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The SM Higgs Boson In Run |

Higgs discovery and many

properties measured using the s 7TV Lost b Vo8 TV Lotort T
Run | dataset delivered by the > - o 7 S
Large Hadron Collider 8 - Elmu=126 GeV . N\
. : . B Zy*,ZZ :
= Discovery of the higgs via ® 30f -zi_x 1 I
decays to ZZ and yy ® r - O
: c 25 ~ O,
= Some excess seen in ttH o I . o
= |ndividual experiments saw W 20 =
evidence for couplings to -] . On
. 15 — | ] @)
fermions . (i 1 =
- Combination across CMS 10F = =
and ATLAS >5 ¢ F | ’ '-IH | 1 »
= Combination of ATLAS and aee A HIR SR, Tkt (1] 1] E -
' it s £t | 191 .
CMS results leads to a total 0 0 !ﬂ‘“mlll!! - "'-L =iz : ls = 3
higgs boson cross-section of m, (GeV) N
1.09 +0.11 times the SM rate 4l
O
Run | Legacy Papers: %
- Couplings ATLAS: Eur. Phys. J. C76 (2016) 6 o)
CMS: Eur. Phys. J. C (2015) 75:212 —
- Mass Combination: PRL 114, 191803 (2015) =D—'

- Bibliography in Backup
Run |l brings a larger dataset at a higher center of mass energy!
— Continue diving into the properties of this new particle u




LHC Higgs Cross Section Working Grong

Thanks to the long-standing
collaboration between Theorists
and Experimentalists many
Interpretations analyzed

arXiv:1610.07922v2 [hep-ph] 15 May 2017

CERN Yellow Reports: Monographs CERN-2017-002-M

Volume 2/2017

Handbook of LHC Higgs cross sections:
4. Deciphering the nature of the Higgs sector

Report of the LHC Higgs Cross Section Working Group

Editors: D. de Florian
C. Grojean
F. Maltoni
C. Mariotti
A. Nikitenko
M. Pieri
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Higgs Production
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Higgs Decay Modes

Standard Model Higgs with mu = 125 GeV:

bb - 57% of decays

- Large branching fraction LHC X-Section Working Group
but also has a large T T T T
bb WW

background rate

WW - 21% of decays
- Large number of events,
complicated kinematics
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- Very pure final state, low M, [GeV]

Yield, discovery channel!

vy - 0.2%
- Well parameterized
background, discovery
channel!
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SM Higgs Talks at SUSY 2017

Talk Title  Day  Time | Speaker

Measurement of the SM Higgs boson mass in the diphoton and 41 | Monda 14-00 :Marcello Fanti
decay channels using the ATLAS detector ’ y: % : (University of Milano and INFN)

................................................................................................................................................................................................................................................

Measurement of the Higgs Boson cross sections and properties in the 14:20 Marco Sessa

diphoton, ZZ and WW decay channels using the ATLAS detector | M _?_T? ____________________ (INFNRomaTre)
: | . 1 1.1~  Tyler Ruggles

H(125) Decay to Fermions at CMS i Monday - 14:40 - (University of Wisconsin- Madison)

H(125) Decay To Muons at CMS Monday 15:00 Adrian Perieanu

(University of Hamburg)

Measurement of the Higgs boson cross sections and properties using Monday 15:20 Quentin Buat
the bb, Tt, and uu decay channels with the ATLAS detector i i ' : (CERN)

................................................................................................................................................................................................................................................

1540 Siddharth Dwivedi
: ] : (Harish-Chandra Institute, Allahabad)

................................................................................................................................................................................................................................................

Search for Standard Model Higgs production in association with top 14:00 ERam Krishna Dewanjee
quark pairs using 13 TeV at CMS ' ' ' : (NICPB Tallin Estonia)

...............................................................................................................................................................................................................................................

EHamed Bakhshiansohi
: (CP3,UCL)

................................................................................................................................................................................................................................................

Search for the SM Higgs boson in the ttH production channel using _ : Vadim Kostyukhin
the ATLAS detector E TueSday - 14:40 (Bonn University)

...............................................................................................................................................................................................................................................

Shilpi Jain

(National Central University, Taiwan)

15:90 ;Kajari Mazumdar
| (TIFR)

...............................................................................................................................................................................................................................................

Search for non-standard, rare or invisible decays of the Higgs boson _ : Daniela Bortoletto
with the ATLAS detector Tuesday 15:40 | (TIFR)
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https://indico.tifr.res.in/indico/contributionDisplay.py?contribId=166&confId=5736&sessionId=12

Run |l Results by Experiment

13TeV . WW = ZZ vy bb T up cc
" ATLAS | ATLAS ATLAS

99 CMS . CMS . CMS CMS = CMS

vep | ATLAS ATLAS ATLAS = ATLAS ATLAS
CMS . CMS = CMS CMS = CMS = CMS

wh | ATLAS | ATLAS  ATLAS | ATLAS
CMS = CMS | CMS | CMS

- ATLAS = ATLAS | ATLAS ATLAS
CMS | CMS = CMS = CMS
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CMS = CMS . CMS = CMS
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Higgs Mass Measurement

using H>ZZ/H-vyy
ATLASEXPERIMENT
N
> :"I""I""I""I"'_'_I"':>60_"'IIIIIII]IIIII]I[]II' 8
§ e AT’}AfSTre\'/'";'G”f‘g = & | ATLAS Preliminary ~* Data ~
5 s00— —— Signal + Background S=m =e 511 Ge _f 2 [ Vo= 361 b — Fit
H—’ZZ* _’42 Channel El 5005 —— Sonal In(1+s/b;|w;ig2;it;;ir:l/ _E ; 50; ;-Is—>Z123*Le\11 o DBackground ; 1_?
measured mass wof ER-s . ‘:')
- - . L - .
is 124.88+0.37 GeV wb- ety = : | O
3 3 % 1 0
H—yy channel measured e E * * 1w
mass is 125.10+0.42 GeV 0F =
10:6"115""50""55'”':lso'“{::asj_:
I ' * 710 150 T30 740 750 760 1 11 1 1 1 1
:Slmul_taneous fit t§> th_e _ 2 o o . (GoV (%
invariant mass distributions >
In the two channels I EEEEEEE—————— g
= + . .
is 124.97+0.28 GeV %Till:g?;(\a/hn;g?r}/b_1 Total Stat. [ Syst. W
Total  Stat. Syst.
LHC Run 1 Iﬁ, 125.09 + 0.24 ( £ 0.21+ 0.11) GeV C>)
..................................................................................... (‘U
H—ZZ*—41 Lot 124.88 + 0.37 ( £ 0.37 + 0.05) GeV 5‘
H-yy : . 1125.11+ 0.42 ( £ 0.21+ 0.36) GeV t
O
Combined { T ! 124.98 +0.28 ( £ 0.19 + 0.21) GeV
1 I 1 L I 1 1 I 1 1 l 1 1 I 1 1 I 1
124 124.5 125 1255 126 126.5
my, [GeV]




CMS

Compact Muon Solenoid

35.9fb' (13 TeV)
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CMS also uses this channel to
probe the higgs production
mechanisms and compare to

prediction
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CMS 35.9 o (13 TeV) C M S
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Targets VBF and WH production
VBF: one e, one y and at least two jets
WH: 3 light leptons with total charge of +1

Eight kinematic variables used for BDT

Events /0.3

120_”*1"1"'"'l"'l"'lf"lf"l"'q
L - D =~ SM -
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BDT score
Category Z-dominated Z-depleted
WH 2.6 1.0 2.04+0.8
Other Higgs 0.140.0 0.14+0.0
| % 13.0£1.6 1.34+0.4
VvV 0.54+0.1 0440.1
Top quark 3.4+0.9 2.8+0.8
Z+jets 2.0+1.6 1.14+1.1
Total background 19.1+24 5.6+ 1.5
Observed 19 9

Upper limits on the cross section times branching fraction
of 3.0 pb and 3.3 pb are set for VBF and WH production
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Hi ttH=>WW/Z.Z/TT
iggs boson decays to
WW:, tT, and ZZ are targeted ATLASEXPERIMENT

. Evidence for the ttH Higgs production N
W | T T - - - v ] 1_|
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log (S/B) 0]
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2/OS+ 1Thad H" L LLELL H 1.7 1.9 _15 ' _12) - .
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17 + 2rh-'ld il Lol -0'6 -1.6 ( 09 ~~1.3) . - g - - >
W 0.5 14 (113 403 significance of 4.1 (2.8) standard deviations S
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2( SS + 1rh;|d 1 L 2 -4 3.7 1.4 ( 1.2 05) |
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37 b @ 4 O o8 (_0,6 ) —0.5) . ~
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ttH: 2 e e

CMSEXPERIMENT

CMS Preliminary

23" (13 TeV)

CMsS Pre//mmary 2.31fb" (13 TeV) CMS Preliminary 23" (13 TeV)
2 T 8 g T ] m,, = 125 GeV
S 18Fmm dilepton S C mm trilepton ]
T o tepET E +1.4
145%,% combined u = 0. 6
12f
10f B
8
° trilepton
2k \\\\ H= 5'8-2.7
5 9 he} S S
o g o —
T
g b 52
< T S QR S — - B dilepton
0~ 2 3 4 5 6 05 1 15 2 25 8 35 +1.0 —f—
A (ttH.t/ttV) bin MVA (tH.tttV) bin w=-0.5"
I/l}/l ee ey 3[‘ 1 1 1 I 1 1 1 I 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1
tEw 322+016 147+011 495+019  256+0.14 -4 -2 0 2 4 6 8 10
tZ/7* 0.82+003 1.14+014 2424017  3.75+0.18 Best fit u = o/c
WZ 0.09£005 006+006 025+011  033+£0.11 SM
tttt 0.194+0.03 0.11+0.02 0.284+0.03 0.22 +0.03
tZq 0.10£0.06 0.00+0.00 0.124+0.13 0.444+0.17
rare SM bkg. 0.06 £0.03 0.04+0.04 0.13 +0.06 0.16 £ 0.59
non-prompt (data) 3.99+0.38 3.58+0.38 10.10+0.65 8.08 +0.67
charge mis-ID (data) 1.11+0.05 1.65+0.05
all backgrounds 847 +042 752+044 1990+0.73 15.55 4+ 0.95
ttH signal 1.53+0.08 0.69+0.05 227+0.10 2.124+0.09
data 9 11 11 28

Primary backgrounds of ttW, ttZ and tt+jets
With respect to Run | the cross-sections of main backgrounds
iIncreased by 3X while ttH increased by 4X

Category

i best fit 1o

same-sign dileptons

trileptons

—0.5(+1.0) (=0.7)
5.8 (+3.3) (—2.7)

combined

0.6(—1.1) (+1.4)
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Summary @

o 19.7f07' (8 TeV) + 5116 (7 TeV) ™
Run |l has brought with it a SA L L Q
triumph of the SM Higgs! & 1 ;_CMS t -
- All major decay modes o f 1 0
have shown Evidence s - |==68% CL 1 a

- Observation of h—bb (<-10'1 = |[—95% CL E
should be accessible with " |---SM Higgs : é
recently acquired data - | T
- couplings are consistent 10 ERr=
with SM expectation - ;’_’
10-3 (M, €) fit . g
—68%CL | 3 W

—095%CL | -
Focus of the major experiments is 10 T I BRI TIT MR
property measurements and 0.1 1 10 100 ©
Higgs as a probe for BSM physics Particle mass (GeV) &
- Searching for deviations using precise EW measurements t
&

- And for rare or forbidden decays




et

Outlook
>
In the next years LHC Run 2 should provide roughly 150 fb-1 (if we o
follow current projections) N\
i
i
We have observed the T T decays and found evidence for bb at single 9
experiments! a
Continuing on our search for deviations from the SM as well as O
Improving current measurements %’
>
n
>_
n
D
n
O
=
=,
O
Plenty of room for new resulits, new ideas .
...and, maybe, surprises! O
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