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75MPi1x 3D camera
40M frames/sec
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Particles in CMS (slice)
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13 TeV pp data (2015)

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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CMS Reconstructed Obijects
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CMS & ATLAS results:

heavy flavor
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ATLAS-CONF-2015-030
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CMS BPH-15-004
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CMS & ATLAS results:

electroweak

CMS & ATLAS : electroweak symmetry and beyond Bormio Wed 27/01/16

® 12



inclusive W/Z
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inclusive W/Z

CMS (43pb™1)

o(W+) B(1+v)=11370+50(stat)+230(syst)+550 (lumi) pb
o(W-) B(1-v)=8580+50(stat)+160(syst)+410 (lumi) pb
0(Z) B(1+1-)=1910 + 10 (stat) + 40 (syst) = 90 (lumi) pb
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o(W-) B(1-v)=8380+20 (stat)+350 (sys)+750(lumi) pb 10
0(Z) B(1+1-)=1869+7 (stat)+42 (sys)+168 (lumi) pb
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CMS SMP-15-006
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CMS & ATLAS results:

Higgs
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The Higgs boson

V()

Spontaneously breaks
electroweak SU(2)xU(1) (SSB)

- vector bosons W,Z receive mass terms from SS —
—> fermions receive mass terms from Yukawa couplings
—> SSB leaves a massive scalar particle : the Higgs boserw»

Im(¢)

All SM particles receive mass terms
Cancels divergences and unitarity violation in WW-2>WW,ZZ

Searched for ~50 years. M@W

Indirect indications from EW precision measurements

Discovered at the LHC by ATLAS & CMS i )
50/ experiment with 5/fb @7TeV + 5/fb @8TeV (2012)

P. Azzurri CMS & ATLAS : electroweak symmetry and beyond Bormio Wed 27/01/16 20



I—I1ggs mass : Runl legacy
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Higgs mass: Runl legacy
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ATLAS-CONF-2015-044/ CMS-PAS-HIG-15-002

Higgs couplings: Runl legacy
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ATLAS-CONF-2015-044/ CMS-PAS-HIG-15-002

Higgs couplings: Runl legacy

coupling modifiers x

also in SM loops
> IIII| T T IIIIIII T T TTTTT T T IIIIII| T
e f —
ATLAS and CMS Preliminary - ATLAS Z 1k ATLAS and CMS t‘,.;:
LHC Runt ~CMS - - LHC Run 1 Preliminary Zi ]
L . ATLAS+CMS 5 C - ]
" : —*1c " - W i
z —— el> 10" — Observed -
— ' S o SM Higgs boson 3
Ky == - -
—— i ]
B 1072 g =
< —= z S 5
——— — . T -
— i b i
—_— -3
K . 10 E_ u - —g
Ky - ]
—— | 4

— i 107 E
K“ 1 :Illll Il | IIIIIII 1 | IIIIII| | 1 IIIIII| | =

11l | 111 | 11 | 11l | 11l i L1l [ 111 l 11l | 11l | 11 1 0_1 1 1 O 1 02
0 02040608 1 1.2 1.4 1.6 1.8 2 Particle mass [GeV]

Parameter value

e.g. k, constrained by GF(yy)
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ATLAS-CONF-2015-044/ CMS-PAS-HIG-15-002

Higgs couplings: Runl legacy

BR(BSM)=0
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ATLAS-CONF-2015-044/ CMS-PAS-HIG-15-002

Higgs coupling ratios

ATLAS and CMS Preliminary :é&'—SAS
| LHC Run -+ ATLAS+CMS
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P. Azzurri ®

CMS & ATLAS : electroweak symmetry and beyond

cross section and BR ratios
more generic exploration with
reduced systematic uncertainties

H->bb deficit enhanced by VH & ttH excesses in
other decay modes

CMS Hbb

VH: u=0.89+0.43
ttH : u=0.7+1.8
VBEF: p=2.8+1.5

ATLAS Hbb
VH: u=0.52+0.40
ttH : u=1.5+1.1

+ Tevatron: VH(bb) : u=1.6+0.7

... still need to establish H coupling to down quarks
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ATLAS-CONF-2015-059

I—Iiggs @13 TeV : ZZ*->4l
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ATLAS-CONF-2015-060

Higgs @13 TeV : éyy
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- Simple fit function for background estimate 40t '
- Number of candidate events fitted: Zg’E —
113 £ 74 (stat) "3/, (syst) 1ok
Sensitivity to SM Higgs: 1.90 (Observed 1.50) TR e T P
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Higgs @13 TeV

80 ATLAS Preliminary — Gy My=125.09 GeV

AHoyy G H-ZZ'-4 mm QCD scale uncertainty
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Gy o1 [90]

T LA S s e T

ATLAS-CONF-2015-069

: 2>yy + 4l

Combined observation significance:
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- Observed: 140
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CMS & ATLAS results:

SUSY searches
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Supersymmetry (SUSY)

symmetry between fermions and bosons
- super partners (double particle content)
—> broken symmetry

Provides Gauge coupling unification

Ameliorates hierarchy problem (fine tuning) @~ 77777~ Q ______
(protects Higgs mass from quantum corrections ) )

7 \
Provides Dark matter candidate H “‘\ )‘ "

Stable Lightest SUSY Particle RPC) ~ ~~777mTTTTmees

Searched for ~40 years.

2015 Run2 eyes open for high mass, strongly produced SUSY
gluino / squark pairs: o(13TeV)/o(8TeV) =15-35 for M=1-1.5 TeV

P. Azzurri CMS & ATLAS : electroweak symmetry and beyond Bormio Wed 27/01/16
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Data/Pred

Events / GeV

signal enhanced
at large tanf3

TlepThad
- Z and top from MC

- WHets and QCD from fakes (tau ID)
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QCD background from fakes method
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SUSY(2HDM): H/A — Tt

Aiming at all production modes inclusively

- ATLAS Preliminary, \s=13 TeV, 3.2 fb’'

70-hMSSM scenario
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SUSY: Jets and MET

CMS
Data recorded: 2015-Sep-28 06:09:43.129280 GMT
Run / Event / LS: 257645 / 1610868539 / 1073 ]] | ';,/,
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ATLAS-CONF-2015-062
ATLAS-CONF-2015-077

SUSY: Jets and MET

% Fr7r [ T T T T T T T T g 6‘6"@‘1@‘?‘3
0] ATLASPreIiminarysf4l‘r)atazo15 1 S 1400 LA AL I B IS B ELR B
®

8 10%F \s-13Tev, 321" — SM Total 3 (0] N ATLAS Preliminary == Observed limit (+10,.0) ]
- E Diboson 7 s —0- . miss —_
@ - — o ] g" 1200[-0-lepton + 2 6|ets»f1ET """ Expected limit (+10,,) ]
’q{-:; B [ ] t(+EW) & single top : - s=13TeV,3.21 —— ATLAS 8 TeV, 20.3 fb" ’
> B W+ijets 1000}— ]
> [ Muti-jet _ N All limits at 95% CL 7
= == gg direct, . - .
m(g, x°)=(1400, 0) E 800— -
i 600(— .
1 = C 3
E 400— -" —
g 20017 -
~ - . 1
OL+(2-6)]+MET 5, ustyide 2 // : i ;

3 900...1A.IA..1...l.x.l...o.:.,.:i...l...

ob—pos 250 5650 520 5550 5550 400 600 800 1000 1200 1400 1600 1800G 2000

m [GeV]

m(eff) = ZpT (N jets+ MET)"™

...... pMSSM benchmark
AAAAAA 2-step benchmark

500

ag. §—»qu21 mE,)=(m(@+mK,)V2, mK,)= lm(x )+m(i 2
o . . N — S 8007 L R B AR RRRE
S ATLAS Prellmunary e Data ] () Expected (#10,,) ATLAS Preliminary§
< 10° S aaen 8210 4 Total background | O, 700f === observed (+163%) Multijets+MET combined—|
P 150 [ Multijet (=6-jet data) = oy ) {5=13 TeV. 8.2 "
4 w < Ctt—aqll 3 3 I ~—— ATLAS 8 TeV,20.3 fb = e
L%’ EEW - b+ jets 1 X 600 All limits 95% CL
I Other E £

"3
K0
}‘_.
~
Y]
> N
=}
=)
n

400

Ll

300

200

TIIIIIIIIIIIIIIYIIII1 I'IT.1T‘1TY

llllllllllkllllllllllllll;l

19800 900 1000 1100 1200 1300 1400 1500 1600 1700

m(g) [GeV]

Data / Prediction —

OL+(7-10)J+MET

5
O 2 4% "8 10 12 14 16 18 20
ET* /| H, [GeV'?]

P. Azzurri @ CMS & ATLAS : electroweak symmetry and beyond Bormio Wed 27/01/16 ® 35



(Obs.-Exp.)

CMS-PAS-5US-15-002
CMS-PAS-SUS-15-003

SUSY: Jets and MET
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CMS preliminary

SUSY: Jets and MET
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SUSY same sign leptons
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Summary & Outlook

* Nice start of Run2 in 2015 with ~3/fb pp@13TeV

« Selected Run2 results (ATLAS + CMS)
o electroweak measurements ox2 and 0 /o x2
o first glimpse of Higgs boson (~ o x 2-4)
o nothing yet from (many!) SUSY searches

« Just the first small step in the max LHC energy era
o Run2 220/ftb->100/fb in 2016>2018
o Run3 (phasel) -300/fb in 2022
o Run4-5-6 (phase2 up)3000/tb in 2035

the frontier energy and intensity exploration of the
electroweak symmetry, its breaking and beyond

has just begun

P. Azzurri @ CMS & ATLAS : electroweak symmetry and beyond Bormio Wed 27/01/16 ® 4]



