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LHC Run 1

Standard Model Production Cross Section Measurements  siaius: varch 2015
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LHC Run 1

Higgs Boson properties

CMS X = ZZ + WW 19.7 fb" (8 TeV) + 5.1 fb (7 TeV)
1 T 1 1 I T T 1 1 l 1 1 1 T T T I T T I 1 T T T I 1 T T T I 1 1 /? 120 [ _._ Observed Expected . O T T . . . . . . . ]
o L --- :
ATLAS and CMS —e— Total Stat. 1 Syst. :' 100F MmO +1o0 mS:io : ]
LHC Run 1 Total ~ Stat. Syst. = 80 3 0"+ 20 WS 20 b
ATLAS H—yy H——e——H 126.02+0.51 (% 0.43 +0.27) GeV = L 0'=30 _JP =30
£ 60 @ :
CMS H—yy f——e——] 124.70 £ 0.34 (+ 0.31£ 0.15) GeV x a0k §
ATLAS H—ZZ—4  p—o— 124.514 0.52 ( + 0.52 + 0.04) GeV o l
mi r l l lll
CMS H—ZZ 41 ——— 125.59 + 0.45 (+ 0.42 + 0.17) GeV ol r } ﬁ rrl_|_i_
ATLAS+CMS 7y I-—EI—-I 125.07 + 0.29 (+ 0.25 + 0.14) GeV o0k Ii I I I I I I I
ATLAS+CMS 4l I-—I‘E—I 125.15 + 0.40 (+ 0.37 + 0.15) GeV .40
ATLAS+CMS yy+4l ==—= 125.09 +0.24 ( +0.21 £ 0.11) GeV 60k :
1 L L 1 I 1 1 1 I 1 I 1 1 I 1 L I 1 1 1 1 I L 1 1 1 I 1 1 . o o O L [=)) E é o o e} [\ (=)} S
123 124 125 126 127 128 129 — LQNE LS S S S R S 'm*‘;tf I ISR SRR SRS N SRR
my [GGV] gg production : qg production
o
Mass known to 0.2% JPis O+
-1 -1
19'7 fb-1 (8 Tev) + 5'1 fb1 (7 Tev) 19-7 1b (8 TEV) + 5.1 fb (7 TeV) L 4 1 I 1 1 1 I I 1 1 I 1 1 1 1 1 1 I 1 1 I I 1 1 I 1 1 1
- : =125 GeV » - . 5
combines | CMS My = 125 GeV Combined .| CMS My = 125 Ge = ATLAS Prelim. -
u=1.00%0.14 p,, =024 Py, = 0-96 3:_ \s=7TeV,4.54.7 1" _:
- -1 ]
H — yy tagged C Vs=8TeV, 20.3 b E
Untagged w=1.12+0.24 T 2 F~ my = 125.36 GeV .
n=087+0.16 e | - -
1_
H — ZZ tagged - = _:I|
u=1.00+0.29 = _|
VBF tagged |- -
n=1.15+0.27 O__ _:l
H— WW tagged -
—m - -
W=0.83+021 = /j 3
VH tagged 11 - - Z&) ﬂ -
n=0.83+0.35 H — tt tagged B 5/ COH->yy. 3
w=091+0.28 - —2p CaH—>2z . =
HH t d g CJH->wWW O
agge v Ho1tt
W= 2.75+0.99 = H- tzbot:ff(?i — -3 - * SM —68% CL Hobb 7
1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 u B ' - ' L L ) L I L ) L 1 1 L ) L I | | | | : I+ 8981 fit I mm= 950/0|CL | D Comblned :
0 1 B t?‘t / 0 0.5 1 15 _4 IO 4| 1 |O 6| 1 |O 8| 1 1 1 1 1 2 4 1 6 1 8
est it 6/G,, Best fit o/c, . : . . . :
Ky

Couplings known to ~ 20%



After the discovery of the Higgs Boson:

Standard Model

19.7 o' (8 TeV) + 5.1 16" (7 TeV)
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“Composite”’ Higgs boson ??
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Both types of precision tests highly motivated



Precision flavor physics

CP violation in the Bs system
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Bs,da —> pi

CMS and LHCb (LHC run 1)
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Candidates / (40 MeV/c2)

S/(S+B) weighted cand. / (40 MeV/c?)
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Ballistic program: Very nice prospects
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The “Nuclear Family” T
of the Higgs
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«<— Closeness to Higgs

Sparticle masses from SUSY breaking
not fixed by theory: large parameter space

to saturate

Limiting to MSSM:
MSSM: ~109 parameters
PMSSM: 19 parameters
CMSSM: 4 parameters (+1 sign)

‘small” fine tuning of the

Higgs mass

Because of their radiative
contribution to higgs mass,
approximate upper limit:
Gluino ~ a few TeV
Stop ~ 1 TeV

~2-300 GeV



Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Main handle against SM is Missing Transverse Energy (MET)
from undetected Lightest Supersymmetric Particle (LSP),
assumed to be the lightest neutralino (chiO1)

“Open” kinematics: two invisible particles in each event and no
constraint on longitudinal boost of sparticle-sparticle system

Visible energy must be large enough to trigger !!



Simplitied Models : good tool for analysis optimization and
display

Assume 100% BR in both legs and the SUSY production cross-section
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Branching ratio dependent stop limits
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Difficult regions | Stop NLSP Polesello

Stop to charm (not shown) covers completely relevant region up to 200
GeV stop mass. Work in progress to verify whether stop excluded
for any BR combination of stop — ¢ chi0O1 and stop — bff'chiOl

m(stop)>~250 GeV, < 300 |
m(stop)-m(chiO1l)~m(t) \Q\ g &

m(stop)-m(chi0l)~m(W)

May be covered already with
Run | data and dedicated MT2-based
selection in 2-lepton channel?

[ L

m(stop)<100 GeV
Most likely OK,

Need to match LEP/Tevatron
exclusions

v 5E 400

m(st0p)<~200-220 GeV Mk [GeV]
m(chi01)<20-30 GeV 1
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Cross section ratios: 14 (13) TeV / 8 TeV
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13 TEV

Cross section ratios: 14 (13) TeV / 8 TeV
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SEARCH FOR NEW RESONANCES

. del Re
Final Dijet Supersymmetry BSM
States Dilenton Scenarios
P Extra dimensions
Diphoton :
Technicolor
Photon+Jet
Little Higgs
Multi-jets
Diboson Heavy gauge boson (GUT, ...)

Left-right symmetry

Jet/Photon/X+Emiss
Top/W/Z/H+Jet

A |Compositeness

Ditop Vector-like quark, 4th gen.

Multi-leptons Heavy neutrino

Same-sign dilepton

Hidden Valley

Long-lived, Lepton-jets

O
O
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Di-Bosons

CMS (unpublished)
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PARTON LUMINOSITY RATIO

* For high mass searches parton luminosity counts!
— Huge ratio in the interesting (not yet excluded) region

WJS2013
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How MUCH LUMINOSITY?
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Conclusions

Not today. LHC starts in May at 13 TeV. The next 1-2 years will be crucial.

*
Results presented at Moriond 2016 could bring us much closer to the conclusion.

* Alessandro Strumia Moriond EW 2015 Summary talk



Type Observable LHC Run 1 LHCb 2018 ' LHCb upgrade  Theory
BY mixing Os(BY — Jh ) (rad) 0.049 0.025 0.009 ~ 0.003
ba(BY = JJib f5(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aq(BY) (1073) 2.8 1.4 0.5 0.03
Gluonic (;‘)Z‘H(Bg — @) (rad) 0.15 0.10 0.018 0.02
penguin o (BY — K*OK*9) (rad) 0.19 0.13 0.023 < 0.02
23 (BY — (,:“')]\’gw) (rad) 0.30 0.20 0.036 0.02
Right-handed oM (B? — o) (rad) 0.20 0.13 0.025 < 0.01
currents (B — &) /Tpo 5% 3.2% 0.6% 0.2%
Electroweak — S3(B? — K*utp=:1 < ¢* < 6 GeV?/c?) 0.04 0.020 0.007 0.02
penguin g2 Apg(BY — K*Outpu™) 10% 5% 1.9% ~ ™%
A Kptp 1 < ¢* < 6GeV? et 0.09 0.05 0.017 ~ 0.02
B(BY — ntu*tu)/B(BY — Ktutpu) 14% ™% 2.4% ~ 10%
Higgs B(BY — ptp~) (1079) 1.0 0.5 0.19 0.3
penguin B(B° — utpu~)/B(B? — putu) 220% 110% 40% ~ 5%
Unitarity (B — DWW K®) 7° 4° 0.9° negligible
triangle v(BY — DFK#) 17° 11° 2.0° negligible
angles B(BY — J/i K2) 1.7° 0.8° 0.31° negligible
Charm Ap(D? — KTK~) (107%) 3.4 2.2 0.4 -
CP violation AAcp (1073) 0.8 0.5 0.1 -




