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On July 4t 2012 reported both
experiments reported ~50 effects
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The search for heavy

bosons in the di-photon
Invariant mass spectrum

Back in December 2015 the ATLAS and CMS
collaborations reported similar excesses in the region of
750 GeV in the di-photon invariant mass spectrum

These excesses have triggered a burst of theoretical
papers (over 400)

Major updates coming from experiments expected in
August at ICHEP 2016, in Chicago.



Photons are selected with dedicated Identification and isolation
criteria. Spectrum fitted with background-only unbined likelihood fit
Results for Spin-2 search yield similar excess in the 13 TeV data
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The CMS experiment
classifies the photon
pairs according to two
categories, denoted as
EBEB when both
photons are
reconstructed in the
barrel electromagnetic
calorimeter and as
EBEE when one of the
two photons is

observed in the endcap

Each category is

further subdivided into
events recorded with
de full magnetic field

of 3.8 Testla and

off.
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ATLAS fs=13TeV, 3.2 b’ Spin-0 Selection
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3.3fb (13 TeV) + 19.7 fb™ (8 TeV)
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ZZ and WW resonance
searches
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CMS-PAS-15-004

H — 4/

=

7p)]
, CMS Preliminary 28" (13Tev) O
_10°F B
g —— Observed 95% CLs b
S £ == I'=0, expected = 1 s.d. | C
<1|\- ....... I'=0, expected = 2 s.d. o
& I =5GeV =
T o St S N SRR I =20 GeV E
o A R s Sy I =40 GeV -
(R 1 i1\ A TR Nty —J
I LA - O
- I o
b a s\ Lo .':-:-:.:.:. :.. :. :.:-:.:.:_:_-.‘_ T o\
dddddddddd Lr)
U= o>

200 300 400 500 600 700 800 900 100
m,(GeV)

First Run Il study with CMS
Analysis performed for different
assumptions of widths

H>ZZ,WW combination Run |

—h
o
w

I T TTTTH

—k
o
\Y)

—
o

%

—h

—h
<

1072

CMS pi05.1 10 (7 Tev)

19.7 07 (8 TeV)

= Combined

+ upto

- == Combined (exp. * 20)
H—WW —-2(2v—H > WW - (vqq
H—>2Z >202v —H->2ZZ - 4¢

H - 2Z — 202t

H - 2ZZ - 2{2q

I TTTTT

N

-
-
-
-
-
-

I 1
200

I !
800 10
m, [GeV

| I | | I 1
400 600

12

0C



Events / 20 GeV

Data/SM Pred.

Events / 50 GeV

Data/SM Pred.

L BRI B BLAL LI B
ATLAS Preliminary —e— Data

H—>ZZ—-lvv

BRI e o e
==7= ggF H (300 GeV)

; ggF H (600 GeV) -.>. ggF H (1000 GeV)
Vs =13TeV, 3.2 b 3 Z(ee/up)+jets CJtt
[ q9-ZZ [
m 99722 [ Single Top
[ Z(zt)+jets /a ww
[ Triboson [ ttV+ttvv

[ W+jets

Stat. ® Syst. Unc.

1ZAZA7L NN VAT
1.8F7 I . 7
i __
| 77 o G 4 2 v 2 Z
82 Z 4 '||| . 7 %
e L 7 Z
0.2E i i o “Azfzééi
0 100 200 300 400 500 600 700 800 900 1000
miss
Er™ [GeV]
L S L s B s B B
50— ATLAS Preliminary —— Data -++- ggF H (300 GeV) _]
[ & ggF H (600 GeV) -z ggF H (1000 GeV) |
- \s=13TeV, 3.2 fb 5 qqo2Z Wz .
L HoZZ-livv B 9g—ZZ [ Z(ee/nu)+jets ]
40— B tt/Wt/Z(tt)+jets/WWE] Triboson —
- [ ttvitvyv [ Fake Lepton -1
C Stat. ® Syst. Unc. T
30— —
201~ 7 =
10— —
ok L Lo L]
1.8E A 3
160 -- :
1'35 B T 7~
' 1E X 'A Z Z AV 7 4 2 ; ///I;
W %Y % 77 A
0.6F [
0.4E L 3
0.2E

o
N
o
o

400 600 800

1000 1200 1400
mZZ [GeV]

95% Limiton ¢

ATLAS-CONF-2016-012

10°

10°

1

300 400 500 600 700 800 900 1000

LT TATII

.,
Q

- H—>ZZ-lvvy

ATLAS Preliminary
13TeV, 3.2 fb™

----Expected Median
Expected +1o
Expected +2c

— Observed

| lIIlIII| L 1oL

1 1 IIlIII|

:IllI|IIII|IIII|IIII|IIII|IIII|IIIIE

m, [GeV]
Good understanding of MET essential,
achieved already with first Run Il data

13



. ————
F ATLAS Preliminary
[ 5-13TeV, 3.2
E X+ 27 — llqq

F  Merged SR

Events / GeV
2 3
1 1

10'F

———7—T—
4 Data

[ NWA H (750 GeV)
1 Z+jets

[ SM Diboson

[ Top Quarks

v, Stat.PSyst. Uncert.
=== Pre-fit background 7

200 400 600 800 1000 1200
mieeJ) [GeV]
=100 E” T ™ T T ]
& ATLAS Preliminary + Data

P i 13TV, 3.2 1 NWA H (750 GeV)

5102 i e

2 X ZZ - liqq L1 Z+jets 3

Untagged Resolved SR =1 Top Quarks ]

102 [ SM Diboson -

v, Stat.@Syst. Uncert.

10!

Pre-fit background ]

1)
o
3 1.0 *.-o-o—‘—"-c—‘—“—_.—_- =1 :i_:k
©

1000 1200
m(eejf) [GeV]

ATLAS-CONF-2016-016

10°

I|IIII|IIII|IIIIIIIIIlIIIIlIIIIlIIII

ATLAS Preliminary —e— gpserved (CLs)

102 99—H->2Z-llgq ... Expected (CLs)  __
= -1 =
E \s=13TeV, 3.2 b + 16 E
I + 20 |

10

107"

IllllllllIIIlllIIlllllIIlIIllIIlllll

300 400 500 600 700 800 900 1000
m, [GeV]

1072

95% C.L. limit 6(gg—H)xBR(H—Z2) [pb]

Complex analysis that includes b-
tagging and boosted (fat) jets

14



/'h
\‘h

hh resonance searches

/'h
\‘h



CMS-PAS-HIG-16-011

Events / 0.02

Data/ MC

v
14

H v
14

4 CMS Preliminary 2.30 fb' (13 TeV)
@1 O - L L L : L L I L L B B B J:
- — — _ @ g B —e&—— Observed 95% upper limit ]
X N o § T Expected 95% upper limit 1
H 'ﬁ B Expected limit + 1 std. deviation ]
T Expected limit + 2 std. deviations |
b T i
E ——————— radion (Ag=1.0 TeV, kL=35)
= 543 _
b X 1 O 2HDM, tanB=0.10, cos(p-a)=0.10 ]
f _______ ?;S:? GeV, mh=125 GeV, m,=my=m_. 7]
CMS Preliminary 2.30 fb" (13 TeV) ? _______ ]
L L A L L A L AL RN LI
160 :_ uu + ee + pe + ey channels ¢ gia;:al o) = Lt;ren-van _: % —
C — my = 400 GeV [l Single top "’>< —
140 — — my = 650 GeV A% - TN Ny
C — my = 900 GeV [ 1tV ] TN T
120 [ Uncertainty SM Higgs | %1 02 ......................... . —e
= . \b/ .................................................. ]
100 — — c -
u m o ! i
80 ;— _; E : |
"t R | |
40 [ ] X | "~
C : 8 W : \N"\.
20:_ _: I B R TE N S R A N SRV I ARV M B AT A e S R AN B
o ] 200 300 400 500 600 700 80(9 900
spin-
my (GeV)
- . -
Sophisticated analysis based

BDT output

on a multivariate technique

16



ATLAS-CONF-2016-004
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Heavy Scalar and
Dark Matter
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Prospects for
2016
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Total Integrated Luminosity [fb™]
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May get ~30 fb-! this year alone




Stay tuned for massive updates
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Higgs production at

Hadron Colliders and
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Gluon-gluon Vector Boson Associated Production
fusion Fusion
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o(pp — H+X) [pb]

Higgs Cross-Sections at LHC
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Main Decay Modes
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In the standard model there is a physical state, a
Higgs boson with well defined couplings to weak
bosons, fermions and self interactions

Self-interaction Fermion

HHH:(i)3"—7;/%L Hff: (i)=L

HHHH : (i)3—4

HHW, W, : (—igp,,,)Z—g%K

The exploration of the coupling to weak bosons plays
now a pivotal role in understanding the nature of the
scalar boson observed experimentally. New physics
can be hidden in these couplings.
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doy/ dp_ [fb/GeV]

data / prediction

When measuring the Higgs boson transverse momentum certain
discrepancies were found with the Standard Model
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Compatibility with the SM (HRes) is 2%
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ATLAS-CONF-2016-012

Variables Cut Values
Lepton prt (leading, subleading) | >(30 GeV, 20 GeV)
Myp 76-106 GeV
Emiss >120 GeV
ARgg <1.8
AG(FEE, Emiss) >2.7
Fractional pt difference <0.2
Number of b-jets 0
AG(E™iss  jets) > 0.4

p,‘l’f / m%z < 0.7
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