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Introduction

= (short) Overview of (some) LHC results (top, Higgs, BSM)
= Obviously cannot cover everything...
= FocusonRunl(7-8 TeV, 25 fb-1) and Run I (13 TeV, 2-3 fb-1)
+ perspectives up to ~2018, where major decisions could occur for the future of HEP
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> Very rich physics program:

Top Quark

= Heaviest known fundamental particle,
= Privileged coupling to Higgs
= Critical role in EWSB, NP, ...
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~-4M top quarks produced in 2011 (Vs =7 TeV)
~-24M top quarks produced in 2012 (Vs = 8 TeV)
~-13M top quarks produced in 2015 [Vz = 13 TeV)

.
Era of Precision Top Quark Measurements

At peak instantaneous
luminosities @ ATLAS & CMS:
~2 top pairs/sec

~1 single top/sec

were produced during
2012 data-taking!

(per expenment)

Overall from both experiments combined:

Cross-section values taken from:
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Top Quark Mass (LHC)

ATLAS+CMS Preliminary LHCIOPpWG m,, summary,/s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
Miep = 173.34 £0.76 (0.36 & 0.6:?) GeV ey fotal (statt syst) s Ref
ATLAS, l+jets (%) I—|—l-—-l—-l 172.31+£1.55 (0.75£1.35) 7Tev []
ATLAS, dilepton (*) I—I—H—l—| 173.09+ 1.63 (0.64+ 1.50) 7 TeV [2]
CMS, l+jets F—He—— 173.49+ 1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton I—l—o-l—l—| 172.50% 1.52 (0.43t 1.46) 7 TeV [4]
CMS, all jets I—|—'0—|—| 173.49+1.41 (0.69+£1.23) 7 TeV [5]
LHC comb. (Sep 2013) = 173.29+ 0.95 (0.35+ 0.88) 7 TeV [6]
World comb. (Mar 2014) I-H'-H 173.34+ 0.76 (0.36+ 0.67) 1.96-7 TeV [7]
ATLAS, l+jets ——o—F 172.33+1.27 (0.75+ 1.02) 7 Tev [8]
ATLAS, dilepton i 173.79+ 1.41 (0.54+ 1.30) 77eV [8]
ATLAS, all jets H—-—H 175.1£1.8 (1.4£1.2) 7 TeV [9]
ATLAS, single top I —a—i= 172.2£2.1 (0.7£2.0) 8 TeV [10]
ATLAS comb. ([‘jf:é";ﬁ s 172.99+ 0.91 (0.48+0.78) 7TeV [8]
CMS, l+jets Hei- 172.35+£0.51 (0.16+£0.48) 8 TeV [11]
CMS, dilepton —toti— 172.82+1.23 (0.19+1.22) 8Tev [1]
CMS, all jets HeH 172.32% 0.64 (0.25£0.59) 8 TeV [11]
CMS comb. (Sep 2015) v 172.4410.48 (0.13+0.47) 7+8 TeV [11]
[1] ATLAS-CONF\2013-046 [7] arXiv:1403.4427
[2] ATLAS-CONF-20\3-077 [8] Eur.Phys.J.C (2015) 75:330
[3] JHEP 12 (2012) 10 [e] Eur.Phys.J.C75 (2015) 158
(*) Superseded by results [4] Eur.Phys.J.C72 (20122202 [10] ATLAS-CONF-2014-055
shown below the line : [5] Eur.Phys.J.C74 (2014) 2X58 [11] GMS PAS TOP-14-022
I R R T B N N 0 A A A N I I N
165 170 175 18 185
m,,, [GeV]
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Dominated by systematics
(Jet Energy Scale, b-quark fragmentation)



Top Quark Mass (LHC)

ATLAS+CMS Preliminary LHCIOPpWG m,, summary,/s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
Mhop = 173.34 +£0.76 (0.36 + 0.6.?) GeV Mep £ total (statt syst) 5 Ref o . ] — Std. meth. — Endpoints
ATLAS, I+jets (*) ——e—t 172,31+ 1.55 (0.75+1.35) 7TeV [1] CMS preliminary projection _ =" _
ATLAS, dilepton (*) I—I—H—l—| 173.09+ 1.63 (0.64+ 1.50) 7TeV [2] ; 4 - y > 4
_ : B Bracant 30 fb 300 fb 3000fb"
CMS, l+jets = 173.4911.06 (0.43£0.97) 7 TeV [3] QD B 13 TeV 14 TeV 14TeV 7
CMS, dilepton —t+—t 172.50+ 1.52 (0.43+ 1.46) 7Tev [4] (O] 3.5 -
CMS, all jets I—|—'0—|—| 173.49+1.41 (0.69+1.23) 7 TeV [5] — B 7]
LHC comb. (Sep 2013) |—|--|—| 173.29+ 0.95 (0.35+ 0.88) 7TeV [6] _B‘ 3 [ -
World comb. (Mar 2014) H+H 173.34+ 0.76 (0.36+ 0.67) 1.96-7 TeV [7] S B -
ATLAS, l+jets H——+H 172.33+ 1.27 (0.75+ 1.02) 7TV (8] E 25 E E
ATLAS, dilepton —f=—t 173.79£ 1.41 (0.54+ 1.30) 7TeV [8] Ll & .
ATLAS, all jets E—I—-—H 175.1£1.8 (1.4£1.2) 7 TeV [9] 8 B ]
ATLAS, single top ~ b——t—s—tmi—i{ 172.2+2.1 (0.7+2.0) 8 TeV [10] c 2F -]
ATLAS comb. ({22 - 172.99+0.91 (0.48+0.78) 7TeV [8] - C ]
CMS, l+jets HeiH 172.35+ 0.51 (0.16+0.48) 8TeV [11] 21.5 :— —:
CMS, dilepton F—tefi— 172.82+1.23 (0.19+1.22) 8TeV [11] E"" - .
CMS, all jets HeH 172.32% 0.64 (0.25£0.59) 8 TeV [11] —_ 1 &l A
CMS comb. (Sep 2015) i 172.44+0.48 (0.13£0.47) ee__7:+8 TeV [11] E B n
: [1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427 T C - n
[2] ATLAS-CONF-2013-077 [8] Eur.Phys.).C (2015) 75:330 P 0-5 B T ]
[3] JHEP 12 (2012) 105 [0] Eur.Phys.J.C75 (2015) 158 : :
(*) Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055 B n
shown below the line : (5] Eur.Phys.J.C74 (2014) 2758 (1] CMS PAS TOP-14.022 0
TR T R T AN S TN AN T T N N N SN SN MO N N
165 170 175 180 185 Already ahead of projections !
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My, vs M,,

Electroweak Precision Observables Vi - W
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(*) Tevatron measurement with FULL dataset to come

(**) Indirect constraints now superior to some precise direct W, Z measurements

Indirect (EWK fit): My = 80.359 = 0.011
Direct (World average): M,, = 80.385 £ 0.015



M,,: LHC enters the game !

Start with W-like measurement of the Z mass in muon channel

(replacing one muon by recomputed MET)

= Proof of principle analysis
» Quantitative validation of analysis techniques
« 7 TeV dataset (low PU)
« Scale/Resolution from low mass resonances
» Several observables (pT“, M+, MET)
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Results (depending cn obeervable used):

Statistical errors:

QED radiation:

3546 MeV

Total systematics: 28-34 MeV

~23 MeV (deminant)

Lepton calibration: 12-15 MeV
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Higgs boson Run | Grand Summary (1)

= (light) Higgs boson,

= my: Precise determination from H—yy and H—>ZZ—4 leptons (e, u)

mH =125.09 + 0.24 GeV (0, >

I I I I I I 1 I I I 1 I I I I 1 1 I I I I 1 I I l I 1 1 ! l I 1 I 1 I I I
ATLAS and CMS ——i Total Stat. =3 Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy - 126.02 + 0.51 (£ 0.43 + 0.27) GeV
CMS H—yy —e— 124.70 + 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ -4 | o | 124.51+ 0.52 ( + 0.52 + 0.04) GeV
CMS H—ZZ -4l ——— 125.59 + 0.45 (£ 0.42 + 0.17) GeV
ATLAS+CMS yy l-—EI—-I 125.07 + 0.29 ( £ 0.25 + 0.14) GeV
ATLAS+CMS 4 I—I_E—I 125.15 + 0.40 ( £ 0.37 + 0.15) GeV
ATLAS+CMS yy+4 == 125.09 +0.24 ( £ 0.21 + 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]
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Higgs boson Run | Grand Summary (2)

= Pure CP even state (0+),

ay in H—vyy, H>ZZ—4 leptons (e, u), H>WW

= Using kinematics in production and/or dec
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Higgs boson Run | Grand Summary (3)

= narrow width

= Width (I'y): probed via analysis of on-shell/off-shell part of H—VV spectrum

= 10ler—7————7—— 77— CMS 19.7 107 (8 TeV) + 5.1 fb™ (7 TeV)

% E E .g FT 1T | LI | L | L | L | T T T T r—
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= i r'm'x * 99> ZZ(B) ] 5 s Ml@—2zz _

S HE "11 o) I - [z MELAD, >0.65 |
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il T e ] 61 .

4 ...... —

2 —

-I 0-6 PR [ TR N NN NS SO NN T S SR SR N TIJ L
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m,, [GeV] m,, (GeV)

I, <23 MeV (ATLAS, W), 26 MeV (cms, z2)

+I'y>3.5.104 MeV (lifetime)
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c(gg9—
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VBF/ GggF

GWI—I/GggF
GZH/GggF
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BRYW/BR%

O

BR'"'/BR%
BR™/BR%
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Higgs boson Run | Grand Summary (4)

Using gg—H—ZZ as a reference:

(0,.BR; )=0c(gg—H—7ZZ)

G, BR'

Ogor

BR*

Observation of VBF Production at 5.5 ¢

(4.7 o exp.)

ATLAS and CMS Preliminary :éﬂ—és
LHC Run 1 - ATLAS+CMS
B ; —t 1o
—— —x 20
——— Th.uncert.
__:*— |
o
.
: o
—-.-:-—
———
IIII|IIIIillllllllI|IIII|IIII|IIII

-1

0 1 2 3 4 5 6
Parameter value norm. to SM prediction
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Higgs boson Run | Grand Summary (5)

Using gg—H—ZZ as a reference:

— ~ATLAS ©i K
ATLAS and CMS Preliminary >~ Q118 (6..BR,)=c(gg—H—77)
LHC Run 1 e ATLAS+CMS ! ‘ G,, BR*
— : —+ 16 g5l
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——— Th. uncert.
- —
—-:*—

Evidence for VH Production at 3.5 ¢
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Parameter value norm. to SM prediction "



Higgs boson Run | Grand Summary (6)

Using gg—H—ZZ as a reference:

G, BR'
ATLAS and CMS Preliminary ——ATLAS i
o ] Y~ CMS (0,.BR; )=0(g¢—H—2Z)
un - ATLAS+CMS : 5., BR*
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Higgs boson Run | Grand Summary (7)

Using gg—H—ZZ as a reference:

ATLAS and CMS Preliminary :éﬂ—és (6..BR. )=0( 20— H—s77) G; BR'
LHC Run 1 o ATLAS+CMS | 7T 5., BRZ
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Higgs boson Run | Grand Summary (8)

Constraints on tree-level Higgs boson couplings

E>|> L ! rorrrrrT ! T ]
_ 4L ATLAS and CMS , Lo
= = LHC Run 1 Preliminary _‘.,-—"! E
Assumptions: 5 10-1L — Observed TW ]
Resolve loops with SM content gls ~ E - SMHiggs boson E
(good precision on top from loop induced gg rate) <« . o[ B
107k ¢ =
BRBSM=O = - R b .
10—3 = w ’,-"'""“ N
10_45_l o | o =
S METT T 3
N S R . 3
2 08k $ L
2 8-2? E
[4y) 4E =
T 02 ¢ | =
0 N -1 I‘“ P 2
10 1 10 10

Particle mass [GeV]
Higgs boson couplings to gauge bosons and fermions firmly established (10-20% accuracy).
Compatible (within errors) with SM predictions:

H=1.09 £ 0.07 star £0.04 exp syst. £0.03 th.bkg 70.07-0.06 th. sigma
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Higgs boson Run | Grand Summary (9)

Constraints on tree-level Higgs boson couplings
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Higgs boson couplings to gauge bosons and fe@)&o(s firmly established (10-20% accuracy)

34 generation
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A Higgs boson... so ?

With the discovery of the Higgs boson, we have now a coherent theory of fundamental

constituents of matter and their interactions:
(forgetting about gravitation)

Quantum Field theory based on Gauge symmetries (< interactions)
Valid up to very high energy (up to Planck scale ?)

Leads to a meta-stable electroweak vacuum up to high scales
Compatible with (almost) all precision data available so far

Is it the end of the story ?

Dark Matter, baryon asymmetry, arbitrary parameters (number of families, ...), ...
NOT explained by SM.

But scalar sector related to the deepest problems of HEP
(hierarchy, naturalness, vacuum energy cosmological constant, flavor puzzle & CP, ...)

e

o\l A\ \ orforbidden decay (H—invisible, H—>pur.. ~2.5c excess in Run I 1)

High precision Higgs couplings measurements

Observe/Measure rare (H—Zy, H—>uu, H—cc, ... )

AL
¢

02 Di-Higgs production, Self-coupling.

Unitarity (Vector Boson Scattering)

Look at extended scalar sector (2HDM,...), new resonances, exotic matter....

19



Exploring new territories...




Increased potential in Run i

Min. bias pReE
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Single t (tch.)
tWW

agt] (o-L)

VBF

VH Channels above the line

. tiH r----=2%,  have 13 TeV data (2.2 fb1)
it (0.7 TeV) EE— v’

tt (0.9 TeV) 1 more sensitive

4a (1.0 Tev) ! than 8 TeV (19.8 fb)
gg (1.5 TeV)

99 (2.5 TeV) §
Z' o (2.0 TEV)

G* (3.0 TeV)
HSCP g (2.0 TeV)
W —tb (2.0 TeV)
XenXer (1.0 TeV)
Kenken (1.5 TeV)

Predicted cross-section ratios

> (oL)

13 TeV B TeV

A

1 10 10° 10° 10"

043 1ev’ O Tev

In 2015, with ~2-3 fb-1, only possible to ~re-observe Higgs, establish methods for future runs, ...
But discovery potential of heavy particles get a tremendous kink
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Re-discovering old friends (W, Z, top...)

Inclusive tt cross section [pb]

10°
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Events / 4 GeV
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... and Higgs !

H—>ZZ—4 leptons (e, )

CMS Preliminary 2.81b'1(13TeV) > 16IIII‘III\IIITIlIIIWII\|I|||IT||III‘II\\|IIII
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2.7 fo' (13 TeV)

| B IN NL  L  L L  LL

All categories summed
S/(S+B) weighted sum

CMS Preliminary

—m,=125.09 GeV, =

—— S+B fit sum
B component

S/(S+B) Weighted Events / GeV

" B component subtracted

... and Higgs !

Hoyy

¢ ATLAS Preliminary pp—H—yy
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In good agreement with SM...
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... and Higgs !

First look at ttH...
ttH, H—>W ttH (multi-leptons)
. 1:Ei Prefiminary ETﬂJ '[13TE"-'L1 14,CMS Proiminary lg_af;:m TeV)
3 1o 08 Gev, =07 1T Hadronie Tag £ ~electron-muon 2 0
8 gl . § Daa . Li‘":] 12 T
5 F i —— 5+B fit sum ] efut E;’fm
II.I::.I 10_— [T Flips
I
s
|-
£ A
:. E
g 4 S E—
WG 10 420 130 14D 1s0 180 170 180 o G:_ 'i""é"_:_ i ; , ]
m,, (GeV) N(jet, p_> 25 GeV)
: ~ +4.5
First 13 TeV measurements performed ttH(yy) U, =3.8 3%
= |n y, multilepton and bb decay modes _ -
o N | ttH(multilepton) {7 . =0.6""
= Similar sensitivity as Run 1 analysis obs —1.1
= Qverall in agreement with SM . +1.8
tH(bb) |4, =—2.07}%




BSM Searches...

Search for sbottom squarks, lepto-quarks, Z', W’, Graviton,...
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.. but only found W, Z, top & QCD jets so far ! (again)
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Unexpected Surprise ?

Search for excess over di-photon continuum
(either spin 0 or spin2 resonance interpretation)

A‘_.. %

@EXFERIMEMI

Two analysis (Spin0 or Spin2)
ET1>0.4m, , ET2>0.3m, (spin0)
ET>55 GeV (spin 2)

Simple analysis
Two high ET photons ( > 75 GeV),
At least one in barrel

Different search range and width
hypothesis depending on spin

~90% purity
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CMS Di-photon spectrum (13 TeV)

CMS FPreliminary 2.7 fb" (13 TeV, 3.8T)
EBE + D X
—— Fit model O E
b & N
t20 = |
w 10
(=R
m -
=~ =
L o
1

CMS FPreliminary

2.7 b (13 TeV, 3.8T)

[T IIIIII|
-
- o0
- =

EBEE

¢ Daia
— Fit model

. tio

+2a

Scthanyiingy

400 600 800 1000 1200 1400 1600

7400 600 800 1000 1200 1400 1600
mﬁéf(ground from sidebands data

m,, (GeV)

NEW wrt December 2015:
Data re-reconstruction, new ECAL channel-to-channel calibration
* (30% improved resolution, 10% improved sensitivity)
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Events / ( 20 GeV )
=)

CMS Di-photon spectrum (13 TeV)

CMS Freliminary 0.6fb" (13 TeV, OT) CMS Preliminary 0.6 fb™ (13 TeV, OT)
= EBEB # Data = | EBEE ¢ Data

! —— Fit model O 10 —— Fit model

i B :io s Bl :io

| t20 < T +t2 o

- g |

- S |

§ g

_ TR *

0T

Eﬁ
:
m
B =
400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
m, , (GeV) m, , (GeV)
NEW wrt December 2015:

= Add 0 T data (0.6 fb-1), with dedicated calibration, photon ID, vertex ID.
* 10% (additional) improved sensitivity
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Events /f 20 GeV

Data - fitted background
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NEW wrt December 2015:
= 2 analysis, depending on spin hypothesis
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Significance of the excess

CMS Preliminary 33" (13 TaV)
i i,
107
ID'EE—
: ! L_14x10?  |3a
0% = mr= .
: —J=0
B —J=2
1|:|-l1| 1 1 1 1 | 1 1
Sl 0 10 20 310 oy
m,, ((FaV)
I'm=1.4x1072

I /m, [%]

Largest excess around 760 GeV and narrow width
Local significance : 2.8-2.9 o (depending on spin
hypothesis)

Global: <1 &

ATLAS Preliminary
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§]
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|
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I
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.
n

on

= SN e W
N
Local significance [o]

S o
&n

1s=13TeV, 321" Spin-0 Selection

Largest deviation from B-only hypothesis

v my ~ 750 GeV, [y ~ 45 GeV (6%)
v Local £=3.90C
v Global Z=2.00
* m, = [200 GeV - 2 TeV]
[ /my = [1% - 10%]

(3.6 o for spin 2)
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What about 8 TeV ?

=  CMS performed 2 analysis in the past = ATLAS re-analyzed Run | data

= Combination with 13 TeV with most sensistive 8 TeV analysis (latest calib, Run | selections

 oMS pmmen wswwTn s but Run Il analysis methods)
ﬁn_gnﬁ, I:I‘,' h.l; cmMs f,',"’:f’ui’u'ziﬁ.i"%"' ] = g T T T g
= b e e e S i 3 ATLAS Preliminary =
7 L S 3 o = _—— 2 - Data .
o - % - 7 1 E —— Background-only fit 5
' R 2 el Spin-0 Selection N
= fs=8TeV, 203" =
- 10 -
EXO-12-045 - = 5
| ] HIG-14-006 - =
500 1000 1500 2000 2500 3000 3500 10 e A00 400 500600 ';',.m']' 800" e =
ry (GeV) , [GeV] = =
CMS Pren'ﬂ'nhm}r _ 3.:31h‘[1:3.‘re1.r}.15._rlj[:‘(31w] 11]'125 =
: Dok = LT
= =
2 105 3
2 = 1 3
0 e T oE E
S E
- hoqaxioty2 E -1{];—I —z
107 —— Combined 200 400 600 800 1000 1200 1400 1600 1800
ceee BTaV S . 0 ] o . ) [Gel'\lll]

L ce-ee {aTeV 1N= TT =
) - =P T 19 0atmye =750 GeV, [im = 6%
52107 6107 7:10% 8107

Mg (GeV) *  Compatibility with 13 TeV scalar
> Largest excess at 750 GeV and narrow width v gg (scaling: 4.7) = compatibility: 1.2 &
= LocalZ:34c (Runl + Run") v" qq (scaling: 2.7) = compatibility: 2.1 o

* (Global 1.6 o) (nothing for spin 2 analysis) 33




Events/20 GeV
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10°

102

What about other decays ?

X—>Z(—-ll)y (Run )

19.7 fo' (8 TeV)
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Not conclusive yet...
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Cumulative number of submissions [by @DrAndreDavid]

What could it be ?!

(almost) 750 explanations...

#Run2Seminar and subsequent yy-related arXiv submissions
350

300

250

00 ~300 papers since
December...

150
100

50

A
(7]
-50
13 Dec 20 Dec 27 Dec 03 Jan 10 Jan 17 Jan 24 Jan 31 Jan 07 Feb 14 Feb 21 Feb 28 Feb 06 Mar 13 Mar 20 Mar 27 Mar

Date and time of last update (UTC)
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From A. Strumia

What could it be ?!

The Big Picture

= Spin 0 or Spin 2.
= Probably produced by gg. ¢ (gg—>X—vyy) ~6 +/-2fb
= Couplings to gg/yy induced by heavy fermions loop.

‘Who ordered that?' 20th particle, 2nd massive parameter?

Naturalness? Will it kill anthropics? Too joung to tell what it will become.

If broad, new strong dynamics: theory can be predictive.
If narrow, just add weakly coupled extra scalar and extra charged states.
SUSY: S could be H, A, v, NMSSM, sgoldstinos + sparticles in the loop...

Extra dimensional radion or graviton.
String models often have extra states.

Unification could give extra light multiplets.

Extended gauge group can imply extra chiral fermions, need extra scalars:

G extra 0 diphoton diboson
SU(3); @ U(1) @ SU(3). L.D ves no
SU(3), ® SU(3)p ® SU(3)e L,D yes yes
SU(2)L @ SU(2)p @ U(1) @ SU(3)c — ad hoc ves
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A mirage ?

(a.k.a., fluctuation !)




Perspectives

The discovery of the Higgs boson opens a new chapter in HEP.

» Physics is now at a turning point....

> If nothing but the Higgs, are we ready to cross the desert ?
= Understanding EWSB & its consequences is the beginning of a long journey...
= |rrespective of direct observation of physics at TeV scale, a rich program is ahead of us
at (HL-)LHC and future colliders
* Precision measurements, rare/forbidden decays, HH,...

» On the other hand, are we ready for the unexpected ?
= Will it come from the 750 GeV excess ?
= By ICHEP (August “16), we will have firm observation... or not !
= By 2016 (30 fb"), confirmation (or not!) with other decay channels (zy, VW—hadronic, ...)
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Total Integrated Luminosity (ib ')
e B = N N W w > b
5] (=] )] (=] [§)] o U o 8]

o
o

CMS Integrated Luminosity, pp, 2015, vs = 13 TeV’

Towards 2018...

7
Data included from 2015-06-03 08:41 to 2015-11-03 0625 UTC

| Offline Luminosity

I LHC Delivered: 4.22 fb!
[ CMS Recorded: 3.81 1 !

Date (UTC)

We are here

Total Integrated Luminosity [fb™]

LI R B A A B N L IR

- ATLAS Online Luminosit .
S5 [ LHC Delivered -

- [_]ATLAS Recorded / -
4T Total Delivered: 4.2 fb ( N

- Total Recorded: 3.9 b \ -
3 =

— ‘_!—,
2 -
Ly -
0:...|.. ]
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Day in 2015
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Towards 2018...

Total Integrated Luminosity [fb™]

1 1 I | | | | | ] 1 ] | | | | | ] ] ] | | | —]
- LHC Run 2 expected luminosity :
100 — |
- we’re going there
80 [  Physics will be quite different... ©
. And answers by then on SUSY,
60 I~ extended scalar sector,
- new resonances...
20 will drive the future of HEP !
= .
- o
2“ | we are -30
- here \ »
oL —— >
March December December
2016 2016 2018
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7 — C /-
C’Z’/SM \C’Z’/oquae( Q2 \II) T nggs (Symm. Break. )(q) Aa’ \Ijl

\_\-._./

From G. Isidori

\
! Y
= Elegant, Based on symmetries = Ad-hoc...
=  Completely define all possible fundamental = ... but necessary to describe reality !
interactions (EW, strong) = Related to the deepest problems of HEP (hierarchy,
= Massless particles naturalness, vacuum energy cosmological constant,

flavor puzzle & CP, ...)
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= D\~
P Significant re-thinking of the analysis needed to use data without
magnetic field.

No information on tracks momenta X
Weakens power of isolation
requirements
Complicates primary vertex selection
(based on recoiling tracks)

F ) , P
C / .})\;g at theg i , G
Data/recordedy 2015-86p- 1 1122:46:8 :

1

-
(d .‘I.l'
s ' -
> As¥y >
L g
4 e Y g
: y (. 4
\ \:‘ y ‘
¥ J

No energy spread de to brem/conversions
Better intrinsic energy resolution and simpler

ely extrapolation.

Use more information on
lateral shower profile.

17/03/2016 High mass diphoton resonances at CMS - P. Musella (ETH) 10
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CMS
B identification I)I |

P Vertex identification important to maintain good mass resolution.

.~ For 3.8T: use BDT (using recoil and tracks p_) trained for H - vy.
(see I.Kucker in Wed. YSF).

.~ For OT: simpler algorithm based on track-counting.
~ Correct assignments: 90% at 3.8T, 60% at OT

CMS Simulation (13 TeV OT)
— I I T
= - m=750 GeV, [m=14x10*, J=2. EBEB -
@2000 I True vertex l
i - —— Chosen vertex 0T i
o - Avg vertex position .
N15001 —
c - 9 |
S| Jﬂl _
> . g |
(N 0

1000[- }p ]f“L :

¥ NN

500} lf N 3
ﬁ #;1 1
20 7

\ h} d

40 760 780 800
m,, (GeV)

=t
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Higgs in Run I/l (13/14 TeV)

1000 ettt ——— : ———
Fratios of LHC parton luminosities: I
[ 14 TeV /8 TeV
o m,:,:_ —0g_ .‘ O14TeV/ OgTev O147ev [pb]
® [ - Ma ® gg—h 2.6(Mx=Mp) 49.5
= /i ® qg—qgh | 2.6(high My) 4.2
g / K ® ag—Vh | 21(Mx=Mv+Mp) | 1.5/1
5 op A ® gg—tth | 47(Mx=2M+My) | 0.6
_--""--.’.j - ’ f
__-——-—_‘:_'_'Z'_':J-.----i""r'
W L VST
115 I I I1IEIEI 1000 10000
M, (GeV)

ggF VBF Wh Zh

Higgs boson candidates for 300 fb' at 14 TeV:
tth total

14M1.3M0.5M 0.3M 0.2M 17M

— Access rare(r) Higgs boson production and decay modes

26K th candidates, 14K hh candidates
BRh—pu =0.021% BRh-z,=0.15% (BRh —zy—1, = 0.01%)

In 2015, with ~2-3 fb-1, only possible to ~re-observe, establish methods for future runs, ...

From R. Salerno
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Channel References for Signal strength [u] Signal significance [r]
individual publications from results in this paper (Section 5.2)
ATLAS CMS ATLAS CMS ATLAS CMS
H—yy [59] [60] L147030 L1143 5.0 5.6
M7 M 11 (4.6) (5.1)
H— ZZ — 4f [61] [62] 1.52704 104032 1.6 7.0
Coad) a9 (5.6) (6.8)
H—WW [63,64] [65] 1.22°037  0.90%03; 6.8 4.8
Co)  Co) (58) (5.6)
Horr [66] [67] 141703 0.884)3% 4.4 3.4
Cox) o (33) 3.7)
H — bb [46] [47] 0.62303 081703 1.7 2.0
Cos) o3 27) (2.5)
H — up [68] [69] ~0.6+36 009738
(£3.6) “33)
ttH production  [36,70,71]  [73] 1.9%53 2940 27 3.6
Cop)  Coy) (16) (1.3)
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Signal strength Ui =(0:.BRf)meas /(0:.BR¢g)theo = ;- pf

Cross-section per production Branching ratio per decay mode
mode (assuming SM BR) (assuming SM cross-section)
compared to theory prediction compared to theory prediction
ATLAS and CMS Preliminary --ELLSPAS
_LHE Fun 1: Eftl‘lﬂi-ﬂr'-m f;é.q:u:.:d CMS Praliminary : QLL:'S
B = T | - ATLAS+CMS
- u == r
Hoer —.— ——
[ 7z fp——
My 5 H —
Ham |—_ i _f
o TR —-.—_"'_
B _-I-:_ bt —
WY PTETL FFTETETT STUTTRTET] PRUT] BoT M :
0 05 1 1.5 2 26 3 35 4 T N SERTE PR PR R PR P
Paramelar valus o 05 1 15 2 25 3 35 4
Farameter valus

Global signal strength assuming SM ratio for all production and decay (—10% accuracy):

H = .09 + 0.07 star £0.04 exp syst. +0.03 bkg +0.07-0.06 th. sigma



4_IIII|IIII|IIII|IIII|IIII|IIII I'T 11 T 11 I TT1 IIII_
- ATLAS and CMS g
3‘_LHCRur'|‘I b
" Internal i
21 -
1 - _
i p i
| N i
C,__ _
i H— vy _
B H—Z7 -
1 Howw
- * SM —H8% CL H— 1t i
-+ Best fit H—bb -
_2_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
-1-050 05 1 15 2 25 3 35 4
f
“ggFHtH
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H — vy signal strength — vs £ and Time -

- 4 L | L | o | L | L | L
= - i Stand-alone results
= C - CMSMVAp - (and calibration etc.)
B 3.5 =+ CMSCUTu mature enough to
B . :
5 - 5 proceed with final
£ af = ATLAS u - run I combination
e f i 7
© g - s/
w250 ¢ | % 5 = 5N
T - & | 8 < . ~ 2
& ELi g : . - T
2 20 g1 2 : | 3 1 B 5
B - < “ A5 = . = e i
BEIEEETE 8 ¢ 1 8 g =
1.5 ¢ g || < < I S~ - S
S £ 2 . S .
-2 2 : P =
1._ ....... .g ............. g ............................... enenne e ot —
- Moriond 2012 _ i
N ICHEP 2012 | ]
0.5 . /
: L1 1 | ] L1 1 1 |. L1 1 | |. L1 1 1 | L1 1 1 | L1 1 : :
q] S) 10 15 20 25 _?D 25 30
L (fb™) L (fb™)
Luminosity | Time >
Adapted from B. Meridiani, May 2013 ;
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Decomposing the W events

Boson production/decay
I e ptD n JHEP 10 (2011) 132, arXiv:1107.4733 ' prDtDn PDF

BT * boson p; (QCD and EWK, higher order)
“;‘ 3’1”” = e - + boson decay (polarization+ FSR)
wfp 2 :
S
15 | -

number of events 5 Gelf

M, [GeV]

recoll=pusuesjets)

3/15/16 M.D'Alfonso (CERN) - Moriond EWK 2016



