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Expected SM Higgs boson production cross
sections at LHC vs Vs at m;;=125 GeV
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG#SM_Higgs

Expected H branching ratios at m,=125.09 GeV

Numbers are taken from JHEPO8 (2016) 045; small update is presented in

Decay mode |BR, % Observability in the experiment Event rates”
H->bb 575+ 1.9 Mainly in VH and ttH production | >10000/15 fb-1
H>WW* 21.6 £ 0.9 Leptonic decays of both W ~7000/15 fb!
H->gg 8.56 *= 0.86 no good experimental signature

H>1t 6.30 = 0.36 Mainly in VBF production ~4000/15 fb1
H->cc 2.90 £ 0.35 No good experimental signature

H>ZZ" 2.67%x 0.11 Leptonic decays of both Z ~100/15 fb!
H->yy 0.228 &+ 0.011 |Big continuum background ~2000/15 fb
H>Zy 0.155 &= 0.014 | Leptonic decay of Z ~100/15 fb!
H->up 0.022 = 0.001 |Big continuum background ~200/15 fb1

“estimated number of events, collected at 13 TeV pp collisions
(for about15 fb! data sample) assuming 100% detection efficiency
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV

‘ H%ZZ*94| at 13 Tev ATLAS-CONF-2016-079

Event categorization to separate different 2 35 [ T T T
production mechanisms of Higgs boson @ 2 ATLAS Preliminary g viggs (m, - 125 Gev)
0 [ H— Z2Z* > 4l - ZZ ]
m,, [118-129] GeV o 30 B B Z+jets, tt -
, 5 - 13 TeV, 14.81b tt+V, VWV ]
= N i Uncertainty ]
. c L

| p;;>30GeV | 5 o5 [ h
m i
20 -
>=lleptons | | gt || fjet | | m<120GeV | | mp120Gev | - .
(pr.>8GeV) 15 C E
Discriminant Discriminant Discrim.inant Discriminant B ]
Just counting BDT-ZZ BDT-1j AL BDT-2jVBF - .
10 -
BDT ZZ: BDT_ljet: BDT_2jet_VH: BDT_2jet_VBF: C 7
* Pru * Py * Prjn * Py - e
My s * Prjz B 5 T ]

* KD= * ARy ° M * Prag

log(MEyy;,/ Ay * Any

ME;;) * Any © Any 0
- min(AR,) - min(AR,) 80 90 100 110120 130 140 150 160 170

m, [GeV]
44 events observed in 118-129 GeV range

Expected background (BKG): 9.7+0.8 events

Total H cross section measurement

oy(meas)=81*18 . pb
in agreement within 1.6 o with the SM
value c,(SM)=55.5*38 , , pb Expected signal at 125 GeV: 22.3 events

It is based on fiducial cross section ~ SM H is rediscovered at 13TeV LHC,
measurement (see backup slide) cross sections are measured
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Heyy at 13 TeV ATLAS-CONF-2016-067

Cross section measurements:
Exclusive categories that are optimized for the

best separation of H production processes: oy(fid)=43.2+14.9(stat)+4.9(syst) fb

13 categories which correspond to VBF-, ttH- and in agreement with the SM value
VH-enriched events; spectrum after weighting

— +
B o o ] Amasvimmay 3 on(SM)=62.8"%44 b
g :gg“is"kgd wmm ey 4 Fid.vol.: isolated photons with high p;
T ik i P .
1oL E Differential cross sections also
i E measured (see backup slide)
ao%— ------ —é - ATII'.AS Pnleliminarly | | ,_.I_. Tot;,
ol 3 | Vs=13TeV,13.3f"
40— ] Ry o —————— W, =-025 3%
W n,, - . by =028 112
18?_ Hige —e— K, =224 e
g e et g =059 03
g o Mane - - oy = 085 153
s ‘ , , . , uRum|_....|....|...‘T.‘_.".|....|.%1Ff”.|=.1.17.§'§?
110 120 130 140 150 160 -2 -1 0 1 2 3 4 5
m,, [GeV] Signal Strength
H->yy is clearly seen at 13 TeV LHC Signal strength agree with SM value,
with 4.7c observed significance W=0eas/Osy=0.8510.21
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Combined H°>4l, yy at 13 TeV ATLAS-CONF-2016-081

H production is seen with local significance 10c (8.6c expected)

Evidence for VBF H production is at about 4c level (1.9c expected)
oy X BR are measured for |y,<2.5 for ggF, VBF, VH and ttH (see backup)

o(pp=2>H +X)=59.0*%7 4 , (stat) **4 ; ¢ (syst) pb is determined from fiducial
measurements and combined with older results at 7 and 8 TeV

. S L T T T T LA DL L L L LA I L B
ATLASPreIlmlnary_1 mH:125.09_1GeV o 100|‘_ ATLAS Preliminary — O,y My=125.09GeV |
Vs=13 TeV, 13.3 fo™" (yy), 14.8 fb™ (22) % Ny O HZZt 4l QCD scale uncertainty

Ob d 68% CL ~ SM Predicti r
-o- Observe rediction b& 80__ ¢ comb. data syst. unc. mm Tot. uncert. (scale ® PDF+a.,) h
OagF - u
Sver —— 60_
GVHhad —_— 40
Cyhiep s —— 20
i Vs=7TeV, 45fb™"
Oop —— - Vs=8TeV, 20.3b" 1
ORI IO TV AR AT Un Vs =13 TeV, 13.3 b7 (y7), 14.8 o™ (22%) ]
5-4-3-2-10 12 4 5 S S SOV R o P
7 8 9 10 11 12 13
Parameter value norm. to SM value \/E [TeV]
U=0cas/Osy=1.13+0.18 No significant deviation from SM is observed
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VH, H=>bb at 13 TeV ATLAS-CONF-2016-091

« Separate final states with 0 (Z->vv), 1 (W->Ilv) and 2 (Z->1l) leptons

« Signatures: two b-jets and tight lepton(s) or large E;™ss

« Dozen of variables in multivariate analysis to discriminate signal from BKG

» Successful validation of the analysis procedure on (W/Z)Z with Z->bb

ATLAS Preliminary Vs=13 TeV, [Ldt= 13.2 0"

2 lepton

1 lepton

0 lepton

Combination

ATLAS Preliminary V{s=13 TeV, [L dt= 13.2 fo"

] T T I T T T ] T T T I T T T I T T T I l T T | T T T [ T T T | T T T I T T T I
— — Tot. ] - — Tot. |
Stat. Tot. ( Stat. Syst.) Stat. Tot. ( Stat. Syst.)
- -0.24+ 090 (+0.64 +0.63) |
H—a—H “084 (Zo8 “o0)0) 0.15+067 (+049 +0.45)
ZHI— k== *Y_064 \'-047 -044/
+0.94 [ +0.67 +0.67
- H——H 025" yos (Zoea “o67) —
WHE  —e—tt 0.33+095 (+0.68 +0.68) _
+0.73 [ +0.59 +0.44 ~092 '-064 -0.67
- ¥ 0.47" 6o (D035 —042)
+0.51 (+0.36 +0.36 Combination -  K-=4 051 [+0.36 +0.36| —
- ke 0217 550 (Zgas Zoae) 021755 (Zg35 Zo36)
1 | 1 1 I 1 Il 1 | 1 1 1 I Il 1 1 I 1 1 1 I 1 1 | 1 Il I 1 1 1 ‘ 1 1 1 I Il 1 1 | 1 1 Il I
0 2 4 6 8 10 0 2 4 6 8 10
Best fit u=o/c_ for m =125 GeV Best fit u=o/c_ for m =125 GeV

=0 ,0as/05=0.21%0.36 (stat) +0.36 (syst), corresponds to
0.42:6 (1.940) observed (expected) sensitivity

03.10.2016
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\ ttH. H9->bb, at 13 TeV

Feynman diagrams for ttH, H->bb
> t

900000000000/

« Events with at least one top
decaying to electron or muon

« Categorization according to jet
multiplicity and number of b-jets

« Multivariate technique to
discriminate signal from BKG
(tt+jets mainly)

I
A
~) U‘| o
On 0
;&

Dilepton

Single Lepton

Combined

ATLAS-CONF-2016-080

Diagram for main BKG

ATLAS Preliminary ttH (bb), \s =13 TeV, 13.2 fb™
T e e
— Tot.

Stat.
Tot. ( Stat. Syst. )

+29 , +14 +2.6
——e—— 46 -2.3( -1.3 -1.9)

+1.1 +0.5 +1.0

e 1 6 -1.1 ( -05 -0.9 )
+1.0 , 405 +0.9

o4 2.1 -0.9 ( -05 -0.7 )

llllllllllllllllllll
0 2 4 6 8 10 12 14 16 18
Best fit u = o™/ciH for m, = 125 GeV

Data are compatible both with BKG-only and SM ttH hypotheses

03.10.2016
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ttH->multileptons+X at 13 TeV

ATLAS-CONF-2016-058

constrained using pp—2>ttH+X process 2¢0tq

» Final states contain multiple leptons, 214,
mostly from H>WW" and H> 1t

3| ke
4¢ -
Combination

L T
ATLAS Preliminary Vs=13 TeV, 13.2fb"
» Yukawa coupling of H to top can be —tot.  —stat. tot (stat, syst)

+2.1 +1.2  +1.7
F=o=— 4.0 77 (47, 43)

+3.6 +2.8 +2.3
F—e—=—f
6.2 57 (%35, 4)

- 05 7 (13, 1D
- < 2.2 (68% CL)
o 252 (97, %)

Measured signal strength p and its upper limit

1 1 1 1 1 I 1 1 1 1 1 1
5 10 15 20 25
best fit p_ for m =125 GeV
{fH

Category Best fit pzm Observed (expected)
95% CL upper limit

Signal-injected
95% CL upper limit

20074 4.0 777 Tk 7.8 (3.5 T1) 4.2
201 Thad 6.2 i?-_g t?% 12.9 (5.9 ti;g) 6.3
3¢ 0.5 T T3 3.9 (3.5 T10) 4.3
40 < 2.2 (68% CL) 5.2 (6.6 t29) 7.4
Combined 2.5 fg:; J_r(l]:é 4.9 (2.3 J_r(l,:(li) 3.1
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ttH combined at 13 TeV

ATLAS-CONF-2016-068

Measured signal strength

Combination of yy, multilepton and bb ATLAS P L LT
) . ) relimin \s=13 TeV, 13.2-13.3 fb™
decay channels of Higgs boson in this —tota et (tot.) (stat., syst.)
production mechanism o | 03 N3 (4%.%2)
ttH(H—WW/Tt/ZZ) ———=— 25 j_-f (jg:; , j]:; )
(13 Tev 13.21™)
Significance in individual modes wwseny | | 21“(““)
and in combination tH combination - |een 18 07 (94, %08 )
ttH combination | 1.7 fg_': (202,407
Channel Significance B e B R
Observed [o] | Expected o] est iy, formy=125 e
ttH, H = yy 0.2 0.9 ATLAS-CONF-2016-067
ttH, H — (WW, TT, ZZ) 2.2 1.0 ATLAS-CONF-2016-058
ttH, H — bb 2.4 1.2 ATLAS-CONF-2016-080
ttH combination 2.8 1.8

W=0C,e.s/0sy=1.820.7, 2.80 (1.80) observed (expected) significance.

03.10.2016
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H%H“ at 13 TeV ATLAS-CONF-2016-041

« Clean signature to measure H coupling to second-generation fermions

« Event categorization to increase signal sensitivity: seven categories with
different S/B ratios based on muon n, p;#*, and VBF di-jet signature

« Multivariate analysis with many kinematic variables

E :l T I T 17T I T T 17T I UL | T T 171 1 L l L T T I:

= - ATLAS Preliminary ]

o = - — Observed 1

< < 3 i ]

Event rates within 120GeV< m <130 GeV ) (6= 13 Tev. 13.2 fb" Expected

£ 1 Etic =

Signal[125] | Z+jets | Top | Di-boson | Total background S/VB | Data o F Hopp [1£2 c E

Central, low piF 40 304[ 6 10 3419 007 3552 @ E --SMHiggs ]

Non-central, low 7" 108 | 13184 | 23 45 3252 009 [1962] i 1

Central, medium p/" 90 2712] % 31 2| 01T] BB| ¢ 107F =

Non-central, medium pf7 239 | 10255 | 177 157 10590 | 02311269 | = - ]

Central, high /" 66| 1128 106 27 61| 019 2| E - 1
Non-central, high pff 154 ] 3939 | 334 106 B 0B 064| 4 e

VBF 25 8| 7 1 5[ 028 17| Q 10°¢ T E

o~ e E

Ty) Co T e ]

[¢2] - m

sl ey e b ey 1

| T
115 120 125 130 135 140 145
m, [GeV]

Observed (expected) upper limit on p=c,,.../osy IS 4.4 (5.5) at 95% CL
It is reduced down to 3.5 (4.3) for combined Runl and Run2 data
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Non-SM Higgs bosons

s SM-like Higgs boson (h) with m,=125 GeV was discovered four years ago
Great success of the SM, however it does not explain many things.

= Many extensions of the SM proposed by theorists were rejected after this

discovery, but some of them are OK.

The simplest “toy” model is Narrow Width
Approximation (NWA) where additional

’it
high-mass Higgs boson (H) behaves as i

SM Higgs boson h, except the width is
fixed to be equal to the h(125) width.
Very easy to produce MC samples, no
interference with background processes

Another option is additional Higgs doublet:
- 5 Higgs bosons

o ® &6

10*

107"

|
()

oy iIn NWA vs its mass

g =
- Vs=13TeV ]
%ﬁp %
L E
3 2 -
g‘ Il Il 1 Il Il L1 I‘ Il \\
10 20 30 100 200 1000 2000
M, [GeV]

At very high m, VBF mechanism

CP-even Higgses (*) CP-odd Higgs (*) Charged (%)

becomes dominant for NWA H!

* assuming CP conservation

LHC HIGGS XS WG 2016

|.Tsukerman, ICNFP 2014 10/3/2016
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High-mass H->yy at 13 TeV

ATLAS-CONF-2016-059

Excess near 750 GeV seen in yy 2015 data (3.2 fb-1) both by ATLAS and CMS
In ATLAS, deviation from the SM was at 3.4c level at m,=730 GeV

New analysis uses five times larger data sample, mostly taken in 2016

Search mass range is 200-2500 GeV

> L I
®  10* = ATLAS Preliminar
‘3 y Data
o™
» 10° Background-only fit
[
L°>Ij . Spin-0 Selection

10

Vs =13 TeV, 15.4 fb™

10

1

107!

IHI_I,I,IJ IIHI_LI,IJ IIHI_I,I,IJ \IIH\H| \IIH\I\| \IIH\H|

I

r— —

Data - fitted background
o ;o o

_=.=: i

—= |

_._ :

* L

- I

_5084
= -
—10H .

200 1000 1500 2000

2500

m,, [GeV]

35891 events with hard y selected

Upper limit on ¢ x BR

—— Observed CL, limit

2|
10 o e Expected CL, limit
- [ Expected + 16
L [ ] Expected + 20
10

95% CL Upper Limit on o, x BR [fb]

107"

| T
ATLAS Prelim

{s=13TeV, 15.4 fb™

Spin-0 Selection

NWA (T, = 4 MeV)

Largest excesses

inary

PRI I TR TR SR SR N SR N
500 1000

1 l 1 1
1500

P T R TR
2000

m, [GeV]

Data consistent with SM hypothesis
Global significance of excesses <lc

03.10.2016
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High-mass H2>WW=Ivlv at 13 TeV ATLAS-CONF-2016-074

1 I | 1 I | I I I | 1 I I I |
10 | ATLAS Preliminary —e— Observed (CLs)
- \s=13TeV, 132" --- Expected (CLs) ]

H— WW— evpv (ggF, NWA) (IR
I:l + 20

» Search mass range: 300-3000 GeV

« Selection criteria optimized for high-mass
Higgs boson searches; multivariate analysis

* ggF- and two VBF-enriched categories

imit on & x BR(H—> WW) [pb]

* Only WW=->evpuv decay channel used

| | | | | | | | | | |
1000 2000 3000
m, [GeV]

P B L

Observed 95% CL exclusion for
oy X BR(H>WW) using NWA approach:

ATLAS Preliminary -e- Observed (CLs) E
<4.3 pb at m;=300 GeV for ggF production L gi’iie“‘e‘”"“) i
+20

<51 fb at m;=3000 GeV for ggF production

\( \pb]

itono x BR(H—» W

<1.1 pb at m;=300 GeV for VBF production
<30 fb at m;=3000 GeV for VBF production ="

95% CL L

_L
<
¢

1 l I | | | I | | | | |
1000 2000 3000

found in the search mass range m, [GeV]

No significant excess above background is
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High-mass H>ZZ->4l at 13 TeV ATLAS-CONF-2016-079

I I I I I I I
| ATLAS Preliminary ~— Observed CL, limit |
- Search mass range: 200-1000 GeV CioTev, s’ oo oL ot
10k NWA s |

. Expected + 1o
D Expected +2 ¢

» Selection criteria optimized for high-mass
Higgs boson searches; multivariate analysis

* ggF- and VBF-enriched categories

L limits on o x BR(S— ZZ — 4) [ft]

52}

_ 10500 300 400 500 600 700800 900 1000
Observed 95% CL exclusion for /ms [GeV]
oy X BR(H=>4l) using NWA approach: o — —
" . % mrpgqary — Observed CL, I.irn.it |
<4.6 fb at m;=244 GeV for ggF production /ﬁz NWA -Ez:j Ja
<0.22 fb at m,;=1000 GeV for ggF production -2 BWepscedzzo ]
<1.9 fb at m;=234 GeV for VBF production s ' 3
<0.2 fb at m;=1000 GeV for VBF production——5—+
No significant excess above background is 10200 300 400 500 600 700 80O 900 1000
found in the search mass range M [GeV]
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‘ High-mass H%ZZ%(IIVV llgg,vvqq) at 13 TeV

10° L B B L BN BN

ATLASPreliminary — Observed
----Expected Median

Vs=13TeV, 13.3fb" M Expected +1 o
H— ZZ — livy Expected 2

ggF
llvv, ggF, NWA

10

-
o
&

T mml

—
Q

—
o
w

-
o
N

T ||||ITI'| TTTTT

107"

95% C.L. limit 5{gg—H)xBR(H=ZZ) [pb]

95% Limit on ;. x BF(H - 22) fb]

- ATLAS Prelnmmary —— Observed (CLS)
gg—H-ZZsllqq vt Expected (CLs)

+
\s=13Tev, 1327 L+l

[1*2c

llgg, ggF, NWA

| \IIIIII| | \IIIIII‘ 1 IIIIILL| L1l

1072
10 ATLAS-CONF-2016-056 ATLAS-CONF-2016-082 ]
N T B B AN R BT 1072
300 400 500 600 700 800 900 1000 ‘S00 " foo0 " is00 " 5000 Smog ‘3?00

my, [GeV] m,, [GeV]
—_— T —TTT —TT T e — =) L L L L B L L ]
g c T | \ I I NNE = ATLAS Preliminary —e— Observed (CLs) ]
= | ATLAS Preliminary =~ —— Observed Limit 7 N 1oL qgoHoszZoslqq Expected (CLs) |
N 10F 4 — — Expected Limit J T . e 5 3
N g Ys=13TeV, 13.21b N 3 :|: \s=13TeV, 13.21b"" .
1 i 90 H o 77 > wag [ Expected £10 = [ 1*2c 7]
o . [ ] Expected t2 o __| 2y _
= 0 -
= wvqg, ggF, NWA 1 g llgg, VBF, NWA i
1 107" 3 = 107 =
= = 1S E =
S C ] = - .
© 10 = S jozk —

g B g
10°%E ATLAS CONF 2016 082 om0 B ATLAS-CONF-2016-082 T
E - - . T I T T E 3
500 1000 1500 2000 2500 3000 = =

[4)]
o~
(]

m,, [GeV]

PRI R
1000

I U I R
1500 2000 2500 3000
m,, [GeV]

No significant deviation from SM is observed
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High-mass H->Zy and H>WW-=>Ivgqg at 13 TeV

2 i ' e I—Observed‘ 1
= | ATLAS Preliminary i
Observed 95% CL exclusion for E 10° ,t;g—>X—>Zy, Ze'e, i aipected
. X - Vs=13TeV, 13.31b" tio ]
o, X BR(H>Zy) using NWA approach: & | °r"" —+20 ]
X 0%k =
<215 fb at m;=270 GeV e
<5 fb at m,;=2400 GeV E_ T 1
o 108 E
No significant excess above BKG is found * & o o0, :
. Yol - 4
in the range 250-2400 GeV > L ‘
3x10? 10° 2x10° 3x10°
m, [GeV]
Observed 95% CL exclusion in ggF for .—+————————]
I D : E ATLAS Preliminar —e— Observed 95% CL upper limit E
oy X BR(H>WW) using NWA approach: s e concoa 55 et ]
E Expected limit (+ 15) 3
<1 pb at mHZSOO GeV ; [ Expected limit (+ 20) 3:
o Scalar Singlet (NDA 3
<2.5 fb at mH:3000 GeV (,(rji Sca\arSinZ\et:Unsu)pp,) n
x E
Other models also considered, limits put f ____________ i
No significant excess above BKG is found 10°F ATLAS-CONF-2016-062 j

2500 3000
mScaIar [G eV]

in the range 500-3000 GeV 500 1000 1500 2000
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A/H>tt at 13 TeV in ATLAS

* Interpretation in MSSM benchmark scenarios

Search mass range: 200-1200 GeV

ATLAS-CONF-2016-085

—————

Production via gluon fusion or b-associated

hh and Ih final states of two taus

K
108

H/A — tt, gluon-gluon fusion

E T T T ‘ T T T ‘ T T T
F ATLAS, \s=13 TeV, 3.2 fb’, 95% CL limits

—e— Observed
------ Expected
N e R

+2c 7]
— TiepThaa (EXP-) —
= Thad®had (Exp.) E

—2 L
10500

Limits on ¢ X BR(H/A->tr) for ggF:
1.3 (0.025) pb at 200 (1200) GeV

1 I 1 1
400

1 1 J L 1 1 J 1 L L
800 1000 1200

my,A [GeV]

1 02 T | T T T | T T T | T T T I T T T E
= ATLAS, \s=13 TeV, 3.2 fb, 95% CL limits 3
Q. i
— H/A — tt, b-associated production i
P
P —
T 10 —e— Observed 3
< K~ Expected ]
= mmt1o
L \ +2 6 1
% 1E Tlepthad (Exp-) —
X = — = ThadThaa (EXP-) 3
© C n
107'E =

—2 Il 1 1 | 1 I 1 | 1 | 1 | 1 1 1 I 1 1 1
10500 200 600 800 1000 1200
myA [GeV]

Limits on o X BR(H/A->17) for bH/A:
1.5 (0.03) pb at 200 (1200) GeV

03.10.2016
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H*>tb at 13 TeV in ATLAS ATLAS-CONF-2016-083

» Search mass range: 300-1000 GeV Diagrams for tbH* production

« Production mode pp->tbH* (m,>m,,)

» Multi-jet final states with one lepton from top

« Multivariate analysis, interpretation within | wwoot——— 7
benchmark scenarios of MSSM models

7=y A L L L L L L L B -~
2 ok ATLAS Preliminary | 5 P R
K: o Expeced Imit Gl ] _ -
% - o+ o . ATLAS Preliminary
o | — im;faf tanp = 0.5 i 10 MSSM my! od- Observed exclusion —
% L _ Q:ﬂi}:ggjgo _ ; H s th - Exiected exclusion E
T F 3 S ) + ]
% E : Vs =13TeV, 13.2 fb” ez :
L H'>tb i
107 Vs=13TeV,13.2f" -
- 3 RN
500400500 600 700" 800 6001000 300 400 500 600 700 900 1000
m,, [GeV] m, [GeV]
Limits on o(pp=2>tbH*) X BR(H*->tb): Limits on tanf: some values are
1.09 (0.18) pb at 300 (1000) GeV excluded mostly for low m,,
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H*->tv at 13 TeV in ATLAS

» Search mass range: 200-2000 GeV, production

mode pp—=>tbH* (m,>m,, )

« Final states with one t-lepton and W->hadrons

* Interpretation in the one of the hMSSM  wol—— !

benchmark scenario

I|'III

|'II||'III[TII|TI

E _'I L T T 7 | L I L I T ]
& [ ATLAS Preliminary ]
> 4L \s =13 TeV, 14.7 b’ i
? - —— Observed (CLs) E
. Expected (CLs) ]
z o i
R [ ]+2¢c _
> 2 ST H* hMSSM tanf=60 -
E i
o
e 72 | 1
1 107E .
Q_ - —
& ~ .
o - i
10_3 1 l 1 1 | I 1 1 1 I 1 1 1 I 1 1 | I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1
200 400 600 800 1000 1200 1400 1600 1800 2000

m,. [GeV]

Limits on o(pp-=2>tbH*) X BR(H*2>1V):
2 (0.008) pb at 200 (2000) GeV

ATLAS-CONF-2016-088

Diagrams for tbH* production

9 0000 ——— 9 1y

35¢ ATLAS Preliminary -
301 1s=13TeV, 14.71b"

. H" — tv; hMSSM scenario]
251 Observed exclusion 7
oQL 2015result - Expected exclusion 3

- —=- Observed Ny ]
15F ... Expected [ ]+2 E
[ NEI NI P NI P ST P S

200 250 300 350 400 450 500 550 600

m,, [GeV]
Limits on tanf: very large values

are excluded mostly for low m,,

03.10.2016

|. Tsukerman, NewTrends16

21



‘ Brief summary of H results at 7-8 TeV

Parameter Value Reference Comment

PR D90 (2014) 052004 125.09+0.24 GeV

Mass

Signal strength vs SM
in H=>yy mode
in H>4l mode
in H>WW > Iviv
in H=>1t mode
in H>bb mode
in ggF production
in VBF production
in VH production
in ttH production
Spin/parity
Width
BR(H->invisible)

125.36+0.41 GeV

1.1840.15
1.17+028
1.46%040
1.18+024
1.44+O'42_o_37
0.63+0'39_0_37
1.23+O.23_0.20
1.23+0.32
0.80+0.36
1.81+0.80

o*

<22.7 MeV (95% CL)

<0.28 (95% CL)

EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC76 (2016) 6
EPJC 75 (2015) 476
EPJC 75 (2015) 335
JHEP 01 (2016) 172

with CMS

1.09+0.10 with CMS
5.2c (discovery)

8.1c (discovery)

6.5c (discovery)

4.56 (evidence)

1.4c (no evidence)
1.03+017 .. with CMS
1.18+0:25 . with CMS
0.84+040 _ .. with CMS
2.3%07  with CMS
41, Ivlv, yy modes
Off-shell H>WW/zzZ
WIMP searches

No significant deviation from SM is observed

03.10.2016
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hh->WWyy and bbbb at 13 TeV

t/b A ] t/b

g

"""" h

SM hh rates‘are too small for observation,
but BSM rates could be much larger

Observed 95% CL exclusion for

Ggyg>x X BR(H>hh):

Non-resonant: <25 pb

Resonant: <47.7 fb at m,=260 GeV
<24.7 pb at m ;=500 GeV

No significant excess above BKG is found

in the range 250-500 GeV

Observed 95% CL exclusion for 6, x BR(H=>hh->bbbb):
Non-resonant: <330 fb, SM prediction is 11.3 £1.0 fb

hh->yyWW->yylvjj final state

BSM heavy resonance

~
~
h

-
o
w

- ATLAS Preliminary
\s=13TeV, 13.3 b’

—
o
™
T

ATLAS-CONF-2016-071

—

6(gg— X) x BR(X — hh) [pb]

T3
—e— Observed
----- Expected
I + 10 expected |

+ 20 expected

IR B
450 500

m [2al\n

ATLAS-CONF-2016-049

No significant excess above BKG is found in the range 300-3000 GeV
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Conclusion

With 7 and 8 TeV LHC data ATLAS measured properties of the
Higgs boson such as its couplings, mass, spin and parity.
No deviation from the SM is found.

Using 13-15 fb-! of 13 TeV LHC data, ATLAS obtained preliminary
results reconfirming Higgs boson discovery in 4l and yy modes.

With the same dataset, ATLAS performed searches for neutral
and charge Higgs bosons predicted by some extensions of SM.
No evidence for new physics was found yet. Limits on H boson
production cross sections in different models were put.

ATLAS continue to study properties of the SM-like H boson
Improving precision of their measurements and to search for
exotic Higgs bosons with new 13-14 TeV data.
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Backup slides

« H>ZZ >4l at 13 TeV: details ATLAS-CONF-2016-079
« H->yy at 13 TeV: details ATLAS-CONF-2016-067
« H->ZZ->4l and yy at 13 TeV: details ATLAS-CONF-2016-081
* H->yy high-mass at 13 TeV: details ATLAS-CONF-2016-059

« H->WW=Ivlv high-mass at 13 TeV: details ATLAS-CONF-2016-074
* Higgs boson mass ATLAS+CMS at 7 and 8 TeV PRL 114 (2015) 191803
* Higgs boson couplings ATLAS+CMS at 7/8 TeV JHEPO08 (2016) 045

* Higgs boson spin/parity at 8 TeV EPJC 75 (2015) 476

» Off-shell H>WW and H>ZZ (width) at 8 TeV  EPJC 75 (2015) 335

* H->4l and H->vyy diff. cross sections at 8 TeV ~ PRL 115 (2015) 091801

 VBF H->invisible at 8 TeV JHEP 01 (2016) 172
 H/Z decays to J/yy and Yy at 8 TeV PRL 114 (2015) 121801
« Pair production of Higgs bosons at 8 TeV PRD92 (2015) 092004

« Higgs boson perspectives a few notes
 VBF+yH->bb at 13 TeV ATLAS-CONF-2016-059

|. Tsukerman, NewTrends16 03.10.2016



Higgs results not covered Iin these slides

Most publications/notes issued before 2016

About ten publications based on first 13 TeV dataset (2015 year data only)
* VBF H->bb at 8 TeV arXiv:1606.02181, submitted to JHEP

« Lepton-flavour-violating decays of the Higgs arXiv:1604.07730, submitted to EPJC

 ttH, H>bb at 8 TeV JHEPOS5 (2016) 160
* gg2>H->WW-" cross sections at 8 TeV JHEPO08 (2016) 104
 CP testin VBF H production at 8 TeV arXiv:1602.04516, submitted to EPJC
 H—->tbat8 TeV JHEPO3 (2016) 127

|. Tsukerman, NewTrends16 03.10.2016 26



H>ZZ">4| at 13 TeV ATLAS-CONF-2016-079

Cuts for fiducial cross section measurement Acceptance factors A [%]
Lepton definition Decay Production mode
Muons: pt > 5 GeV, |n| < 2.7 Electrons: pr > 7 GeV, |n| < 2.47 Channel geF VBF WH ZH {#tH
Pairing 4p 50.9 55.0 43.8 46.5 53.6
Leading pair: SFOS lepton pair with smallest |mz — mgg| de 39.6 439 344 36.0 44.6
Sub-leading pair: Remaining SFOS lepton pair with smallest |mz — myg| 2u2e 40.0 42,9 34.0 355 424
Event selection 2e2u 45.9 48.6  38.0 40.4 47.2
Lepton kinematics: Leading leptons pt > 20,15,10 GeV
Mass requirements: 50 < mjy < 106 GeV; 12 < mgy < 115 GeV
Lepton separation: ~ AR(¢;,¢;) > 0.1(0.2) for same(opposite)-flavour leptons Th_ese_faCtor_S are related to
J /v veto: m(€;,£;) > 5 GeV for all SFOS lepton pairs fiducial region on the left
Mass window: 115 < mye < 130 GeV

Correction factors C [%]

. . . Decay Production mode
Measured fiducial cross sections Chamnel  geF  VBF W ZH il

. A 62.6 642 60.8 60.5 41.8
Final state measured ogq [fb] oad,sm [fb] hie 1 439 430 497 a8
+0.48 10.06 2u2e 16.9 509 49.1 48.6 41.7
p 1.28 Zgla0 0.93 Zo.08 2e2/1 53.1 54.7 51.8 50.2 36.7
de 0.81 951 0.73 15:08
22¢ 1.99 tg;ié 0.67 J_rg:gi These fa_ct_ors are related tq
40,49 40.05 detector efficiency and resolution
2e2 1.10 1935 0.76 1900

Results agree with SM predictions
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ATLAS-CONF-2016-067

H>yy at 13 TeV

Cuts for fiducial cross section measurement

diphoton baseline | VBF enhanced | single lepton
Photons |77| <137 or 1.52< |77| <237
' > 0.35m., and pF > 0.25m.,
Jets pr > 30GeV | |y| < 4.4 -
mj; > 400 GeV, |ijj| > 2.8 -
|APyy,5l > 2.6 -
Leptons - pr > 15 GeV
In| < 2.47

Measured fiducial cross sections

Fiducial region | Measured cross section (fb) SM prediction (fb)
Baseline 43.2 £ 14.9 (stat.) £ 4.9 (syst.) | 6287571 [N?LO + XH]
VBF-enhanced | 4.0+1.4(stat.) =0.7(syst.) | 2.04+0.13 [NNLOPS + XH]
single lepton 1.5 £ 0.8 (stat.) £ 0.2 (syst.) | 0.56+0.03 [NNLOPS + XH]

Results agree with SM predictions

PT(yy)-spectrum

Jet multlpI|C|ty Y(yy) spectrum

[ = 1.5 T T T T o AR T T '
T T T o > k=
2 ATLAS Prellmlna mH 125 09 GeV @ ATLAS Prehmmary mH-125 09 GeV = so-ATLAS Prellmlnary mH-12509 GeV i
= 80 ry 1 ) H NNLOPS + XH > B= gg>H NNLOPS + XH
) -4 data, tot. unc. [] syst. unc. B NsLo+ xH S -4- data, tot. unc. [] syst. unc. o + XH{ = -4 data, tot. unc. [] syst. unc. P
H—yy, V5= 13TeV, 13.3 0" B N3LO+JVE + XH = H—yy, {s=13TeV, 13310’ Kggp =110 5 | Hoyy (5=13Tev, 13310" ggh = 1-
g ’ ’ B STWZ, BLPTW + XH s - XH = VBF + VH + ttH < - - XH =VBF + VH + tiH
60 l I B GoSam+Sherpa+ XH ~ © 1 4 _g
Powheg NNLOPS + XH & 40 ]
B NNLOJET + XH A
40k } <= XH=VBF + VH + ttH _ :
antik, R=04, pT>30 GeV. |
! 1 f — ]
i LI ) =
_______________________ o¥ oo R AT 1
[ . N e I e loercbonmcleerod e b ogos A T B I S B B B I B PR
T G"“I"":"J'I"”:"”]""Ir rrrrrrrrr c 0 : T : T :‘ : 1 :- c 0 T T T T T T T T T T
x 2 2 £
+ o (&}
@ 5 2 f 5 2
@ (]
g S I T g 2 o
z = 1—55_‘ ‘ e T
=l — © 1 © '
o © ©
% 0 | | | 0 1 L 1 L 1 1 1 L 0 1 L L 1 Il L 1 L L 1 L
o >0 > >2 >3 0 20 40 60 100 120 140 160 180 20C 0 02 04 06 08 1 12 14 16 18 2 22 24
N T [GeV] (7
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Combined HO->4l, vy at 13 TeV

ATLAS-CONF-2016-081

Best fit values of o, assuming SM BR

H—zz i) Best fit value (pb) SM prediction (pb)

ggF Best fit value (pb)  1.58 7539 0.063 70250

SM prediction (pb)  1.18 + 0.07 0.101 & 0.006 Oggr 478757 44523
VBF Best fit value (fb) 3501@23 18 f%

SM prediction (fb)  93.0 + 2.8 8.00 £ 0.29 OveF 79750 3.52£0.07
VHhad Best fit value (fb) fixed to SM —2.5 fg:g

SM prediction (fb)  36.0 4 1.2 3.0+ 0.12 OVEhad -2.575% 1.36 +0.03
VHlep Best fit value (fb) fixed to SM 1.0725

SM prediction (fb)  17.0 4 0.5 1.46 + 0.05 OVELep 0.32 557 0.64+0.02
top Best fit value (Ib) fixed to SM —0.3715

SM prediction (fb)  15.9 4 1.5 1.36 £ 0.13 Ttop ~0.1179%% 0.60 +0.06

o (pp2>H +X) measured using yy and 4l decays and their combination

Decay channel

Total cross section (pp — H + X)

V5 =T7TeV /5 =8 TeV /5 =13TeV
H — vy 35715 pb 305772 pb 37715 pb
H— ZZ* > AL 3373 pb 3719 pb 81118 pb
Combination 34 £ 10 (stat.) tg (syst.) pb 33-31_2:?, (stat.) tig (syst.) pb 59.0__"3‘; (stat.) f§:§ (syst.) pb
SM predictions [7] 19.2+0.9 pb 24.54+ 1.1 pb 55.5737% pb

No significant deviation from SM is observed

03.10.2016
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High-mass H->yy at 13 TeV ATLAS-CONF-2016-059

m.. in year data m.. in year data

& 10'E amaspreimnary 4 & 10k amasPreimnay =
© + Data 39 ! Data :
» 10°R “2lfslssis ) —— Background-only fit —;. :EJS 10° — Background-only fit
:::’ . E EXCess Spin-0 Selection E L%) 102 Spin-0 Selection _é

E {s=13TeV, 2015,32fb" 3 Is =13 TeV, 2016, 12.2fo" 3

10% = E

8 ]

10*1; ; 1o ?;
o E — + ? E ;
9 10 =4 3 -
g s + I E
3 ) il ¢ & ER -
g 10 = - -
o BLU 3 500 1000 1500 2000 2500

500 1000 1500 2000 250( m,, [GeV]
m,., [GeV]
o No significant excesses observed
3.4c local significance at 730 GeV with four times larger statistics
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High-mass H>WW=>|vlv at 13 TeV ATHAS-CONF-2016-074

Selection criteria for signal regions (SR)

% O AtLAS Preliminary  4am  Wlonerw §
SREgF I SRVBFU | SRVBF2J g " :lqwi;i::u\:iilk)jelsvaF SR S::E :::::Z ;:e's %
Preselection cuts: plead > 25GeV, psublead > 15GeV, 3rd lepton veto, mgy > 10 GeV g 10? - g“;\:‘:symmn Wzies
Nb jet = 0 ™ *-4-7’_ /

|Anee| < 1.8 10 F 4+ E
Myp > 55 GeV 1 ” 1;
Pt > 45 GeV | E

pipPlead > 30 GeV 107

max(m¥) > 50 GeV
Inclusive in Nj., but Njey =1 Ny 2> 2 = 2k
excluding VBF1J Inj] > 2.4 m;; > 500 GeV E 1-51E-4:»—+++ 41
and VBF2J phase space | min(]An;|) > 1.75 |Ay,;| >4 S o5 SR 3
0 200 400 600 800 1000 1200

my [GeV]

LWA=NWA but H width is taken to be “large”;

here 5-15% from SM width at given m,, i e

E ATLAS Preliminary . -e— gf:,.::f IL.:VV:

Observed 95% CL exclusion for o, x X oW o o ) £ o
BR(H=>WW) in ggF using 15% LWA approach: : e

<1.4 pb at m;=400 GeV d

<71 fb at my;=3000 GeV o b .
No significant excess above background is o
found in the search mass range 0 2000 3000
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‘ VBF+y H—=>bb at 13 TeV ATLAS-CONF-2016-063

Result H(— bb) +~jj Z(— bb) +~jj
Expected significance 0.4 1.3
Expected p-value 0.4 0.1 b
Observed p-value 0.9 0.4 b
Expected limit 6.0 f%? 1.8 fg‘g
Observed limit 4.0 2.0
served signal stren -39 T . .
Observed signal strength = —3.9 T35 0.3 £0.8
b~ SRR LI LA L SLLEL AL BURLELRLES BLRLLELE S L Trr T ]
° ATLAS Prellmlnary —e— Data 1 % 29 ATLAS Preliminary —s— Data 13 ATLAS Preli —e— Data
0] 1 —VBFH125)+YX10t 0] - ry VBF H(125 10 relmlnary VBF H(12 103
° s=13TeV, 12,6 fb - 2 7 (QCD) 1 S 180FVs=13TeV,12.6fb" _zm(ocn’)”x 19 (s=13TeV, 126" w71y (Q0D) °:
~ Low BDT o NonkesBkad | - 160/ Mid BDT Zey(EWK T High BDT Z+y(EWK) -
2 —— Uncertaint J @& - [ NonRes Bkgd 1 & [ NonRes Bkgd -
S Y ] "GE,' 140 — Uncertainty 4 = —— Uncertainty ]
> - = . 0] -
w ElT 120:—+ 4 O :
0 0
2 = ' E (= e L e e e e
g 03P 203 z 03
2 0'01 j*+ ¢ B o 0.1 S 01 -
2 0% z 0 S IR TS RS SRR SRR Ry i -~ = e e
£ 5.8 & -0 § 0.1
8 _8% g + + g —8% ++ g 02 -+ l%
Q0. ‘ , ‘ . Q0. ) Q.03 1
50 100 15072000250 300 850° 400, O 0 100 180 200 60 80" 100 120 140 160 180 200 220 240

m,, [GeV] M,y [GeV]
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Higgs boson combination: measured mass
ATLAS+CMS: PRL 114 (2015) 191803

I 1 1 1 I I 1 I 1 I 1 I I 1 1 1 I I I I 1 I 1 1 1 1 1 | 1 1 I 1 | 1 I
ATLAS and CMS —— Total Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy ——e i 126.02 + 0.51 (£ 0.43 £ 0.27) GeV
CMS H—yy = 124.70 £ 0.34 (£ 0.31£ 0.15) GeV
ATLAS H—ZZ—4l I - | 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 I—EI—I 125.07 £ 0.29 (£ 0.25+ 0.14) GeV
ATLAS+CMS 41 I_}E_I 125.15+0.40 (£ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l I—?—I 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 | 1 1
123 124 125 126 127 128 129
m,, [GeV]

m,=125.09+0.24 GeV, statistical error dominates
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Higgs boson combination: measured couplings’

ATLAS+CMS: JHEPOS (2016) 045

Decay channel |Signal Signal Signif. Signif.
strength strength ATLAS CMS
ATLAS CMS

H> yy 1.15%027 . [1.12%025 . |5.0 5.6

H> 27> 4l 1.51*039 ., [1.05*032 . |6.6 7.0

H> ww* 1.23023 . [0.91%024 .. |6.8 4.8

H 1t 1.41%040 . 10.89*03L . |4.4 3.4

H-> bb 0.627037 .. [0.81%045_,  |1.7 2.0

H-> up -0.7 £3.6 0.8 £3.5

*-at mass 125.09 GeV

 Signal is clearly seen in four channels: ZZ*, WW’, yy, tt

« 1=1.09%0.10, statistical error and signal theoretical error dominate

03.10.2016
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Higgs boson: spin and parity

« Channels tested: H>ZZ">4l, H>WW->evuv, H>yy

* Hypotheses tested: 0* (main), BSM 0, 0,*, 2* with universal and non-
universal couplings to fermions and vector bosons

» Tensor structure of HVV interaction (0*) also started to be studied

0,* model describes “the interaction of the Higgs boson with the SM vector bosons with higher-dimension
operators. Phys. Rev. D 81 (2010) 075022, Phys. Rev. D 86 (2012) 095031

Tested Hypothesis pg)l{tp,p 1 pg}l(tp”u fi piﬁ’i piLts Obs. CL; (%)
0 2.5-1072 47-107% 0.8 T7.1-107° 4.7-1072
0— 1.8-1073 1.3-107%  0.88 <3.1-107° <26-1072
2T (kg = Ky) 4.3.1073 29.-100% 061 4.3.-10°° 1.1-102
27 (kg = 0; pr < 300GeV) <31-107° <3.1-107° 052 <3.1-100° <6.5-1077
27 (k, = 0; pr < 125GeV) 3.4.1073 390-100* 071  4.3-107° 1.5-102
27 (ky = 2K,; pT < 300GeV) <3.1-107° <3.1-100° 028 <3.1-100° <43-107°
27 (k, = 2K,; pr < 125GeV)  7.8-1073 1.2-107%  0.80 7.3-107° 3.7-1072

« All alternative to 0* hypotheses considered excluded at >99.9% CL
* 1*/1  hypotheses (forbidden by Landau-Yang theorem for H>vy ) excluded earlier
» No deviations from SM are found in the first study of HVV tensor structure
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Off-shell H>WW and H>ZZ at 8 TeV

% 40_I | T T T [ T T T | T T T | T T T | T T T I T T T | T T I_

2 [ ATLAS s -

= 35p rotEaten e it ]

» H>ZZ->4l, H>ZZ->llvw and = W METG =1 e Expected imil (CLs)

S 30 's=8TeV: [Ldt=203fb" served limit (CLs) -

H>WW->evuv modes above £ - -

(& n ]

2 20F =

- 8 TeV data only S 50 -
* Interference between H signal 105
and gg->VV background 5E

. O:I | 1 1 1 ‘ | 1 1 | 1 1 | | 1 1 1 | 1 1 1 | | 1 | | 1 1 1
« Varying k-factor for gg=>VvVv 06 08 1 12 14 16 1.8 2

RB _ _ K(gg—VV)
H* = K(gg—H"SVV)

background from 0.5 to 2
* 95% CL on off-shell coupling is

) ATLAS: I'y <22.7 MeV at 95% CL
given

CMS: T'y <23 MeV at 95% CL, ZZ
only, but both 7 and 8 TeV data
SM value: T'; ~4 MeV
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H->4l| and H->yy differential cross sections at 8 TeV

Distributions on different

PRL 115 (2015) 091801
T T

kinematical variables (Yy, 8 | arias poon 1 W ONNLOPSIPYB + XH
. = MG5_aMC@NLO+PY8 + XH
pTH’ NjetS’ pT( lead. jet)) b 102F -¢- data, tot. unc. ~ syst. unc. _::_; SHERTDA o )+(H + 4
were studied F \s=8TeV, 20.3fb" T # STWZ+ XH
[ antik, A=04,p">30Gev I o oo XH j
. d = XH = VBF + VH + ttH + bbH
« Total o obtaine —— E{,E
10 :. . I - _E $ _E
« Comparison with different i - * "l [ ;
event  generators  was s—1 | L $ e ]
performed S— : .
k: wf] f
 P-values quantifying the I | e T | |
compatibility of measured o i i 1 1
shapes and predictions S 4;
prd ]
range from 8% to 88% z ﬁ !
g 9 2_ T l 1 ”j/y E%
: : . i) o = -__J- L - g g
Example: distribution on : . . - l .
: T >1 >2 >3 = = =
jet multiplicities
Njets
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VBF H->invisible at 8 TeV

JHEPO1 (2016) 172

Obtained/expected limits on BR(H->inv.) for VBF mechanism

Results Expected +loc —lo +20 —2o | Observed [ eS8 [lnlitefolsse

SR1 0.35 049 025 067 0.19 0.30 bgszelj Or? VBFI
SR2 0.60 0.85 043 1.18 0.32 0.83 el SntiiEls
EPJC74 (2014)2980
Combined Results | 031 044 023 060 0.17 | 028 (2014)
1073 T ]
£ 1079 CJDAMALIBRA 99.7%CL __ 90% CL exclusion:

wue LUX
ATLAS VBF H(inv.)
Higgs portal model
s scalar
=i fermion
i VECtOr

« two very high p;—jets with
large invariant-mass and
rapidity separation

Third jet veto

"
............................

very large E{™ss

WIMP-nucleon cross section [cm?]

47E
18-48 1s=8TeV, 20.3fb"
. .. —4 s invisible) < 0. %
Obtained limit of 0.28 at 95% CL ]g_fﬁ 7777 B (H—invisible) <023 at 80% CL
on BR(H->inv.) is the best limit 1 10 10
on this BR achieved so far WIMP mass [GeV]
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Rare H and Z decays to J/yy and Yy at 8 TeV

Quarkonia were reconstructed using their utu- decays

PRL 114 (2015) 121801

95% CL, Upper Limits

J [ T(15) T(25) T(3S) | D" T(nS)

B(Z — Q~)[107°]
Expected | 2.0%5% | 49775 | 62132 | 54797 | 88751
Observed 2.6 3.4 6.5 5.4 7.9

B(H— Qv)[107°]
Expected | 1.279% 1.8%02 21756 1.8%02 2.57,%
Observed 1.5 1.3 1.9 1.3 2.0

o (pp = H) x B(H — Q7) [fb]

Expected | 26712 38119 4512 3811 547171
Observed 33 29 41 28 44

No one from considered rare decays was observed in 8 TeV data

|. Tsukerman, NewTrends16
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Pair production of Higgs bosons at 8 TeV

o(gg—H)xBR(H—hh) [pb]

IR L L B R B B B
| ATLAS \s=8TeV, 20.3fb"

- hh — bbtt (bbp’thad+bbe1:had) —=— Observed
----- Expected
[ + 10 expected

+ 20 expected

P R SRR RN TN R B

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

102§-I|‘-'-w"*|'“'w*"l*"' IRRERRRRER-
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0.69 pb limit on non-resonant hh-production,
70 times larger than SM cross section

2.1 pb (0.011 pb) limit on H=>hh production
for m, = 260 GeV(1000 GeV)

Interpretations of results

scenarios of MSSM

in two simplified

|. Tsukerman, NewTrends16
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Higgs boson perspectives

ATLAS-PHYS-PUB-2014-016

ATLAS Simulation Preliminary
\s = 14 TeV: [Ldi=300 fb ' ; [Ldt=3000 b

e Recent HL-LHC related notes:
H—yy (comb.) m

R E— VBF H>WW"'>evuv  PUB-2016-018
H— ZZ (comb.) E

] VBF H>ZZ">4l PUB-2016-008
H— WW (comb.) E

P ] H->J/yy PUB-2015-043
H— Zy (incl.)

— ] HH->bbrtr PUB-2015-046
H— bb (comb.) r ;

B e Off-shell H>zZZ->4l PUB-2015-024
H—tt (VBF-like) m
H—ppu  (comb.)

0 0.2 0.4
Ap/p
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Higgs boson in the Standard Model (SM)

= Higgs boson (H) provides fundamental particles with masses

= Higgs boson mass is the only free parameter in the theory.
From theoretical considerations (perturbative unitarity): m,<1 TaB

= His expected to have vacuum quantum numbers, i.e. JP =0*

What we knew about H boson four years ago?

= my>114.4 GeV at 95% CL, smaller masses excluded at higher level
Combined results from four LEP experiments, PL B565 (2003) 61

= my <152 GeV at 95% CL, predicted value: m,, = 94%2% GeV
-24
from theoretical analysis of EW precision data, http://lepewwg.web.cern.ch

= Discovered by both ATLAS and CMS experiments, m,, =125 GeV
ATLAS: PL B716 (2012) 1, CMS: PL B716 (2012) 30; seminar at CERN 04.07.2012
Note. FNAL CDF + DO experiments found ~3c evidence for H boson
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http://lepewwg.web.cern.ch/

‘ o*xBR for SM Higgs boson from theory at 8 TeV

— 10 E | T LI T T T T ] T T T -
Q0 - -
2 E \'s =8TeV - s
o 1‘ v 13 1.5 pb for Tt and ¢1qq
X AR (very difficult modes)
] + i
WW — I'viv ]
10" ZZ - I'qq E
22—l 0.1 pb for VBF tz,
102 ZZ T WH->vbb, ZZ°> ¢£qq, ¢Cvv
. (only transverse mass)
10° =
- | .:'“--l-"‘i 1 -
10°* 200 250
M, [GeV] 0.004 pb H>pp
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections (huge Drell-Yan background)
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