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Introduction

ATLAS

EXPERIMENT

 The legacy of the LHC Run-1 has been a huge success with
the discovery of the Higgs boson and the first measurement

of its properties and couplings.
- No significant deviation from the SM has been found so far.
« gg—H and VBF production, and ZZ, yy, WW decays observed

- many other channels to be observed.

« ATLAS and CMS collaborations obtained many new results

with 36fb1 of 13 TeV data — they are summarized in this talk.

Production process Measured significance (o) FExpected significance (o)

VBF 0.4 4.6

WH 2.4 2.7

ZH 2.3 2.9

VH 3.5 4.2

ttH 4.4 2.0

Decay channel

H— 77 5.5 5.0

H —bb 2.6 3.7

ZH WH  VBF  goF
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e Introduction
 Big news:

— Single experiment

observation of H — tr;
- FEvidence for ttH;

— FEvidence for VH — bb.

 Other SM Higgs searches:

- VH — cc;

- boosted H — bb;
- H — wy;

- H — Zy;

- H — light quarks.

 Towards precision SM Higgs
measurements with H—yy and H—ZZ:

- simplified template cross section;
- differential cross section;

— couplings;

e (Conclusions.
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H — Tt

arXiv:1708.00373 (sub. PLB)

The H — 7t can decay into eu, ut,, ety, 1,7, (t,=t—hadr.).

- All final states have been exploited.

 Three categories with different purities: 0-jet, VBF, boosted.
* 7, identified by a MVA discriminant.

— energy calibrated for different T, final states using Z — 7r;

- m, reconstructed combining T momenta with MET (SVFIT).

 Opposite charge and lepton isolation — QCD rejection.
* [et,, ut,] Transverse mass < 50 GeV — W-jets rejection.
* [eu] Large MET projected along di-tau axis — tt rejection.

 Main backgrounds:

- 7Z — 7t simulation is corrected using Z — uu data;

1/dm,,_ [1/GeV]

1/dm,_ [1/GeV]

CMS Simulation (s = 8 TeV ut,

—— H—-11my =125 GeV

[::] Zo1t

J. Phys. Conf. Ser.
513 (2014) 022035

I L

0.08f
0.06}
0.04f

0.02f

CMS Simu

. M
100 150 200 250
Myis [GEV]
Iqtion s = 8 TeV ut,

—— H—-1ttmy =125 GeV

‘..50..

- W-jets and tt simulations are normalized to data inverting rejection cuts;

HE |
100 150 200 250
m,. [GeV]

- QCD fully estimated from data — ABCD method inverting charge and isolation cuts.
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H — Tt

arXiv:1708.00373 (sub. PLB)

CMS T.T, VBF 35.91b" (13 TeV)
c o o o T T T T T 4 Observed
. . o) 0 <m; <300 GeV : 300 < m; < 500 GeV : 500 < m; < 800 GeV : m; > 800 GeV 1
o Slgnal extraction: o 1 F : : : 4 Elon@-109
c Z-1t
G>) - Z-pplee
- 1 D or 2D ﬁt Of the L ti+jets
t d . . . t . - Wijets
11N OS 1ISCTriminating E | E : 2D muliet
variables, 2D fit 1 Mloves
i D Total unc.
eg' (mJJ 7mrr) fOI‘ ‘[jh‘[jh VBF T T — Ho1t (1t = 1.09)
VBF. Q¢ ote.tig
"1 - —_—_Hotr
Bkg. unc.

I:l Bkg. unc.

 Results [CMS]: S

- w=1.09" 5 (stat)"G 1 (syst )" (theo )5 (bkg stat)

- corresponding to a sign. of 4.90 (exp. 4.70). First observation of H - tc

by a single experiment

e 13 TeV + 8 TeV combination:

- uw=0.98 £ 0.18 — sign. 5.90
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ttH multilepton

CMS-PAS-HIG-17-003
CMS-PAS-HIG-17-004
arXiv:1712.08891 (sub. PRD)

« In ttH, the Higgs boson can decay into leptons (e, u, T) through the
decay H - WW, ZZ, tt

— up to two other leptons can be originated from the top decays in ttH

 The presence of at least two same-sign leptons can be used to
eliminate the large Z/W+jets and tt background.

« Many final states considered.

Categories

e Main backgrounds:

Number of Thad
N

- ttV and VV
— estimated by simulations; 1

38+1Thaa

— charge mis-id, fake T,, non-prompt lept.
0

— data-driven estimate.

Number of light leptons

S. Donato (UZH) SM Higgs boson 9



CMS-PAS-HIG-17-003
CMS-PAS-HIG-17-004
arXiv:1712.08891 (sub. PRD)

ttH multilepton

 Fit is performed combining most

discriminating variables using a BDT.

— In several cases, a multinomial BDT is

trained to reject the different backgrounds

— combined into a 1D discriminant.

e Results:

Final state | Signal strength

[ ls=13TeV, 36.1 fb!

Events / bin

T T T T T

¢ Data [ Kzl
tiw iz
[ Diboson Non-prompt
Bl g mis-id [ Other
- Fake 7, 7/, Uncertainty

- Pre-Fit Bkgd

Category yields

o d

G Lo
T T

=
e N

Data / Pred.

/,wx4/}////%}//%/!/%//&///4/%/%/// A///T//f///

WM%A.# -

2KSS afSQ aff/h, 3 sz ,q,/cl?

efss 3f 4{:2 4/2 7r2 2fos
U

BDT (I*I* cat.)

Events

Sign. (exp.

ATLAS | inclusive | p = 1.61035(stat) 03 (syst)

1.10(2.80

CMS
N(m,) >0 | p=0.7610%2

N(mh) =0 | p=15%03(stat) ) (syst) | 3.30(2.40

1.40(1.8¢

Data/pred.

FI, post-fit (SM prediction)

«+-Data @WZ [Non-prompt
[ttH [JRares [[ICharge mis-m.
mtW @ WW* g Total unc.
Otz [JConv.

- -

\IﬂﬂIEHIﬂIEIEIHEIHIIIIIIlﬂmnmullmulalumlmm T
.8 mmstat. unc.  [E3total unc. .

bt —4— -

1

1.
1.
1.
1.
0.
0.

=t

3 4 5 6 7 é
BDT (ttH, t/ttV) bin
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ttH — bb @

arXiv:1712.08895 (sub. PRD)

« In ttH(bb), 4 b-jets are expected from the top _ | Dilepton category yields

C

2 ATLAS 1 ¢ Data W H [t + light
: . £ 10°F (s=13TeV,36.110" [Jtt+>1c [@tt+>1b mti+ v
and Higgs decays plus: £ oot Dot Toaue. i
10° £ Post-Fit

- 2 leptons + MET (Dilepton decay);

- 2 jets + 1 lepton + MET (Single lept. decay).

 Main background is tt 4+ b/c/light jets. §ra) e i
' CH;{% R Ce,i‘z_-gm CRiy, SRew SR Sk

« Events are categorized depending on the

number of jets and leptons, and b-tagging  Single lepton category yields

5 10°} aTLAS eData  WH  [Jtislight
. o . . 2 {s=13TeV,36.1fb" [Jtt+>1c [ti+=1b mtt+ Vv
discriminant, into: 510} SngeLepon [Nendt  Toalune, -
Post-Fit
10°F

=

- 9 signal regions, to select different purities;

— 10 control regions, to constrain the different

background components.

o

e
oy
o a o a

T

Data / Pred.

Cry CRy CrRy SR5y SRs CR s CR 26, CR 25 SR SRss SR:s
Rg{‘”bﬁz/?t‘zsfc/?rf{b Rg Rfj SR%OSIEUR;&@MR;ZICRQ% /?:;6/ Rssj R’S/
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ttH — bb

arXiv:1712.08895 (sub. PRD)

e Signal is extracted fitting simultaneously all signal and control regions

- BDTs are used to enhance the S/B separation.

e ATLAS results and ttH combination:

Channel Best-fit u Significance
Observed Expected Observed Expected
Multilepton 1.6 e 10T 4lo 2.80
H — bb 0.8 ¢  1.07° 1.40 1.60
0.7 0.8
H — vy 0.6 "¢ 1.0 7e 0.90 1.70
H — 4¢ <19  1.0*7 - 0.60
: 0.3 0.3
Combined 1.2 763 1.0 %53

Evidence for ttH
by a single experiment

Events / bin

Data / Pred.

450
400
350

300¢

50
0

1.25}

1

0.75¢

0.5

BDT distribution in

the highest-purity SR
ATLAS  eData  mtiH

s 1 [Jtt + light [Jtt + 21c ]
i finglz_zg:gnse'1 fo Wti+>b @i+V
5i [CJNon-it 7 Total unc.
| SRy --- ttH (norm) 3
Post-Fit

© m@?«@/@%@% ~

1 08 -06 04 -02 0 02 04 06 08 1

Classification BDT output

e CMS results (ICHEP2016, ~13 fb!): u=-0.19"0% (stat )" (syst)

S. Donato (UZH) SM Higgs boson
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See YSF talk by
Changgiao L| VH — bb ATLAS

JHEP 12 (2017) 024 EXPERIMENT
arXiv:1709.05543 (acc. PRL)

* Most sensible H — bb channel is VH(bb), with a leptonic decay (Z—Z/,
W—lv, Z—vv) to suppress the QCD multijet background.

- H(bb) is also the most sensible VH channel.
 Four channels (0-lepton, 1-lepton, low and high boosted 2-lepton).

- ATLAS split signal regions depending also on the number of jets (2 or 3).

Std. + p-in-jet Correction
Std. + p-in-jet + PtReco Correction
Std. + p-in-jet + Kinematic Likelihood Fit '/-

OO

e control regions added into the final fit

e Main backgrounds are Z+(b)jets, W+ (b)jets, tt: M,, resolution
D S B B L B AR B
. . . o ATLAS Simulation .

- bkg shape modeled using simulations; R P Iy,

~ 16 Powheg MINLO SM ZH — I'lbb
. % i zl'e:iosr;séz {/ets, 2 b-tags /

- yields are free parameters of the final fit; 5" ’*“"‘j:,:\
e Standard Jet Calibration (Std.) ‘fy i:d)*
© A
gi
<

o -o)lo

(USld. Std.

to constrain background yields.

— 152 GeV 0%
----- 13.2 GeV 13%
== 124 GeV 18 %
— 8.8GeV 42 %

e Special calibration of b-jet energy in 04

A
il | oy | 3

1 11 1 1
100 120 140

order to improve m,, resolution.

m,,, [GeV]
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See YSF talk by
Changgiao L| VH — bb ATLAS

JHEP 12 (2017) 024 EXPERIMENT
arXiv:1709.05543 (acc. PRL)

« BDT trained against all bkg in each SR, combining Chanel | _SI/CR | Coegoris
1-lepton SR BDT
* : . : : 2-1.(high p¥.) SR BDT
discriminating variables (eg. m,,, b-tag) ATLAS s | s | ppr
Categories 0-lepton tt CR CSV,
Channel SR/CR T ets | 3 ots 0-lepton Z 4+ LF CR CSV,
oo Sk BST&’ BJS; 0-lepton Z+HFCR | CSV,
° -lepton 1-lepton tt CR CSV
e A simultaneous fit of all SR and CR st SR | BDT | BDT 1w | wiircm| cov:
2-lepton SR (high p¥) | BDT | BDT 1-lepton W +HFCR| CSV,
. . . 2-lepton SR (low p¥%) | BDT | BDT 2L (high p§> tf CR CSV,
is performed for the signal extraction. — e [wrarcr|vid vir g | zoron | o
2-1(high p7) | tt(ep) CR | Yield | mpp 21 (low pY) t CR CSV»
2l(lowpy) | tiew) CR | mep | mup 2l(lowp?) | Z+LFCR | CSV,
2-1.(low p¥.) Z + HF CR CSVy

» [ATLAS] Cross-check analysis w/o BDT  « VZ(bb) measurement:

M. . (bkg subtracted : etributi
oo (PKQ ) Purity distribution - CMS: u=1.02 £+ 0.22
AR RS R R R R N R R 35.9 b (13 TeV)
g ~ ATLAS ;3;13 Vb (41200 8 wlamg T LT
D] [ s=13TeV,36.11p" i - A =1.30) E 5:15 \;:g,.,znc- B ) .
50 L, S E = ATLAS: p = 1.11 = 0.23
_§ 8'_ Weighted by S/B Dijet mass analysis 10t
5 | Results (Runl+Run2):
@ 10°
= :
= ’ - CMS: 3.80 (exp. 3.80)
> 10
+0.31
S o 8 15F ‘ ' ' ‘ ' ‘ '
:UE; —2:—Y|w|w|wlw|\|||\|||\|\|\|\|\|\|||\|1— % ‘|§ i - ATLAS: 3.60(expo 4000)
l.% 40 60 80 100 120 140 160 180 200 8 05k

moey T T w=0.90+0.18(stat )" (syst)

S. Donato (UZH) SM Higgs boson 14
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VH — cc @s

arXiv:1802.04329 (sub. PRL)

ATLAS Simulation

S
. = 10 T ——c efficiency 41% >
 Asfor H — bb, H — cc has been searched in theg " ©5=13TeV. " fncsion 2
_-01 o 41% efficiency wp | 0.4 IQ_J
Z(£)H(cc) channel. z g 1
n =
0.3 Q
* Two c-tagger discriminators have been trained 00s| @
. . . . o
against b-jets and light-jets: 02| @
I 0.15| %
105 ©
- calibrated in data using t - Wb and W — cs/cd. E————— 0.1
3 4567810 20 30
b-jet rejection
* Challenges: c-tagger, BR(H—cc)~2.9%, Z+cc bkg. & . .[ anas o epm
= E Vs=13TeV,36.1 1b" — Fit Result 3
E 2 c-tags, p? > 150 GeV Egﬂ'ets E
* A validation analysis has been performed ¢ | m,, distribution | 2%, .
[ ZH(bb) .
looking for Z(£)W (cs) and Z(£L)Z(cc). 107 S
— +0.5 10
- u=0.6_,, — 1.40 (exp. 2.20)

—_

e Results: u=—69+101

Data/Bkgd.
o0 —A—a
oo

— upper limit u < 100 (exp. 150).

1 - | - L1 L1 | I - L1 IJ\
60 80 100 120 140 160 180 200

m . [GeV]
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arXiv:1709.05543 (acc. PRL)

Boosted H — bb

 Brand new analysis: boosted gg — H — bb.
 Large QCD multijet background.

. AKS jet with p;>450CeV:

— pileup per particle identification (PUPPI);
- soft drop grooming and two subjets (N,! variable);

- double b-tagger specifically designed for H(bb).

* QCD estimated inverting b-tag cut and propagated to SR
with a transfer function R, = f(log(mgsp/pr),Pr)-

 Other backgrounds estimated by simulations —
b-tag fake rate and efficiency constrained from data.

» Challenging signal cross-section computation in boosted gg—H:
— approximate NLO H40,1,2 jet merged with finite m,;

- k-factor ~ 1.3, systematic unc. ~30% on normalization and slope.

35.9 b (13 TeV)
T T T

w double-b tagger

failing region

400

Events/ 7 GeV

300

\\lllf\\lll

anti-tag region

[

L T T

500~ CMS 450 <p_<1000GeV -

w
e Z

et

---- Multijet

&% Total background

I H(bb)

¢ Data

0 oo | P !

= 60F ‘ 3
gl 40 il -
i R

® 0 a8 : s PN . . : : |
! 40 60 80 100 120 fi40 160 180 200

(GeV)

Mgp (G€

359 fb' (13 TeV
it HLE b b

I

L L R

8000F 3!
CMS 450 < p < 1000 Ge

T

= [
~ 70005 double-b tagger e Z
Tn F passing region v T\tAuItijet
g% F ], ek g
CIC) 6000 c &2 Total background
> F I H(bb)
Ll 5000 - + Data
4000

signal region

1000

\\‘HIIlIIIIlLLLIlI\H‘HH‘JIII'IIII'

Data — multijet — t
o}

1.0
« Results: u=2.311.5(stat)+_ _4(Sy5t) — 1.50 (exp. 070') %0 60 80 100 120 140 160 1z'3(oG e
mg, (Ge
S. Donato (UZH) SM Higgs boson 17



H — up

Phys. Rev. Lett. 119 (2017) 051802
CMS-PAS-HIG-17-019

ATLAS

EXPERIMENT

e H — uu can be found as a peak in a smoothly falling background.

The analysis is split in categories with different di-muon mass resolution

and signal purity — a BDT is used to enhance S/B separation.

- VBF-enriched categories have the largest purity and sensitivity.

Results. CMS: u=0.9";,

-0.9

inclusive m
nu

10°

BDT categorization

35.9fb" (13 TeV)

T F CMS Preiminary ¢ Data —ggH
ATCAS YO —9gF = 100 5106-_ aoy qqH
{S=13TeV 36.1fp" [L]Drel-Yan —VBF x 100 Ottsst - ZH
g Top  —VHx 100 F Ow  --WH
C Doib 1075 arTx  --W'H
E posen ::j-.1-.ﬂ'.'L0—-.'L.-.-L-—-t-'H-‘-'-.“hvﬂho—hifziziji>/ ttr{
E 10°
N E "'ﬂ-Q-L._L‘L‘
E L]
= we | |
I~ ;_ o __1__L_L_
102 ;\_'_,—-—|_.—-—-— —|_|_|_LL
.__'—|
] " 18 Bl -
. . - —'_'—_l_l_'_‘—ﬂ_._,_,—-—._l—l_—_;—nJ“I:F
—-— 1B | 0000000 | eeeeadeeeaee
.............. S . [ I SEPRLE N
E = [ T‘I‘i‘\"r+—+-::: [ T T T S I Ay 1Y W
0 115 120 125 130 135 140 145 150 155 160 0 01 02 03 04 05 06 O 08 09 1

my, [GeV]

transformed BDT

S/(S+B) Weighted Events / 0.5 GeV

— 0.980(1.090); ATLAS: u=-0.1=14

CMS Prelimin

10000

8000

6000

4000

2000

o

H—pu

m,, combination

359 fb" (13TeV)

(i125=0.7 for mu=125 GeV

S/(S+B) weighted
[} Data
S+B fit

[
[ J=20

B component

135

130

145 150
m,, [GeV]

740
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H — Zy

JHEP 10 (2017) 112

£

L

EXPERIMENT

 Higgs boson decays into Zy through loops. 000 AR TR M,
B 0.008 (s =13 Tev, 36.1 " Z+y
BR 1 1 t H — }0'007 ’1\111‘5;:V<m <170 GeV !\Z/;S;H—QSGeV
- S11niiar to YY, S 0.006- + B ggF m_ = 125 GeV
5 0.0055 E
but only 6.6% Z — upt/ee. Z 0.004-4 8 E
" 0.003% % =
0.0026 % =
* my, resolution improved recovering the FISR emitted oo _
% 600 800 1000
close to the lepton and with a kinematic fit. m, [GeV]
 Analysis divided in several categories with different e ML )
o 'F ATLAS —Abaia
111 O jof /s=13TeV, 361"  — Background f
purltleS g 10;VBF—enriched E:::Egignijzod“
o Ub my = 125 GeV
R
. 8 1
- VBF category has the largest purity and i E
sensitivity. 47 H ‘ |Hﬁ
2 \ Rl
: ! +“l TL+ LTT
 Result: Upper limit 6.6 times the SM (exp. 5.2).  z ¢ R
w O i $‘3,$.l,,$.i,
§ 5 o T

115 120 125 130 135 140 145 150

my, [GeV]
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arXiv:1712.02758 (sub. JHEP)

H — light quarks

H — ¢y and H — p(770)y have been proposed as
channel to probe the Higgs coupling with the s
quark and u/d quarks, respectively.

 The expected SM BR are 2.3 - 106 and 1.7 - 10-.

« They have been searched in the ¢ - K+K- and
p— -+ decays.

* One isolated photon with p>35 GeV.

 Two isolated tracks with p>15 GeV and mass
compatible to p or ¢.

« Data driven background estimate:
- validated in p and ¢ side bands.

 Results:
- upper limit BR(¢y) 4.8(4.2) - 104 — u<208(182);
— upper limit BR(py) 8.8(8.4) - 104 — u<52(50).

>
[}

G

Candidates / 0.002

Events / 1 GeV

Data / Fit

3000 T 1 KK T T
C Dat
A -

C Vs=13TeV, i _
2500¢ == ?i'(;;l Background

2000 ]

250

200

150

100

II‘IIIIIIIII|IIIIIII-I

1.01

1.02

1.03 1.04 1.05

My [GeV]

¢ Data

ARSI N STt RO
: L++ Vi RO Nk AR

— Background Fit £1o
- Background

[ | B(H—¢y)=4.8x10*
[ BZ—¢m)=0.9x10°

ATLAS

(s=13 TeV, 35.6 fb

—H—LIIIIIIIII'IIIIIII:

f +++++++++ |

80 90

100

120 130
My, [GeV]

110
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Precision SM Higgs boson measurements
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ATLAS-CONF-2017-047
CMS-PAS-HIG-17-015
JHEP 11 (2017) 047
JHEP 10 (2017) 1327
arxiv:1802.04146 (sub. JHEP)

H — 4/ and H — yy A@

N

O

=

(

= 7
Ay\\//

EXPERIMENT

e The H — yy and H — 4/ are the most sensitive channel to provide

;4 (fb)

precision measurement of the Higgs boson.

- ATLAS has already provided the

combination H—4/ + H—vyy.

13 TeV analyses confirm SM expectation:

— measurement cross-section vs 4s.

o(gg - H- 48) CMS

o(gg-H-yy) CMS

BT (7 ToV). 197 6T B TeV), 5916 (13 TeV) 100 [T [ e oo P e e
TT I TTTT ‘ TTTT | TTTT | TTTT | TITTT I TTTT ‘ TTTT I TTTT I TTrT1T = =
r i £ CMS suppiementary 12
65 CMS 15 ool E el
L 1410 C ]

r { Data (stat. @ sys. unc.) . F . g
5F ) ) - F Hoyy 1,
L = Systematic uncertainty i 80— ¢ Data (best-fitm,) -0

Fosan ] [ — syst. uncertainty .

[ =i Standard model n 2oF. B SM (m,=125.09 Gev) ]
4r LHC HXSWG YR4, m =125.09 GeV E C - norm. LHC Higgs XSWG YR4 } ]
r ] F - acc. AMC@NLO 1

| < - 60 — —
3 7 *\\\@\‘ = C ]
2r - - .
[ = ] 40— —
1 i @?‘f@& ] C ]
oot 1 8o g

E pp - (H—-4l)+X N ]
O -r_ 1l I 1111 ‘ L1l | L1l | L1l I L1l | 1111 ‘ L1l I L1l I 11 : 20 _-|—| | - | ‘ | - | ‘ || ‘ | | ‘ 1111 ‘ 1111 I 1111 | \T_

6 7 8 9 10 11 12 13 14 7 8 9 0112 13 14
\@ (TeV) \s (TeV)

CMS pr m 359f"'(13TeV) > 60 m4e — T
% a3 T W T T T 3 [0) B ATLAS o Data 4
G14000f iy ot categories 106 F Higgs (m, = 125.09 GeV)
s e e S/(S+B) weighted 0 [HoZZ >4 - ZZ
L12000y Dat 4 o 50+ i 1V, VWV =
€ P ¢ Data Bhndy I 13TeV, 36.1 fb" W Z-jets,
1110000 = g::?)rfrl]tponem 3 0 E 7 Uncertainty
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CMS-PAS-HIG-17-015
JHEP 11 (2017) 047
JHEP 10 (2017) 1327

arXiv:1802.04146 (sub. JHEP)

H — 4/ and H — yy A@

EXPERIMENT

C /ﬁ*“/ O

e The growing signal allows

to measure the

differential cross section

as a function of variable
eg' pT(H)7 Njet) n(H)a

e Here the measurement of

pr(H) in

H — 4/ and H — vyy.

e The cross section is

measured in a fiducial
phase space in order to

allow a good comparison

with theory.

do, /dp_(H) (fo/GeV)

CMS Preliminary
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Simplified Template
Cross Section (STXC) AL

ENT /8

<

MVA low pr(V)
MVA high pr(V)

_ (EW qqH incl. VH —qqH)

> 2-jet VBF cuts

(o |

(+) 2

!

Y
R

'
P} [0,200]
\/

[Z2ktvats fofRest |

> gy Ky

| |
R

[+ > 2t

.+ VBF cuts
= 2jet pi < 300

W (e | [
. EFT
VH coeffs
| qq — VH |
W — v | (+) |Z—>u+w7 |
oot | [ | | specific
o 150,250 BSM
(+) (+) -
.
L. L, [ Handbook of LHC Higgs cross sections: 4 N
arXiv:1610.07922 .
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Simplified Template
CMS PAS HIG.L7-015 .
reenconer - Cross Section (STXC) ATEAS

JHEP 10 (2017) 1327
arXiv:1802.04146 (sub. JHEP)

« We are going towards the measurement of the | =

Higgs boson cross-section using stage-1 STXC. i %

e e e e e ) e e e e e o e B )

)_E_‘ ATLAS Preliminary

F
99 Vs =13 TeV, 36.1 b

H—yy and H—>ZZ*—4l
my =125.09 GeV, |y, [<2.5

Measurement ke

Stat. uncertainty

Syst. uncertainty D

ttH B u SM prediction I
| |
CMS 35.9fb” (13 TeV) FRtae eimretd o ngsae o) s

I S rpters s v e i
-1 0 1 2 3 4 5

® The ﬁrSt St ep (St age_ O) iS t he / _ 120%; | | H—Z7" - 4] Cross section normalized to SM
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channel (ggH, VBF, VH, ttH) ] aez | [

« ATLAS already provided a ST T ST S S B S

(¢} = L 3
H h
sar e Iy, <25
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[ RN [ = T =
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— —H, 1-jet
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X
=
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T IIIIII|
| | IIIIII|

* [ | —_—
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|
n
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n

T lIIlIIl

o

+qq—Haqq
p/T > 200 GeV

o]

Simplified template cross section measurements
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[ ]
Couplings
CMS-PAS-HIG-17-015
ATLAS-CONF-2017-047

e The first measurements of the coupling

ATLAS |

° . 157 L L ]
modifiers k at 13 TeV are available. N ATLAS Prefminary -
1'45_ & Best fit Vs =13 TeV, 36.1 fo' _5
1.3 —— es%cL H—yy and H—ZZ*—4]
o Example: {ob RSO Lol [Ty =12500GeV 7
N ' -
— fermionic vs bosonic couplings (k; vs ky); £ .
oo | .
- loop couplings: photons vs gluons (k, vs k,). o8 g E
o7E [0812]x[0.812] T =
B b v P b v b b v b v b 1o
. . c 1 08 08 _1 11 12 13 14 15
« Compatible with SM within 1o0. Vs Kg
CMS Preliminary 3591fb™" (13 TeV) CMS Preliminary 35. 9 fo' (13 TeV) f Vv
3 T | L ATLAS T | L | L | I L
Kg VS K SM predicrrom ATLAS Preliminary
Y Best fit s-13TeV, 36117 |
CMS Combfned 68% CL H_};:;dvf_fi;zf?_)[” ]
H(yy) only e Corkined 857 G mt50Gey ]
------- HoZZ' 41 68% OL e, .
square: i
[0812]’£L°.§}.21 ...... ]
08 08 1 i1 12 13 14
04 06 038 1 12 14 16 138 2 02 04 06 08 1 12 14 16 1.8 KV
K,
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CMS-PAS-HIG-17-015
ATLAS-CONF-2017-047

Couplings

J. High Energy Phys. 08 (2016) 045

¥U> EEE e e e e e e e e T T w 1.6 EERE SUEED BRI Ee e e
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I [Jems I o * SMpr ATLAS Preliminary
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I I_i’ ek [Jamas™ "~ ] 1.3 ——es%cL H—yy and H—ZZ*—4]
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Conclusions ATLAS

EXPERIMENT

« CMS and ATLAS collaborations published B
. . . > . F Prelimi _

many important Higgs results in the last year. 3 s """ e
£ 70 DLHC Delivered Recorded: 87 fb’' =
E E [ ]ATLASRecorded  "Msicsi8om’ ]
. . . I 60F —
— single-experiment observation of H — tr; B g | Coodfor Physics E
© E =
— evidence for H — bb and ttH; E 50 -
- new Higgs channel (eg. boosted H — bb); 10E- -

ot |
. . AN D e 8 T T

- large lmprovement 11 H — MM * * * Month in Year

e« H— 4/ and H — yy are now channels for precision measurements
— differential cross sections, and couplings.
* All results have been obtained using 2015-16 data (36 fb-1):

- LHC doubled the integrated luminosity in 2017 and
even more luminosity is expected in 2018.

e Many more results are expected in the next months/years!
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ZH — invisible

e H — invisible decay can be enhanced by New
Physics (eg. dark matter).

- SM prediction BR(H—ZZ—inv.)~10-3

: . ‘ ——
> 10° ATLAS e Data Ztjets

O ) 36.1fp! ™ ZZ ™ Non-resonant-
o 100 ! ’ B Wz mm Others

g ee Stat. + Syst.

D 42 L DM(mmed, m, =500, 100 GeV)x0.27
o — ZH(II+inv) with B(H—inv)=0.3

>

w 10

107"
e Analysis performed in Z(££)H(inv.) channel. o
%) ) ™ \\\\\
e Main backgrounds : 5 os \®N\*“ D D
" oe 100 200 300 | I 1000
. . . ) ETSS [GeV]
- Diboson: estimated by simulation and g T
(GDJ 1T EATLAS 1 ;Dzazta -i;lr?-trsesonant-ll
scaled by a data-driven scale factor S 1 881 Wz = Others
- l"l" Stat. + Syst.
"UE) 102 ke ....DM(mmed, mx=500,100 GeV)x0.27
- Z+jets, non-resonant(ll) : estimated by data. 2 10 T
Te ines
 Results on BR(H—inv.): o
1072
— upper limit 67% (exp. 39%). A AT N
2 %&é{iﬂlﬁ\\xx\i@\\&*&&\%&“\ TS
GC) 0.8 N ;
i 0.6 i i
100 200 300 . 1000
E™* [GeV]
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JHEP 11 (2017) 047
ATLAS-CONF-2017-046

Mass

ATLAS

EXPERIMENT

e Measurement of the Higgs mass and width.

« ATLAS:

- combination H(yy) with H(4{);
combination with LHC Run-1.

e CMS:

-2 AlnL

- only H(4f£) available:

m,=125.26+0.20(stat ) =0.08(syst ) GeV
I',<1.10GeV(95%CL)

Mass combination

' | ! ( ) | I
ATLAS Preliminary
VS 13 TeV, 36.1 fb" —— Total Stat. [ Syst.
Total  Stat. Syst.
LHC Run 1 |_IE_. 125.09 £ 0.24 (£ 0.21+0.11) GeV
H—ZZ*—4] ~ -I 124.88 +0.37 (+ 0.37 + 0.05) GeV
|
H—yy 4 125.11% 0.42 (£ 0.21+ 0.36) GeV
|
Combined I—E—l 124.98 +0.28 ( + 0.19 +0.21) GeV
PR AT S TR N NN T S ST S N PRI A T T T TR N T T S S S
124 124.5 125 125.5 126 126.5
my [GeV]
Mass H(yy) (CMS) Mass H(48) (CMS)
8 CMS 35.9 b (13 Tev) CMS 35.9 fb" (13 TeV
R AARRARARRaas s nan o man s B e e T
- ; £ 101~ =
Fis <
- c}l r
6_ 8; —— Observed ]
------- Expected
B I
n 6 5
4 b el r
= i 1
3 — 2e2u AL IR 4 S s 95% CL|
F—14¢ F
2j —— Combined
= Combined (stat. only) 2 |
e s e e EE AV R SR Y eave ot
O_I““Illlllllllll“ N ] O-4"I'—;‘-—‘II\\ll\ll‘\ll\lll\ll\llllll
120 121 122 123 124 125 126 127 0 0.5 1 1.5 2 25 3
m, (GeV) I\, (GeV)
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H — bb (History)

PLB 776 (2017) 318

» Significance @125 GeV (expected): 10" € fevatron Run L, <97fb™  —=1-CL, Observed
EREEE 1{Lh Emecmd
_ CDF: ~2.80 (~1.50) '?E|_Tevatron B

- ATLAS:1.70 (2.70) — Run-1
3.50 (3.00) — Run-2

Background p-value
=

102

3.60 (4.00) — Run-1+Run-2 3

10°
_ ATLAS: 2.06 (2.50) — Run-1 oTTRN TR RPN (TN T
100 105 110 115 120 125 130 135 140 145 150

3.30 (2.80) — Run-2

o 1 | T T ™4
=) E: 3
g o =
3.80 (3.80) — Run-14+Run-2 210"
3
o S ........... P
g 0= ATLAS \s=7 TeV [Ldt=4.7 b 102 e . it
= F |~ Observed 1s=8 TeV [Ldt=203fb" Bairotet ] ]
) :_ J===-Expected i fifbigirl b s L : = 1 ho
E ----------- Injected 125 GeV 1 1 10 :— cMS 1 =
10_‘? ——————————— g = f \s=7TeV,L:I5.0fb'1 q
3 i i) 104E 1s=8TeV,L418.9 fb" =
e '”:"""*'ﬂ'.:..', """""" L :—""""—',;..‘..-‘---“‘:“;"-‘"'-‘ = g pp — VH; H —ibb E
,,,,,,,,,,,,,,,,, [ o - 1 1
............ S —=e— Observe
ATLAS Runl _________ o _—_—_‘_'::_‘:_________________aj____ CMS Runl -------- Expected from SM Higgs boson %
107 |
E i I 1 0'6 r L L 1 1 | 1 1 1 1 | /] L 1 1 - L L 1 1 | /! 1 | 1 |
e L e e e 110 115 120 125 130 135
110 115 120 125 130 135 m, [Ge%o my [GeV]
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