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Welcome to the LHC run2

* Very successful LHC RUN1, with ~25fb"" delivered at \s=7,8 TeV

— Allowed to great results: Higgs boson discovery , B ->uu observation
LHC RUNZ2 started at Vvs=13TeV in 2015 delivering ~3fb""

— Final RUN2 expectation is 100fb-1, ~30fb-" at the end of this year
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The Standard Model in its full glory

April2016 CMS Prellmlnary

L i 7 TeV CMS measurement (L < 5.0 fb’ )
A § 8 TeV CMS measurement (L < 19.6 fb )
A i 13 TeV CMS measurement (L < 1.3 fb™)
,et(s) S - Theory prediction
: Z CMS 95%CL limit
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Higgs Boson at LHC
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— Improvements in detectors for Run2
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* (e.9. ATLAS IBL) and analysis techniques

_— Currently only = 15% of int. luminosity @8 TeV
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Mass of the Higgs boson

* H->yy and H->ZZ*->4|

combined

— 1-2% mass resolution

 Largest systematics from
determination of energy/
momentum scales of
photons and leptons
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my, = 125.09 £ 0.24 GeV

 Already a per-mil precision

— Small tensions between individual
measurements

m’"* —m>" =1.3+0.6 GeV (2.10)
-0.9+0.7 GeV (1.30)

ATLAS cms
my, — —my,
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Width of the Higgs boson

 SMwidth~ 4 MeV @ 125 GeV —> precision of
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Spin and Parity

* Diboson decay modes of the Higgs boson (yy,WW,ZZ) used to test Spin/CP
properties. The data strongly prefer the SM hypothesis J’/=0* . Almost all
alternative hypotheses studied have been excluded at 95% CL
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Eur. Phys. ]. C (2015) 75:476
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Tensor structure and CP-invariance of the couplings are also studied in ZZ,
@ WW and Tt decays, no deviations from the SM expectations have been found.

Roberto Di Nardo — CERN 7



Fiducial and differential cross section @ 8TeV

* The most model independent way to study the Higgs Boson properties
— Test SM predictions and look for hints of bsm physics

CMS Preliminary 19.4fb™ (8 TeV)
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% Roberto Di Nardo — CERN 8




ATLAS+CMS couplings combination: inputs

* ATLAS and CMS combination for the measurement of Higgs boson production

and decay rates and constraints on its couplings.

— Full LHC Run? data sample:5fb7at7 TeVand 20 fb' at 8 TeV.

* More than 600 experimental ggF | VBF | VH | ttH
- H — v
categories H s 77% s 4
— Each canreceive contributions from H — WW* — 2/2v
different processes H— 7T
. _ H — bb X X
— Each can bring information about H— pp X X

different couplings

Assumptions:
« Assume SM tensor structure (— SM kinematics)

« and Narrow Width Approximation:o(i—H—f)=0 [ /[,

TN
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ATLAS+CMS combination

Production modes

ATLAS and CMS Preliminary - ATLAS H; = = Mi X [
LHC Run 1 T oms ! (Ui)SM ) (BRf)SM
-+ ATLAS+CMS
— ; —t 1o
: —+20
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! Decay modes
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lNlWH _ Ty _._._s —tlo
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 ——— .
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W S e
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- V) —_—
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IIII|IIllllIIIllllllIIIIIIIII|I||I|IIII
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Parameter value
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p=1.09010 = 1.0979:97 (star) *3-9% (expt) *9-3 (thbgd) 297 (thsig)
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ATLAS+CMS combination

» Coupling strength modifier introduced to probe
new physics BSM

— Same coupling structure as in SM
— modify couplings with LO degree of freedom

Kz

O; — KJ? . O'Z(SM)
Kw

[y =k} -Tp(SM)
f o; - BRY K3 - "3? K
Hi = 5.(SM)- BRF(SM) _ T'y/Tn(SM) -
T

« Changing the couplings variation of Higgs X,

boson width
K

» 2 possible approaches: allowing or not |
extra BSM contribution in the width K,
— BRggy=0
— ky<1 (N-HDM) and BRgg, free BRgsw

* BRgg<0.34 at 95% CL

ATLAS and CMS Preliminary
LHC Run 1
——e
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—* 1o ——o—-
—*2c ;
.
. i
————
C——
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IIIIlllllllllllllllllIlIIlIlIIllIlIlIII
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Parameter value

TN
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First results @ 13 TeV : ZZ

* First 2015 data still not enough to reach run1 sensitivities
— Used mainly to re-establish a signal Vs=13 TeV

-1 -1 -1
> 16 '__rr YYYYYY T"YYTYYrrr?"‘»‘lva[;TYYYYTrr YYYY ’t IE 6 TT T[T rrr] |§|1 |fb|I(|7|T|e\|/)|,|1|9|7|ﬂ|)|(|8|T|elvl)'|2|8|flbl |(1|3|-I|-elvl)
() . ) ¢ Data . I iy ]
S 4t ATLAS Preliminary o vioos (m - 125 cev) 1 = [ CMS Preliminary ]
- - z " ] O T -
g i H—-2ZZ —') 4| = Zojots, 1 o 5 — ¢  Data (stat. @ sys. unc.) —
B 12 13Tev, 32 sV, VWV = Systematic uncertainty ]
€ - 777 Uncertainty - -
@ i ) 4+ |:| Model dependence —
> - — T S
L 10 . ) RN *! Standard model (m, = 125 GeV) ]
8| . iy =
. E N N
6| . 2F SEHnu N
4 ~ 1: """""""" ]
r pp > (H—-4l)+X -
2 L N
O CT1 1 I 11 1 1 I 11 1 1 I | I I 11 1 1 I 11 11 I 1111 I 11 1 1 I 11T

7 8 L SRt JCO RS S A2 s U

080 90 100 110 120 130 140 150 160 170

CMS-PAS-HIG-15-004 /s (TeV)
ATLAS-CONF-2015-059 m, [GeV]

* Signal extraction for mH=125.1 GeV using m4|
— Cms also included a first categorization for VBF
— Expected significances above 3s, observed strength y ~1 for cms, p 0.3 for

ATLAS
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A peculiar H->Z7->41 candidate
m;=2TeV  M,=128.9 GeV

ATLAS

EXPERIMENT

Run Number: 280862, Event Number: 53564866

Date: 2015-10-02 16:24:44 CEST

I__- I DN

i Roberto Di Nardo — CERN




First results @ 13 TeV : yy

» Requires good photon identification and reconstruction

« Several improvements wrt RUN1

CMS Preliminary

2.7 (13 TeV)

- S
— ie. PU stability of photon isolation 3 - All categories summed
y P = 100 Me125.00 GeV, ji=0.7 S/(S+B) weighted sum
* Bkg from diphoton production and fakes £ ¢ Data
8 e — S4B fit sum
< e L T L L L e S JA
= F ATLAS Preliminary : B 600 8 component
Y 7B s 2 i to
- pp—H—-yy =) M+2o
60 1s=13TeV, 3.2 b’ E g 400
- m,, = 125.09 GeV | .
: S m
Slav — Stat. ® Syst. S o .
N L/ = CMS-PAS-HIG-15-005
4:“ ' - n 0 . P T T T e
3 \ = 100, " B component subtracted 1
: : sob- ¥, 3
2 - t L ) 3
- . 0 .- : -
| | madadd e e L L e LT e L L et — g )/’ Y ‘?f'f Ty # 3
0:| L1 1 1 l L1 1 1 I 11 1 I—I 11 l L1 1 1 I L1 1 1 I l: ) w; .. ‘ - — 17 '_3
50 0 50 100 150 200 250 300 ' wdii Al A0 A 0. .. ("Gev;’
ATLAS-CONF-2015-060 Nq CMS-PAS-HIG-15-005

 ATLAS: fiducial xsec measurement

Cross section result

o1, = 52 + 34 (stat.) T2% (syst.) £ 3 (lumi.) fb
om = 66.17%% fb

 CMS: full prod. Mode cateqorization

Signal Strength

m p=0.691937 at my = 125.09 GeV
a 1.70 significance (2.70 expected)

Roberto Di Nardo — CERN
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First results @ 13 TeV : ttH

* Quite complex final state, investigated in several H decay channels
« H— bb: high statistics, large background and systematics,
combinatory

* H—vyy:low background and low statistics
 H—>WW/ZZ/tt with same sign or 23 leptons: fake lepton and ttV

background
CMS Preliminary 2.31" (13 TeV) CMS Preliminary 2.3 (13 TeV)
(72} AP L B L B B B | §2] N o R B L I B
;C: 18:;53'6 trilepton 7 S 135;:Hta dilepton 3
o 1eFETw 4 o CETwW ]
= ] 16 Fa = m,, = 125 GeV 23271 (13 Tev)
FOre e AN ] I 20F
N Fal —: li 135 - CMS
1 S 18r .
E o - Preliminary
1 € 16
= g r ttH production limits
E 'q;)_ 14~ _e— Observed
- L .—.—
2 4oL Expected
j r [ +%o Expected
(@] 10F [ +2c Expected
. . IIIIIIIIIIIIIIIIII\ X C
|3 3 8 o
£ £ o :
= = 6
© @© o
g < i
o T = 4F
05 1 15 2 25 3 35 ' 4 C
MVA (ttH, tt/ttV) bin MVA (ttH, tt/ttV) bin 2
|- | | |
0
. _ Combined H—leptons H—bb H-yy
» Best fit: M= 0.15+0.95—0.81 HIG-15-008 HIG-16-004 HIG-15-005

e Limit: p < 2.1 (1.9 expected for no ttH)

=25 » Close torun 1 sensitivity
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Going beyond the SM: High mass resonance
searches

7\
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How to find a new resonance

» Several ATLAS and CMS analyses designed to ’
be sensitive to possible BSM physics

— Sequential Standard Model (Z’,W’, spin-1);
— Randall-Sundrum graviton (RS G*, spin-2);
— Bulk RS graviton (Bulk G*, spin-2)

— HVT Model

— extended Higgs sectors (spin-0)

events

« Simplest way is to search for excess (bumps) myy
over smooth background

— Usually bkg fitted using functions or predicted with
MC simulations

— Considered various final states
* For high mass scalar (& graviton) searches
mainly focus on diboson decays

— Above mX~1TeV boosted topologies of Vector
boson decays are extensively investigated

@ Roberto Di Nardo — CERN 17




Scalar searches in diboson: Z.Z and WW

'.g_ L L 'j E: ? ATLAS Prellmlnary Obe | E
= 102 ?T’;‘:?e'\a,'i"zr?;'?a'y — Combined Observed S qop M . E:p.' -
< R - Combined Expected 3 1 premreTeveen S ]
L 10 —qqqq vag & 1F NWA E
5 llag —waq  ° s f :
B R - 5 0 3
! T E |
o . 1 102 =
T 107g = °
of E > 10360~ "4000 1500 2000 2500 3000
10 g_ . my [GeV]
10° Scalar—’VV(quq+Iqu+wqq+qqqq) 3 e !
. o L R 81°F  ATLAS Preliminary + Data
500 1000 1500 2000 2500 3000 g X ;’ZTEV' e g ;‘“f‘;{; %\
& 10? B op Qu: \5
mScaIar [GeV] Tagged Resolved SR g ;l\:;‘ib( p_;,;_p
-~ s
* Pletora of new results exploiting the power of 1ot "
the 13 TeV c.m.e. ol
— Up to now no evidence of excess in a wide mX - 5Ny
range - =TT,
103 G e T T R
« ATLAS 2TeV run1 excess not confirmed, replaced by 3 1-5---;——--‘ ------ 1 ----- nrane
amild excess @ 1.6TeV E"”"*'ﬂ’#'" J‘Jﬁ* """""""
005f-------- ‘l—-«— - R

A 0 200 4(;0 6(I)O BCI)O 10‘00 1200
< m(tjj) [GeV]
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* Very clean final state

Diphoton final state

— 2 isolated high pT photons reconstructed in the EM

calorimeters

« ATLAS: Largest deviations ~ 750 GeV
—spin0and ' X=45 GeV (6%): 3.9 0 local significance,

z-global=2.0 o

— spin 2 and k/MPI=0.2 (I s =6% mg), 3.6 0 local

significance, z-global

=180

* CMS: Largest deviations ~ 760 GeV

—spin2and [ /m=1.4%, 2.9 ¢ local significance
(2.8 0,spin 0), global significance <10

— mostly from EBEB categories, driven by 3.8T

T'y/m, [%]

ATLAS Preliminary
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Compatibility and combination with Runl

TH

L N B S R B N B ) B B R NN S B S S S B B S R

ATLAS Preliminary

CMS Preliminary 3.3f"' (13 TeV) + 19.7 b (8 TeV)

2 F E o
° 10 Data — Q § EE
(3] 3 K '
2 —— Background-only fit EEE __h _
& 10 = . . E! 10-1 RN 5 :3”
3 = Spin-0 Selection 3 E : 2
10° Vs =8TeV, 20.3 fbo" E C i ¥
10k - CoH T
102 .
i3 E - ik
oL . N ' L -1.4x10*J=0
3 Y eEr] SEEEEEEFEREEEEE m=1axW 9= 130
B ]‘ IR 107 —— Combined
3 15 — -
5 10 [ = L 8TeV
g s | } 3 022 + 13TeV
g o l é‘l. l‘ ‘ = 10-4 | 1 1 1 1 | 1
£ E
TS || : . 5x102 10° 2x10° 3x10°
5 105 |[f I E mg (GeV)

200 400 600 800 1000 1200 1400 1600 1800

_ _ m, [Gev] » CMS: Largest excess observed at 750
* ATLAS: re-analysis of 8TeVwithlatest <oy and for narrow width.

runi calibrations N _
. — Local significance: 3.4 0
—1.90 at750 GeV, [ /m=6% — global significance 1.6 0

’ Compatlplllty with 13 TeV. s.cf‘alar « Combined xsec (8/13TeV ratio 0.22):
— gg (scaling: 4.7) —compatibility: 1.2 0 _ BR(yy)~4 %15 fb
@— qq (scaling: 2.7)—compatibility: 2.1 o
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terpretation?

* A lot of ideas from theorists since

December 2015 to explain the excess

* gg production mode preferred to

* In case of just SM+750 resonance, hard to

conciliate with run1 observation

— Achievable also assuming a parent
resonance (extra activity should be present)

explain such high yy rate (tt, WW open)

— Easier if include vector-like fermions

* Large width scenario very intriguing

— Difficult to achieve in vanilla models

— Portal to DM (invisible decays)

Possible in

»---

channel

013TeV
O8TeV

4.3

5.1

5.4

99

4.7

Y

Cumulative number of submissions [by

P/ k

/7y ‘-“ /
O { L JEEREEY ¢
\ D) \

#Run2Seminar and subsequent yy-related arXiv submissions

i
Y
n

500
400
200 !
2 Ik ‘
B0 Ejis
h=)
=
<
5100
e S|H
0
o910
Dec2015  Jan2016  Feb2016 Mar2016  Apr2016 May2016  Jun2016
Date and time of last update (UTC)
a(pp — 7v) /s =8TeV Vs =13TeV
narrow broad narrow broad
CMS 0.63+0.31fb 0.99+1.05fb |4.8+2.1fb 7.7+48fb
ATLAS 0.21 £0.22fb 0.88+0.46fb | 5.5+ 1.5fb 7.6 £ 1.9fb
final o at /s =8TeV o at /s =13TeV
state f observed expected ref. | observed expected ref.
eter,utp~ | <12fb <12fb [3] | <5 <5fb [78]
Tt <12 1b <15fb [3] | <60fb <67fb [79]
Z~y <11 fb <11fb [3] | <28fb <40fb [80]
YA <12 fb <20fb [3] | <200fb <220fb [81]
Zh <19 1b <28fb [3] | <116fb < 116fb [82]
hh < 39 b <42fb [3] | <120fb < 110fb [83]
WrWw- < 40 fb <70fb [3] | <300fb <300fb [84]
tt <450 fb < 600 fb [3]
invisible | < 0.8 pb 3]
— bb Sipb  <lpb  [3]
jj < 25 pb 3]




Conclusions

* LHC run1 very successful Higgs physics program

— After the Higgs boson discovery, clear transition from the
discovery to the “precision” measurements mode

KEEP

— Big effort spent to characterize as much as possible the
Higgs boson with the available data

* Mass, couplings, spin and parity, width... CALM
* Run 2 started in 2015 AND
— Collected already ~4 fb' of dataat 13 TeV used to already WAIT FOR

re-asses the h(125) MORE DATA

 Already first measurements in diboson decay channels and ttH
prod mode

— By the end of this year expected ~30fb™" of data

» This will allow to improve the precision of current Higgs related
measurements

— News about the 750GeV yy “mild” excess already expected
for summer conferences

We will know soon who will be the survivor of the LHC western
Roberto Di Nardo — CERN 22




The LHC western
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The LHC western
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* Combination of ZZ—4l, ZZ—1lvv and WW—evuv final states

o ZZ—41: ML fit to ME-based discriminant used to enhance separation between gg—H*—Z7Z
and gg— 727 , qq—ZZ backgrounds in the m,, range 220-1000GeV

* ZZ—1lvv : ML fit to the m.“% used as disctiminating variable to enhance sensitivity to

gg—H*—77 signal in the m %% range 380-1000GeV

* WW—revpv : ML fit on the yield in the signal region defined by gg - \/mfl +(0.8m"" )* > 450 GeV
Main qq—WW and top backgrounds normalized from control regions

* Main systematic uncertainties from theoretical knowledge of gg—H*—VV signal gg—VV
background and their interference and of the qq—VV background
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Ttbar resonance search
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