-CONF-2013-080
S/B=0.45
(leptonic)

S/B=0.19
(hadronic)



Search for ttH production

Direct acces to Htt coupling

Large background, small cross-section = very challenging!
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Best fit o/, at m, = 125.7 GeV

3 CMS Preliminary Ys=8TeV,L=19.5fb"

https://twiki.cern.ch/twiki/bin/view/CMSPublic/ttHCombinationTWiki

¢ Can we access Hcc coupling at LHC? Recent suggestion for HL-LHC: H> J/ y
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Projections for Run 2 and HL-LHC (E_ =14 TeV)

ATLAS Simulation Preliminary
(s =14 TeV: [Ldt=300 " ; [Lat=3000 fb
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ATL-PHYS-PUB-2013-014
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CMS Projection

Expected uncertainties on
Higgs boson couplings

—T T
b= 300" at s = 14 TeV Scenario 1
F— 300" at s = 14 TeV Scenario 2
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Expected uncertainties on
Higgs boson couplings
——
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— 3000tb"at (s=14 TeV Scenario 2

000 005
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expected uncertainty

Most difficult task:
Measurement of
Higgs self-interaction
CMS+ATLAS
combined: ~30%
 Theory ,requires”

<20% typically

to see SUSY

contributions
arXiv:1305.6397v2 [hep-ph]

CMS-NOTE-13-002

CMS scenario 1: syst uncertanities as in Runl
scenario 2: etheory syst x 0,5; experimental ~ 1/VL
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Going beyond...




Extended Higgs sector

Standard Model

1 complex scalar doublet
1 physical Higgs boson: H

FJHDM Additional SM-like Higgs
2 complex scalar doublets (= high-mass searches)
5 physical Higgs bosons: h, H, A, H*, H-
Fermiophobic Higgs

Invisible Higgs
e.g. decaying to neutral LSP

MSSM (Type-ll 2HDM)

2 complex scalar doublets
5 physical Higgs bosons: h, H, A, H*, H-

NMSSM (p-preblem-of MSSM) »Exotic” Higgs

2 complex scalar doublets + 1 singlet e.g. decaying to lepton-jets in

7 physical Higgs bosons: hidden-valley SUSY
hy, h,, hy,a, @, h, h
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MSSM Higgs sector

e 2 complex scalar doublets = 5 physical Higgs bosons

* Tree-level parameters: m,, tanf3

 Many more parameters after radiative corrections

- need benchmark scenarios
* Show only m, ™ in this talk

* In MSSM, at large m, (>>m,), h usually
becomes SM-like (decoupling limit)

— Direct search for additional Higgs
states important!

* Rise of phenomenological-MSSM
(pMSSM-n): general scan of the n
most important parameters (while
fixing the less important ones to fit

precision data)
e  Remember: while general MSSM has 100+

parameters from the soft susy breaking

terms of the Lagrangian, relations are

expected among them depending on how

SUSY is broken)
6 Dec 2013
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Consistency with m, =125 GeV

arXiv:1302.7033 [hep-ph]
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M, =125.5+3
s M, =1255%2

LHC excl.
LEP excl.

M, =125.513
M, =125.5+ 2

LHC excl.
LEP excl.
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40

my = 173.2 GeV,
Msysy = 1000 GeV, @ my = 173.2 GeV,
% =200 GeV, c Msysy = 1000 GeV,
@ 30 M, = 200 GeV, L p =200 GeV,
X028 = 2 Msysy (FD calculation), M, = 200 GeV,
XM = \/6 Msusy (RG calculation), . X028 = 1.5 Msysy (FD calculation),
20 Ap=A; = Ay, XtM_s = 1.6 Mgysy (RG calculation),
mg = 1500 GeV, A=A = A,
Mfs = 1000 GeV . mg = 1500 GeV,
10 M;, = 1000 GeV .
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arXiv: 1307.1347[hep-ph]

e Strongly enhanced cross-section at high tanf

Production and decay

e Associated bbd production plays an important role

* Decays ¢—=2bb, Tt are important also at high mass

 ¢—2up very low BR but excellent resolution (could
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Search for bb¢ = bb (77)

W\ CMS Experiment at LHC, CERN
C CMS-PAS-HIG-13-021 Data recorded: Mon Oct 3 03:07:23 2011 CEST

y Run/Event: 177730/ 2113660794

'HPS PF Tau, pt: 61.9 GeV/|

B Jet 2, pt: 20.9 GeV|

i

bbd = bb (r7) 2 bb (had u) candidate
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Search for 171

Background composition differs significantly
from tau final state to tau final state, but all
distributions are well described by
background only hypothesis

CMS Preliminary, H—1t, 4.9 fb™ at 7 TeV, 19.7 fb™ at 8 TeV
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Searching for exotic Higgs decays

Many ,,beyond MSSM” extensions, e.g.
* NMSSM (to solve the p-problem of MSSM): 7 physical Higgs bosons: h,, h,, hs, a;, a,, h*, hr
* Hidden-valley theories with a dark sector (dark-particles can have low mass!)
Exotic decay modes open, e.g.
h—>2a+X->4u+X

Muon 1, Muon 2,
NMSSM: p pt=11.19 pt = 9.42
eta=-1.795 eta = 0.295
1 phi = 1.042 phi = -2.864
[T et

d
hig =====<_

~
~

. \Y p

wt

. Muon 0,
SUSY with a dark sector: pt=13.11
eta = -1.797
phi = 1.042

- Topology-based, “generic” searches M‘;’t°_"232' 44

interpreted In various “exotic” models eta = 0.288
phi=-2.850  CMS-PAS-HIG-13-010
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Search forh—=> 2a+ X 2 4p+ X atlow m,

Search for decays into

two very light bosons

(m <2 m_) decaying to

OS, boosted muon

pairs

NMSSM
h,orh,
corresponds to 125
GeV Higgs

* a new CP-odd Higgs
Hidden-valley

h decays to lightest
neutralino, which
decays to a dark
fermion + a (low-
mass) dark photon
that weakly couples
to SM fermions

e cascades of dark

particle decays might

lead to larger
multiplicity lepton-
jets
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VV scattering: a probe of EWSB

Vector boson scattering is ,,intimately” connected to EWSB and new physics
* In SM, unitarity in VV scattering is restored by Higgs exchange: o ~ O(E?) - O(E?) = O(E°)

* If HVV coupling is not exactly the SM value, unitarity is not realized [0 ~ O(E?)] or , delayed”
until a new high-mass state enters

Even if no new physics is observed directly (finite energy reach, large backgrounds), VV scattering

can reveal its existence
e
%4 W+
W~ v/Z w- W W-
M v/Z
W+ W+ |
i UG e aTe e Ual s
h '
o]
wH W+ /A 7
New scalar L . L EaTaava el
(or new gauge boson): nvfg)-----(){: - - 7 1
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State-of-the-art in multi-boson studies

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP

Oct2013 - CMS Preliminaryg

_O_-r ¢ 7 TeV CMS measurement (L < 5.0 fb™)
: ¢ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction
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Diboson measurements ) Phys.Rev. D87 (2013) 112003
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o — | 4+ Stat. Uncertaint . A A =
o 0_025:— J'Ldt=4.6 fb FuIIUncertaintyy —] 0 3:_ ATLAS ) =
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E><§ 0.0Zf% E 015_ e 6['] ------- _g
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Leading lepton p. [GeV] Aim in Run 2 at VBS VVjj tag jet
measurements
e Jet multiplicity distribution only available P .
\Y
for lly and Ilvy measurements
e Especial interesting for inclusive VVjj
as a step torwards vector boson scattering v v
measurements, where forward jets tag ’
the event SM WZ scattering need

CMS-PAS-FTR-13-006 75 fb-1 for 30 and 185 fb! for 50 taje
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Exclusive yy=2>WW-=>evuv

* Acess yYYWW quartic coupling
e Statistics limited measurement

* High p;(ep) sensitive to anomalous
couplings from new physics

CMS,Vs=7TeV,L=5.05fb"

o= 223, fb(<10.6 fb @ 95%CL)

Oy = 4.020.7 fb

6 Dec 2013

> 8 | | | | -

05 5 i CMS,Vs=7TeV,L=5.051b"
(D 7—_ e Data - Drell-Yant't ] > 30 R A L L L ) L L L L IR L L
8 : ~— Inclusive W'W [ Diffractive W'W’ : 8 [ e Data B Drell-Yan < ]
- 6 B — Wijets - i . i S ' i}
-~ O 251 — Inclusive W'W - Diffractive W'W —
,g,’ B —— Elasticyy — 't % Inelastic yy — 1t i (ap] i ]
c - ] oy B - tf — Wi+jets 7
) 5 i —yy = W'W (SM) - _.‘Q K i
> - = c 20 ~ —— Elasticyy =t = Inelastic yy — t*r O
L 4f SM signal region: g [ — yy = W'W (SM) i
- ° i (1] B w w -
3l Opposite charged ep J5[ T ww & =210 i_cz _0,A,,=500GeY) -
- * No extra track from vertex - WW & - 210% %  g10% A —500GeV)
s - - — =" eviah » Noutott™= ev)
ol * p.(ep)>30GeV - " A A =
: Observed: 2 10- B
T 1 Expected S: 2.2+0.4; B=0.84+0.15 e :
0_—_._&.:1_,_- — ool oo 5_7. ....................... -
0 200 400 600 800 1000 = |
m(ew) [GeV] ; S T

0 50 100 150 200 250 300

p_(ew) [GeV]
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Tri-boson production

q w
>W\
q ¥

* Leptonic W decay 2 e, U
 Hadronic W/Z = 2 jets
* Photon with pT>10 GeV

q W+

q Y

CMS preliminary

rLdt=19.2fb" Vs =8TeV

||||||||

Events/ 42 GeV

T T L e e e e e o LN B
—&— Electron Data

XXy MC Uncertainty
SM + a}’ / A% = 50 TeV?

jelts —y I:;kg
P multijet
Zy+Jets
I top
N Wy+jets
N wvy

|||uu| |||||u1| |||1u,u| ||||||u|_

Ratio Data/MC

—+

100

Process muon channel electron channel
number of events number of events
Wy +jets 1369 +354+924+0.0 | 101.6 £29 + 8.0+ 0.0
WV+jet, jet— v | 33.1+13£4.6+£0.0 21.3+1.0+3.1+0.0
MC ttry 125+ 08 +29+0.5 91+07+21+04
MC single top 2.8+ 0.8+0.2+0.1 1.7+ 0.6 +0.1 +0.1
MC Zy+jets 1.7+ 0.14+0.1+0.1 1.5+0.14+01+0.1
multijets <024+ 0.0+0.1+0.0 72 +3.6 +3.6+0.0
SM WW+y 6.3+01+15+0.3 47+01+11+0.2
SM WZy 0.6 +0.0+0.1+0.0 05+00+0.1+0.0
Total predicted | 1939 =39 £10.8 £1.0 | 147.6 +4.8 9.6 +£ 0.7
Data 183 139
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200

3%%oton p: ?8eV)

Cross-section not yet

accessible

Upper limit: 241 fb
(3.4 x SM)

CMS-PAS-SMP-13-009



Anomalous quartic gauge coupling limits

EFT Lagrangian parametrizing
possible new physics

¢
L=L,, + EdE,-FOE‘d)

Dim-6 and dim-8 operators
by integrating out the new
degrees of freedom

Lg

Coefficients to be calculated
from more complete high-
energy theory

Unitarity violation

- form-factors, cut-off

Large theoretical
uncertainties

6 Dec 2013

ey FrYW W | C G p pwgag
1% v (14
8§ A2 16 cos2 @y A2 ¥
2 W 2 Z
-C F o FPP(WH W, + W W/ F
16 A2 F ( p B )~ 16cos2 @y A2
LEP L3 limits — CMS WWy limits —
July 2013 L
uly DO limits CMSyy—> WW limits =11
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WWy  [-15000,15000] 0.43tb™ 0.20 TeV
yy—>WW  [-430,430]  9.70fb67 1.96 TeV
—_— ww -21,20]  19.30fb" 8.0 TeV
all/A? Tev? ! w22l
. . o WW  [-4,4] 5.05tb 7.0 Tev
WWy  [-48000,26000] 0.43ib” 0.20 TeV
vy — WW [-1500,1500] 9.70ib™ 1.96 TeV
Wwy [-34,32] 19.30fb7 8.0 Tev
all/A? Tev?
R . y-WW  [-1515 5057 7.0 Tev
£, 1" eV S R Wwy [-25,24] 19.30fb" 8.0 TeV

-10°10*10°102-10 -1 1 10 107 10° 10° 10°
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Beyond the Higgs sector

Strings

Tt

L\ >

Particles

sional world

=

3+1 dimen
Gravitation

/,,, —

Extra dimension

Supersymmetric “shadow” particles
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ATLAS SUSY Searches*

- 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013 [L£dt=(46-229) b 5=7,8TeV
Model e T, Y Jets ET™ [rdt[d] Mass limit Reference
T T T T T T T T T
MSUGRA/CMSSM 0 2-6jets  Yes 20.3 m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6 jets Yes 20.3 any m(q) ATLAS-CONF-2013-062
0 MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 any m(g) 1308.1841
L g c”y—>q)?(1) 0 2-6jets  Yes 203 m(¥3)=0 GeV ATLAS-CONF-2013-047
= 88, g—>qu 1 0 2-6jets  Yes 20.3 m(¥9)=0 GeV ATLAS-CONF-2013-047
Q@ &2 &—q9li—>qqW*iT leu 3-6jets Yes 203 m(¥})<200 GeV, m(¥*)=0.5(m(¥?)+m(&)) ATLAS-CONF-2013-062
“ - gz, g—*gq(t’t’/é’v/W)X? 2epu 0-3 jets - 20.3 m(¥3)=0GeV ATLAS-CONF-2013-089
©  GMSB (£ NLSP) 2e,pu 2-4jets  VYes 4.7 tang<15 1208.4688
g GMSB (Z NLSP) 127 0-2 jets Yes 20.7 tang >18 ATLAS-CONF-2013-026
S  GGM (bino NLSP) 2y - Yes 4.8 m(%})>50 GeV 1209.0753
£ GGM (wino NLSP) leu+y Yes 4.8 m(%})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(E9)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) O03jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
S N é—>bE)?° 0 3b Yes 20.1 g 1.2 TeV m(¥3)<600 GeV ATLAS-CONF-2013-061
1S QEJ gotEy 0 7-10jets  Yes 203 |& 1.1 TeV m(¥3) <350 GeV 1308.1841
® gt O-1epu 3b Yes  20.1 g 1.34 TeV m(¥?)<400 GeV ATLAS-CONF-2013-061
0. F— by 0-1e,u 3b Yes 201 |& 1.3 TeV m(E%)<300 GeV ATLAS-CONF-2013-061
b1by, b1—>b)(l 0 2b Yes  20.1 by 100-620 GeV m(¥9)<90 GeV 1308.2631
- b1 b1, bi—>th7 2e,u(SS) 03b Yes 20.7 by 275-430 GeV m(¥5)=2 m(?) ATLAS-CONF-2013-007
=9  Hi(light), fi—bYT 1-2eu 1-2 b Yes 47 |t 11 m(¥9)=55 GeV 1208.4305, 1209.2102
S S HE(light), - WhFS 2epu 0-2jets  Yes 203 |% 130-220 GeV m(¥y) =m(%)-m(W)-50 GeV, m(¥,)<<m(¥;) | ATLAS-CONF-2013-048
B8  fi(medium), -ty 2epu 2jets  Yes 203 | 225-525 GeV m(¥2)=0 GeV ATLAS-CONF-2013-065
=5 hti(medium), f —b¥ 0 2b Yes  20.1 [ 150-580 GeV m(¥2)<200 GeV, m(¥7)-m(¥3)=5 GeV 1308.2631
%*5 ti 71 (heavy), f—t¥ 1epu 1b Yes 20.7 1 200-610 GeV m(¥3)=0 GeV ATLAS-CONF-2013-037
s O Hihiheavy), f1—o 0 2b Yes 205 f 320-660 GeV m(¥})=0 GeV ATLAS-CONF-2013-024
N th, t1—>d((1) 0 mono-jet/c-tag Yes 20.3 t 90-200 GeV m(%;)-m(¥3)<85 GeV ATLAS-CONF-2013-068
t1 % (natural GMSB) 2e,u(Z) 1b Yes 20.7 t 500 GeV m(%3)>150 GeV ATLAS-CONF-2013-025
b, hot +Z e u(2) 1b Yes 20.7 t 271-520 GeV m(t)=m(¥3)+180 GeV ATLAS-CONF-2013-025
&_ RELR, N 2epu 0 Yes 203 |7 85-315 GeV m()??):O GeV ATLAS-CONF-2013-049
5 Xk)fl )g+—>€v(t’v) 2e,pu 0 Yes 20.3 )gz 125-450 GeV m()?l) =0 GeV, m(Z, 7)= 05(m(/?1)+m(/\?1)) ATLAS-CONF-2013-049
= o X Xy, Xy —Tv(T9) 27 - Yes 20.7 X1 180-330 GeV mm) OGeV m(%, #)=0. 5(m(X1)+m(X1)) ATLAS-CONF-2013-028
w S X1X8—>€Lv{’ f(vv) IWRACD) 3epu 0 Yes 20.7 /\:/f,/\:’g 600 GeV m(¥i)=m(¥3), m(¥9)=0, m(Z, #)=0.5(m(¥; )+m(¥})) ATLAS-CONF-2013-035
u VoW ZX& Be,u 0 Yes 207 xf,xﬁ 315 GeV m(¥;)=m(¥3), m(¥3)=0, sleptons decoupled | ATLAS-CONF-2013-035
XiXp—WXihX] lepn 2b Yes  20.3 | XA 285 GeV m(¥$)=m(¥3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-093
B @ Directii i1 prod., long-lived %7 Disapp.trk  1jet Yes 203 | ¥ 270 GeV m(¥;)-m(E)=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R hadron 0 1-5 jets Yes 229 g 832 GeV m(¥3)=100 GeV, 10 us<7(&)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, Y1 —#(8, fi)+r(e, ) 121 - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
8 g GMSB, )(‘1)—>yG long-lived X 2y - Yes 4.7 0.4<7(¥)<2 ns 1304.6310
=l qq,)((l’—>qq,u (RPV) 1 u, displ. vtx - - 20.3 q 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥?)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥r + X, r—e +pu 2ep - - 4.6 241,=0.10, 413,=0.05 1212.1272
LFV pp—v,; + X, Vr—e(u) + 7 lTeu+t - - 4.6 A47,=0.10, 21(2)33=0.05 1212.1272
> Blllnear RPV CMSSM 1eu 7 jets Yes 4.7 m(g)=m(g), ctrsp<1 mm ATLAS-CONF-2012-140
& X )(1 ¥ —>WX1 )(1—>eev,,, euve 4epu - Yes 20.7 760 GeV m(¥3)>300 GeV, 12 >0 ATLAS-CONF-2013-036
X% SWIEL R v, i, Beu+T - Yes 207 |X 350 GeV m(¥?)>80 GeV, A133>0 ATLAS-CONF-2013-036
&—qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tit, 1—bs 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_q:’ Scalar gluon pair, sgluon—tt 2 e, 1 (SS) 1b Yes 14.3 ATLAS-CONF-2013-051
*O" WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
\/§ =8 TeV 1 0_]_ 1
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or bhenomena is shown. All limits auoted are observed minus 1o theoretical sianal cross section uncertaintv.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots#SusySummary
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Constraints on gaugino production

ATLAS Preliminary Lint =20.3-20.7 fb"', 1s=8 TeV Status: SUSY 2013

: — 900 ~
No hint anyWhere % - — pp%ﬁ%g, via |/ vV, 3e/p, ATLAsCONF-2013-035 - = = = Expected limits
for new SUSY (0-2"_ 450 |- — pp%)z:z;, ViaTL/V, 2€/|L, ATLAS-CONF-2013-049 —— Observed limits
phenomena zEx - — ppﬁﬁig, viaT /v, 2T, ATLAS-CONF-2013-028
400 :— —_— pp%%:ﬁz;, viaT /V,, 21, ATLAS-CONF-2013-028
350 [ — pp—)%f%g, via WZ, 3e/p, AtLAs-CONF-2013-035 ~
Natural-SUSY seems ~ pp—)}é‘r%g, via Wh, e/pbb, atLas-conF-2013-003_, ‘
less and less probable 300 - Mj/z/5 =05(mz +mg) gty e
(Higgs mass & direct D U
search results) 20—~ T e
[ \
- o xS e \
200 b S et \'
N AN My 1
[ 1
10— /7 o !
— 1
H=y” 7\ e 1
100 F -
1
:
50 '
1
1
0 " : TN I R N I [
100 200 300 400 500 600

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots#SusySummary m%? (=m %Z) [GeV]
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LQ1, B=0.5

C S E ° LQ1, B=1.0
I I XOTl CA 95% CL EXCLUSION LIMITS (TEV) | 35505
* i LQ2, B=1.0

d (qgl’ (z'\];\e,; LQ3 (bv), Q=+1/3, B=0.0 LeptoQuarks
q* (qz) LQS (bT), Q=12/3 or 14/3, B:1 O
q*, dijet pair stop (bT)

q*, boosted Z 1 > 3 4 5

e, N=2TeV
p*, A=2TeV

Z’SSM (ee, Yp)

Compositeness

b’ = tW, (3I, 2I) + b-jet
q’, b’/t’ degenerate, Vib=1
b’ = tW, l+jets

Z'SSM (t17) B’ — bZ (100%) eneration
Z’ (tt hadronic) width=1.2% -! T — tZ (100%) G
Z’ (dijet) j t’ = bW (100%), I+jets
oM i b0z [ t = bW (100%), I+
G (dijet) e |
G (ttbar hadronic) S CILA,X analy8|§, N+ LL/RR
G (jet+MET) k/M = 0.2 : C.I. A, X analysis, A- LL/RR
G (yy) kM = 0.1 | C.L, pp, destruc'Fve LLIM
G (Z()Z(qq)) k/M = 0.1 r | | c., pg, Icor!strluctlva Llé:\l>|/| Contact
W’ (V) ..,s!ngee( nCM) .
W’ (dijet) C.l, single p (HnCM) IM[al{ifelelil0]al
W’ (td) C.lL., incl. jet, destructive
W’ = WZ(leptonic) C.l, incl. jet, constructive
WR’ (tb) — )|

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

pTC, mTC > 700 GeV
String Resonances (qg)

|

|

Ms, vy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6
Ms, Il, HLZ, nED = 3

s8 Resonance (gg) | 1 ! Ms, Il, HLZ, nED = 6

; — | i —
E6 diquarks (gq) ' MD, mono!et, nED =3
Axigluon/Coloron (qgbar) | & MD, monojet, nED = 6
gluino, 3jet, RPV -,- [ [ [ ' MD, mono-y, nED = 3

MD, mono-y, nED =6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED =2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2

0 1 2 3 4 5 0 1 2 3 4 5

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO/CMS-EXO-Moriond2013.pdf
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gluino, Stopped Giluino
stop, HSCP

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

Extra Dimensions
& Black Holes
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Search for extra dimensions: RS graviton

 Randall-Sundrum
model proposed to
solve the hierarchy
problem assuming a
5th dimension with a
warped geometry

*  Only gravity can
propagate in the ED

* |In3+1D, KK graviton
resonances appear

* Searchfor Gy =2 ZZin
qqll final state

gHadronic Z boostezzl:

[ ]
jet substructure
techniques
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e

Events / GeV

10°

Planck b rane

CMS Preliminary Vs =

8 TeV

det: 19.8fb

(] CMS 2012 (ee, 1JHP)

Background estimation

W [ Z+jets (Madgraph)

L1 IIlIII

1 other Backgrounds (V)

1]
|
600 800 1000 1200 1400 1600 180020002200 2400 2600 2800

M,, [GeV]
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CMS Preliminary Vs =8 TeV _[ Ldt=19.8fb"

LU L B L L B L LB LB

3500 * CMS 2012 _:
30003_ - Z-+jets (Madgraph) _f

- - Other Backgrounds (tt,VV) ]
L(N).2500 - E:j Bulk G* (M_,=1000 GeV, k=0.5 (x 4000))
(e - .
~2000- -
(2] = ]
< N ]
& 1500 3
> N 2
L N ]
1000F- =
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Toq

CMS Preliminary \s = 8 TeV JLdt =1981"

B I s e e o e roe s o e i e o o o e e e e ot T T T T T T T

(G*— ZZ) [pb]

i Asympt. CLsObseNed
- Asympt. CLS Expected + 1o
Asympt. CLs Expected + 20

Gy, x BR(G" - 2Z),k=0.50

Gy X BR(G" - 22), k=0.20

10°k CMS-PAS-EXO-12-022
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Events / 10 GeV

Search for dark matter

arXiv:1309.4017 [hep ex]

"""""""""" B B B
—o— QObserved 95% CL SR: Emlss s> 350 GeV

---- Expected 95% CL

I Expectedtioc
Expectedt2 ¢

(e}

NN W A~ O1 OO N

ATLAS 203fb \s 8Te
120 140 160 180 200 220 240 260 280 300
my [GeV]

I IIIIIIII_

90% CL |

T T T

- D9:obs
D9: ATLAS 7TeV j(xx)
\

I IIIIIII] I IIIIIIII_

T ATLAS 2031 {s=8TeV-
T — SIMPLE 2011
COUPP 2012 - - |ceCube W'W

+ —PICASSO 2012 — IceCube bb

| IIIIIII| 1 I 11111l 1 L1111l

T
N
. L s
Pair-produced dark matter tagged by initial-state ’
W/Z emission in boosted hadronic final state v
- LA L B L B L I BN u X ’g
35:— miss — D5( =d) x20 Ny
E SREErT > 500 GeV — - D5(u=-d) x0.2 S
0 1
25F- e T N
7 /] d w
15 A
10 / Il‘ — T T TTTTT T T T TTTTT]
,5 O’E a6l W D5(u=-d):obs
5 0,10 —d):
- —&— D5(u=d):obs
9 S | D5ATLAS 7TeV i)
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M, [GeV] 21038 destructiv
—— T Operator:
ATLAS 203 fb" \s=8TeV —=— D9:0bs tensor
105 —=— D5(u=-d):ok vyector (0740
—— D5(u=d):ob¢ yector
10%L-90% CL —o— D1:obs scalar
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o | — XENON100 201
1-for 4-point contact interaction 1 10 102
0 200 400 600 800 1000 1200

m, [GeV]
my [GeV] |a.Pasztor@cern.ch : Beyond the Higgs

10°
m, [GeV]

10°1 10 102



As exiting as ever...

2

We are only at the beginning....
What waits (e e
behind the Higgs? | 3




Extra
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LHC schedule beyond LS1

Only EYETS (19 weeks) (no Linac4 connection during Run2)

LS2
LS3

LHC
Injectors

LHC
Injectors

LHC
Injectors

starting in 2018 (July)
LHC: starting in 2023 =>

18 months + 3months BC (Beam Commissioning)
30 months + 3 BC

injectors: in 2024 => 13 months + 3 BC
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
a1'a2 70304 [a1Ta2 0304 [a1TazTa3 a4 |1 [a2Ta3 (4]t a2 a3 Tas a1 @2 [a3Tas [a1 | a2 (3] a4

2022 | 2003 | 204 | 2025 | 2026 | 207 | 2008

arla2'a3 04 |a1la2Te3 04|01 [a2103 a4 [a1 @2 1a3Ta4 a1 (02 [@3Ta4 a1 (@2 |03 a4 a1 T2 03| a4
LS 3 . . Run 4

2029 | 2030 | 2031 | 202 | 2033 | 203 | 2035

a1]a2Ta3 a4 |a1]a2Ta3 (a4 |a1 (2 Ta3Tas | a1 a2 [a3Taa a1 a2 (a3 a4 a1 a2 (a3 [aa a1 Ta2 Q3 |4

LS 4

LS 5

LHC schedule approved by CERN management and LHC experiments spokespersons and technical coordinators
Monday 2"d December 2013




Higgs production and decay

=22 pb @ Vs=8TeV, m, =125 GeV

O-total

g f?ﬂmrm . ///L‘;

_/"
«J —)—(/
V
H ™ , B
< %—c
\\\
e

~—

87%

~

VVH coupling

Measuring different production and decay
modes, the different coupling constants

can be determined
g(Hﬁ) oc mfermion

g(HVV) oc mbozonz

58%

0.23%
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Higgs mass

CMS Preliminary {s=7TeV,Ls5.1fb" ys=8TeV,L=s 19.6b"

_l L ‘ ‘ L L
H—eyy+H—=2Z
Mzz’ l‘w(ggHrttH):
u (VBFVH)

-2AInL

TIr T iTrrrrrrr

& &

|||||||||||||||

- Combined
—H—-ZZ

| . B -

IIIII]IIIIIIIIIIIIII]

“vorms /15 GeV
=

LI IJ_
B Wageed
. 8 2 28 8
P A ]
Z h
L 4 4
4 B
, ot
& LRPIN
3 : p

T

3
oF
29
s

TTTITJTTT

lllllllllx{;

| | | I | | | I I
CMS H - yy —— 1254+ 05 + 06
CMS H - 22" 1l —— 1258105 +02
CMS Combined - 1257+ 03+ 03

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

—&— 1268:02 +0.7

- 1243 % 25
ATLAS Combined —— 1255 £ 0.2 ¢

| N N N N N N S N S

| | | | | Y P N P | | |

C o NN W & 00 O N © © O

124

Final results require final Runl calibration

126 128
my (GeV)

123 124 125 126 127 128

Mass [GeV]

Constrains both SUSY and composite-Higgs models! (See an example later...)
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Coupling constant scale factors

Assumptions:

All fermion (t,b, T,

..) couplings scale with
All heavy vector boson (W, Z) couplings scale with k,,

KV VS. KF N ‘ ,
reliminary \‘s=7TeV L<51fb"' ys=8TeV.L< 19.61b"
2 4:—ATLAS| lllllllllllll |:|H —>4|§H_> My L ¢ SM Higgs ° Fermlophoblc O Bkg. only
- ys=7TeV|Ldt=46-481" &3H— vy ) Combined 2 :
3 15=8TeV [Ldt=2071b" + SM x BestFit
of & 1
1F -
- . or
IS =
1 ER
- H — 4 .
21 I / ]
T | e e Lovoa ol fols ol 5 :
06 07 08 08 1 14 12 13 14 18716 2, 0.5 - s
V

Ky
* Agreement with SM within
10-20% precision

No other new physics contributes to the total width: ° =0 excluded with >55

Ko( Ke Ky), K, ( Ke Ky)

(from indirect ggH loop) t

Total width T, scales with x> = 0.7 k2 + 0.3 Kk, 2 :
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Coupling constant scale factors
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Higgs coupling vs. mass

CMS Preliminary {s=7TeV,L<5.1fb"' Vs=8TeV, L<196fb
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Test of custodial symmetry
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Generic search for deviation from SM

by profiling the other coupling modifiers
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Search for new physics in loops
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High-mass searches: an example
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The p-problem of SUSY

WI\/ISSI\/I — @ﬁuhuﬁc—I—f{\d@hd/D\C—l—f{\theEC—l—uﬁuﬁd

L is in the superpotential, so it is present before supersymmetry breaking (via soft
terms). u should know nothing about the electroweak scale.

If w=0 then there is no mixing between the two Higgs doublets. Any breaking of
electroweak symmetry generated in the up-quark sector (by M,?< 0) could not be
communicated to the down-quark sector. The down-type quarks and leptons would

remain massless.

If u=M,,_,, then the Higgs bosons and their higgsino partners would gain Planck
scale masses, in contradiction with upper bounds from triviality and precision
electroweak data.

For phenomenologically acceptable supersymmetry, the p-parameter must be of the
order of the electroweak scale.

One way to link the w-parameter with the electroweak scale is to make it a vacuum
expectation value. Introduce a new iso-singlet neutral colorless chiral superfield _
coupling together the usual two Higgs doublet superfields. The scalar part of this 2
ASHqu. If S gains a vacuum expectation value we generate and effective U-
term. 2 NMSSM
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The SM strairway
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The SM strairway

Oct2013 CMS Preliminary
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Diboson measurements
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ATLAS Exotics Searches” - 95% CL Lower Limits (Status: May 2013)

.......................................................................................................................... T T T 171711 T T T T T1T1T]
Te Stl n g Large ED (ADD) : monojet + E; ... Mp (5=2)

Large ED (ADD) : monophoton + E M, (5=2)

T.miss

. 2 Large ED (ADD) : diphoton & dilepton, m,, M (HLZ §=3, NLO) ATLAS
% > UED : diphoton + E; ., Compact. scale R Preliminary
)) e X O C g Sz, ED : dilepton, m, M, ~R"
g RS1 : dilepton, m, Graviton mass (k/Mg, = 0.1)
3 RS1: WW resonance, m; Graviton mass (k/Mg, = 0.1) r
m O d e I S © Bulk RS : ZZ resonance, m, Graviton mass (k/M,, = 1.0) Ldt=(1-20)fb
O . - ,
< RS g — tt (BR=0.925) : tt - I+jets,m g mass _
@ ADD BH {i,, 1M,=3) : SS dimuon, N, e M, (5-6]" fs=7,8TeV

ADD BH (M,,, /M ,=3) : leptons + jets,Xp M, (8=6)
Quantum black hole : dijet, F (m,

My (5=6)

) qqll CI : ee &y, lﬁ" A (constructive int.)
uutt Cl - SS dilepton + jets + E, . [L=1431b" 8 TeV [ATLAS-CONF2013.051] A(C=1)
..................................................................................... z'(SSM)mww LIMMJ.GTOVIATLMW-QMMH 286TeV 7' mass
Z' (SSM) :m,, [L=47 "7 TeV [1210.6604) 14Tev 7' mass

N Z' (leptophobic topcolor) : tt— I+jets, m, [L=14.3 1b", 8 TeV [ATLAS-CONF-2013-052] 1.8TeV 7' mass

W' (SSM) iy |e=az i’ 7 Tev 12004446 255Tev. W' mass

Wi(=tq,g =1)im, |Leaz i’ 77eV (1209.6503) 4306GeV_ W' mass
........................................................................ W (> tb, LRSM) :m, - [I5ia30 od ATLAS Conea0rsas0 184Tev W mass
Scalar LQ pair (=1) : kin. vars. in eejj, evjj [L=1.0b" 7 Tev [1112.4826) s60Gev T gen.LQ mass
g Scalar LQ pair (§=1) : kin. vars. in j, (vjj |L=1.01",7 Tev [1203.3172) 685Gev 2" gen. LQ mass
Scalar LQ pair (p=1) : kin. vars. in ttjj, Tvjj |L=471",7 Tev [1303.0526) 534Gev 3 gen. LQ mass

........ md"‘enerahontt'—)WbWb e e i S ¢ s
2 4thgeneration : b'b'— SSdilepton + jets +E 15143 1" 8 TeV [ATLAS CONF-2013.051) 720GeV_ b' mass
23 Vector-like quark : TT— Hi+X [Laii3tb" 8 TeVIATLAS CoNFots0te]  700Gev. T mass (isospin doublet)
________ o o Vector-like quark : CC,m, , |L=4606"7 TeV [ATLAS-CONF-2012437] 142TeV! VLQ mass (charge -1/3, coupling x o = v/m,)

Excited quarks : y-jet resonance, m q* mass

SE Excited quarks : dijet resonancez,f*he:j L=13.010",8 3 q* mass
m Q@ Excited b quark : W-t resonance, m,,, b* mass (left-handed coupling)
Excited leptons : |-y resonance.mw [1=13.010", 8 Te [* mass (A = m(l*))

p oy mass (mip Jor) - m(x;) = M,)
p. mass (m(p. ) =m(;) + m,,,m(a ) = 1.1m(p.))
N mass (m(W ) =2 Tev)
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L.
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Color octet scalar : dijet resonance, m, Scalar resonance mass
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Magnetic monopoles (DY prod.) : highly ionizing tracks ass
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*Only a selection of the available mass limits on new states or phenomena shown
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Stop searches

g9 production, g— ﬁ;z?, m(g) >>m(g), \'s =8 TeV
IIII|IIII|IIIIIIIIIIIIIIIIIIIII

Lepton & Photon 2013
IIII|IIII|IIII
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initial state W/Z emission in hadronic final state

u

X u w*
W X
X
w* d X

Search for dark matter

Search for pair-produced dark matter using
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Search for dark matter
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