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OUTLINE

» ntroduction to Higgs physies

> thgos properties and cross sections
" couplings
" Higgs width
" Higgs mass

> Concluslons

@ Several new ATULAS results released L the past months
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INTRODUCTION

> wWe have just recently celebrated the A
Higgs birthday

» The Higgs bosow discovery opened a new
winodow itnto the sector of the SM
Lagrangian responsible for BW symmetry
breaking!

> Preclston. measurements are vital to test
theoretical models
" (nittal results th Run 1
" Many results ln Run 2
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THE HHGGS BOSON IN THE

pa STANDARD MODEL
> Bg interacting with all the SM particles, the Higgs field gives
themw mass
" Two different types of tree-level coupLngs
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FHGGS PHYSICS AT LHC
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» 1 Higgs boson produced every 107 proton-protow collisions
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FHGGS PHYSICS AT LHC
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» 1 Higgs boson produced every 107 proton-protow collisions
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FHGGS PRODUCTION AT LHC

CooF: 225 CLBF 78 D>—

g q - /
How should 1 be
Qduced tD
t, b -->---H time?
o
g ~4M HLggs in Run 2* o

q

q

rd 4 f
~40k H'L%s L Run 2

~200R Hggs in Run 2

*Ruwn 2 refers to 2015-201F at 13 TeV
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HHGGS BOSON DECAY MODES

ZZ* cc ;23‘{
T 2.e% _ yvo=sg

> Awnalyses ongoing in
all the main chanwnels,
direatLa or Lwdircct%

— No couplings
measurements without theory
assump’ciows

> combination of all the

chanwnels Ls cructal:
" tp Lncrease sewsitivi’ca
" to resolve ambiguity

ww*

21.4% ol

58.2%
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C,ooal Mmass
“ resoLutww
(deal for precision
measurements
stnce well modelled

background and
clear signatures

,l Low BR, especLaLLg,

ZZ* cc2.9%
T oe% | nge==

99

R

Z.Z*, 0.012% tn 4L

i

1

1
High BR, but i
’ , 1

reduced tn the di- |
1

Lepton. mode, 1.1% |
52.2% Low mass E
resolutlon because E
0.0 of v in final states |
1
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H—ZZ* and H—yy:
DISCOVERY CHANNELS

H 5ot *\n%

mue

electron \

.

/‘/’/'/A g\
4, Yean --\/ ‘
4 4 ’
v / .l \\ \ X

»
g
.

muon

_
—_—

ATLAS-CONF-2018-028
Oyor Brizz+=1.22 £0.18 pb O rolucive =604 6.1 (stat.)

Over Bz -+=0.25 * 0.09 *+0.3 (theo.) {0
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https://cds.cern.ch/record/2621479/files/ATLAS-CONF-2018-018.pdf
https://cds.cern.ch/record/2628771/files/ATLAS-CONF-2018-028.pdf

L. -4~ Data

ATLAS Preliminary Uncertainty
H->WW*—evuv, Nigt <1 = :V“/'V
Vs=13TeV, 36.1 fb" 0 Misid
Wz
] ttwme
B Higgs

F Brwwr—12.6TE3 (stat. ) T2 (syst.) pb and w0 =1.217837

99
O\er Brwws=0.50"733%(stat.) +0.18 (sgst.) pb and w ., =0.62783
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https://arxiv.org/pdf/1808.09054.pdf

FHEGGS BOSON MASS

> Extraction based on di——Pho’cow and 4L lnvartant mass

i 1
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I @ - —— Signal + Background Vs =13TeV,36.1fb" J L - {s=13 TeV. 36.1 fb" — Fit . !
! S - —— Signal In(1+S/B) weighted sum QY 405 - 4 ' = I
! 'g 500 B @ - H—=ZZ*— 4] \:' Background 7 :
I L - +— C ]
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i - . - = = I
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! 15 35 35 5 s . 110 115 120 125 130 135 i
i M,=124.931+0.40 GeV m,, [GeV] My =124.F9*0.37 Gev  m, [GeV] !
I
L

m,, = (124.9710.24) qgev — 1.9 permille
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https://arxiv.org/pdf/1806.00242.pdf

.

HIGGS BOSON WIDTH

» n contrast of LEP or ILC, at LHC only 0-BR can be measured
" The measurement of I, is extremely hard at LHC
" [, cannot be tnferred from measurements of Higgs boson
rates. The SM expectation s 4 MeV.
> Direct and tndirect strategies have beewn considered:

" From the on-shell mass peak — Limited by mass resolution,
~1 GeV arXiv:1806.00242
" From the Lifetime
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https://arxiv.org/pdf/1806.00242.pdf

HIGGS BOSON WIDTH

» n contrast of LEP or ILC, at LHC only 0-BR can be measured
" The measurement of I, is extremely hard at LHC
" [, cannot be tnferred from measurements of Higgs boson
rates. The SM expectation s 4 MeV.
> Direct and tndirect strategies have beewn considered:

" From couplings

" From off-shell to on-shell production
— Best proxy to-date (under some assumptions)!
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gl ¥ CONSTRAINING THE HIGGS
g BOSON WIDTH

> Usiing the relative on-shell and off-shell production, we can
indirectly constrain the Higgs bosow total width

0] - =
oftf-shell
Moff-shell = o - k"g,off—sheu RS, ot shell
offt-shell, sSM
2 2
Mon-shell = Oonshell — k"a,mﬂf—sheu 'Q‘V,o-FF—sheLL
GDW—SMCLL,SM rH—/ rH’, SM

» This strategy is assuming

Moff-chell 3 I Ldentical on-shell and off-shell

lings
B coup 9
MD""'SMLL H, SM " No wnew phgsics alters the Higgs
From an independent analysis couplings in the off-shell regime
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STRATEGY AND RESULTS

> Two decag chanwnels, H* > ZZ, — 4l and H* > ZZ — 2l2v
> Dlserimlnants: transverse mass (2l2v) and Matrix-Element (4L)

I
| | 220 < my, < 2000 eV : r————— INTERFERENCE 1
: E 10°E AT AS Prehmmary. Data I : :
5 A (s - ! 1

v : g 104 5-13ToV, 361 & oo™ : : > Production o-f two Z, bosons tn I

N 0 B o vrounds 11 fustow of two gluons can oceur :
I q>) 10 K Uncertain ’ ’

NE S tneerny : | either directly or through the :
I ’

R I | Higgs bosons :
I ’ ’

S i : | > Thetwo amplitudes interfere :
I ’ 4

§ I : : olestructu\/el,g tn the SM :
I 1 | I

. § : : : g Z g** ------- AVAVAVAVAVA Z :

< 13 f LTI g N R I

N i (e I 9 " l
: E’ 1”0&0@& *ﬁ#\ \\\?{\ W\\&\\% : : & Z@% :

g /z/ 000000000 v/

- 300 400 500 600 700 800 900 100011001200 1 1| o g MA/VVZ !
: m, [Gev] | : ~ - :

Ruwn 2 result: M, <14.4 MeV obs. (15.2 MeV exp.) arXiv:1208.0119
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https://arxiv.org/pdf/1808.01191.pdf

DIFFERENTIAL MEASUREMENTS

> New precision on the Higgs-p, spectrum
> Dlstribution talls sensitive to new ph gsics

r
1
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http://cdsweb.cern.ch/record/2628771/files/ATLAS-CONF-2018-028.pdf
https://cds.cern.ch/record/2621479/files/ATLAS-CONF-2018-018.pdf

FHHGGS TO FERMIONS

ZZ* ce ;23‘{0
e o 2
6.3 (3

o

Yy 0.23%
Significant BR

| * Allow direct
probe to fermions

99
2.2%

Low S/®B,
challenging
measurement

it allows couplings
measurements to
2% generation

58.2%

———————————— -
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> Direct probe to coupling to b-type quarks

> Because of the large BR, the wncertainty on the total decay

wioth (—wmeasurement of the absolute couplings) relies on this
channel

Flrst Evidence LHC
from TEVATRON in 2012 Evidence in 2017
2.80 Obs. (1.50 Exp.) 3.60 Obs. (4.00 Exp.) ATLAS
3.10 global 3.80 Obs. (3.0 Exp.) CMS

> VH production is the most sensttive mode to search for
H — bb at LHC
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.109.071804
https://link.springer.com/article/10.1007/JHEP12(2017)024
https://arxiv.org/pdf/1709.07497.pdf

SEARCHING
Hbb at LHC

CHALLENGES OF H—bb

> Let'’s compare it with one of the discovery channels
" Values in the table before the analyses strategies (discriminants, BDT ...)

H H — bb

—S
Sranchingrato oo e

Mass resolution 10%

S/B

RECIPE FOR THE

PERFECT SEARCH ¢ 4
1. Great b-jet identification
performance f ;
>

. Best possibte m (bb) resolution

, , — 3 /
. Leverage on all the event vaformatww More ts not ﬂlWﬂy = better
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VH(H —bb) TOPOLOGY

CATESGORIZATION

> 3 decay channels
» Classification based on

the number of leptons
from V=W/Z bosons
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VH(H —bb) TOPOLOGY

SELECTION
> 2 b-jets from Higgs +
Leptons from v decayy

Tveige B-tagogers: T AR
é "::%;’;' selecting |Gt 4 - /DT( Vv)> > F5 oy 150 GEV
XTI

/i | the 2bjets WS " b-jets identification
Y WE nee o , ,
\ﬁ;{ Q) based on multivariate

techniques exploiting

, ; the long b-hadron

b-jet effictency lifetime
0%
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VH(H —bb) TOPOLOGY

BACKGROUND
DIBOSON OTHERS IRREDUCIBLE

V-Z, a perfect standard candle to Normalization from
validate the analysis strategy data (CR), shapes from MC
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VH(H — bb) STRATESGY AND
RUN-2| RESULTS

> Main discriminants|\m,,, p, (V) and AR,,| combined into a
Boosted Decision Treﬂ (BDT)

™ 10 A A R A A B B A
- E P —— =
S E ATLAS Preliminary = VH — Vbb (u=1.16) 3
P - Vs=13TeV,79.8fb" -giboson 3
c | 11/epton, 2 jets, 2 b-tags : i
[ [ Single top
i Multijet
{ZJH — V\/bb} @ g pY = 150 GeV o Ml = Z LLbb
™ Eror — ERRREEE E 2 3 l' >
- o —— -] r £33 Uncertainty a8 @ - v ]
S E ATLAS Preliminary B VH — Vbb (u=1.16) ] Coertre <= Pre-fit background - " ATLAS Preliminary T Data 3
» | {s=13TeV,79.81b™ — tI%iboson i R —SMVH —>Vbbx20 Jf 2 LG 13 rev 70810 =\éirl|m—s-°\:‘bb (u=1.16)
€ 7 - : P e i —f o 10" Vs=13TeV, 79. =
o 104__01ep ton, 2 jets, 2 b-tags o Single top — 10°E El B = 2 leptons, 2 jets, 2 b-tags - Z 3
] E p¥ = 150 GeV - W E 1 2 C tt ]
C - Z Al F e u| W [ pY =150 Gev s Single top ]
C Uncertainty 7 = 5l - W ) ]
B -+ Pre-fit background | ) 10°E mg;‘:ﬁ?ﬁ'a"éﬁgmund 3
. — SMVH — Vbb x 10 10 E = -t Ay S
10° E IR — 3 .
aney E 102 |
Nsisp—TmT——T— T T =
2 o 8 —
10 % 1 E _\‘;\\ m@ 10
go_s:—...|...|H.\..‘l...l...l‘..\‘ =
-1 -08 -06-04 -02 0 02 04 0.6 0.8 1
output 1
_81‘5:J‘.|,.,|.,‘|.,.|H.|y.,|.u|,.|H W" 3 L\/bb _61.5__,,”,,,,.”[..I‘H-H,..w &\:
% 1 —.———-O—W “.3\\‘\\W % 1 ;ﬂ.,;*__.ﬁ\\\\r’\?\\\\\*\\\\\;*;\;% i\;\\ \&F\
go_s'—.HI.A.l..Jl.Hl.HI.A.l..Jl.Hl.HIHr‘ ® 05 Bl 1S ‘
-1 -08 -06-04-02 0 02 04 06 08 1 e -1 -08 -06-04 02 0 02 04 06 0.8 1
BDT,,, output BDT,, output
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VH(H — bb) STRATESGY AND
RUN-2| RESULTS

wbimner 7t

> Main diseriminants|\m,,, p, (V) and AR
Boosted Decision Tree (BDT)

@ - eESULTS : (run2)
S Lt Wbthﬁ g 1Y
bb % > FLt Vgsu 1é 05;
- Z,H—n/vma;_m M"J o Tt = . 2_
S - ATLAS Prellmmary :\I;:L—»Vbb(p-1 16) E ayboe: 1.16) ]
R I . signific ]
g 10“§ o » 150 GeV =S"9'e'°" E (4 =20 6}(P ) :
E ’ lzjncertainty E 4jJ Obs 1 __
L —petgong | qtion with RV i
10° > Ogm,bbl/b t) +o.17 (Sgsf) 3
] —0.9 ot0.14 (stat) pic
- 1.5 T
10 DES 0.51 E SbnganWGe
a -1 1J BXP )
| . jO’ObS (5.
%J 15; *——*—«-—omw_._m-»-ﬂw_t 5 1 pee—e— ‘*‘+~+~ _¢_»+>4«\\\\\\w\\\§
& O s s o o e 0 0a s e B O s 06 04 02 08

-1 -08 -0.6 04—02 0 02 04 06 08 1
BDT,, output

BDT,,, output
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VIH and H—bb RESULTS

H —bb combination

T T T T I T 1 T 7T I T T T T I T L I T 1 T T I T T T T l T 1 1T 7T
ATLAS Preliminary Vs=7TeV,8TeV, and 13 TeV
47 fo ", 20.3 fb™, and 24.5-79.8 fb™’

—Total — Stat.
( Tot.) ( Stat., Syst.)
VBF1OOF | h—e——n 168 3 (45,55

+0.56 +0.28 +0.48

(—0.27 » -0.46 )

+0.14 .
(—0.14 ' 0.

Slgn[ﬂamxwe CarxXivi1go.082232 | e
5. 40 pbs. (555&(,0. )
Observation of H—bb !

VH combination @

Run-2 analgses:

o VI H—bb Significance : arXiv:1202.02238
° VH /_/—_)yy 5.30 pbs. (4 é’Je/CID.)

o Vit H—ozZzA  Observation of Vi production !
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https://arxiv.org/pdf/1808.08238.pdf
https://arxiv.org/pdf/1808.08238.pdf

7O TOP-CUARK

N AV/AV4

2 b-jets +- lv+2jets

- 4jets
_Jets, leptons, MET, y

R
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YO #r caTEGORIES

° H—- ww* — lvlv
* H— TTand

* H Do ZZ* without zz* >4l
Multi-leptons

|t —bb_ 3
i .
t e,y
) Wt t W+ q g 0O0000 wr \_le. v,
g = L b
<Q %0 . Y q H < b
e q:::: q 9000000 W- g

Tl
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ttH CATCGORIES

° H—- ww* — lvlv
* H— TTand

* H Do ZZ* withoutZz* —4L
Multi-leptons

H—o ZZ* > 4l :

10

0

1.25
f W R0 L, 0,3
o

v

L PR T AN S S T T SN S ST T A S S S T R SR R
110 120 130 140 150 160
m,, [GeV] 1

1.25 E
tt(H— YY) 4.10 obs. (3?0’ exp. ) % 1 ﬁ%/»ﬁeea’/;ﬁyf4‘///#4/74‘///;*/»% /%/{/w/#&% 7z (t(+H— bb) 1.40 obs.
t(H— Z.Z*) 0.000bs. (1.20 explEIN (.60 exp.)

0.5

¢ ]

— o ttH 3
* —> q D)tiw Mtz . b b
H YY 7 2 Diboson []Other . ' l —>
2005 +T1Th,g WFake 7, ., 77 Uncertainty T _ -
> il = = 3 i 5 N B A o Data WttH
8 35: 4 Data XTLAS . 103} Postfit Prefit Bkgd. s Tf::fTev w1 i) CEelgnt Dtts =tc |
0 g R Continuum Background\s = 13 TeV, 79.8 fo 'y g 1400} Single Lepto E;\t‘gni:-b ’;E;ta\l/unc ]
ol L ---- Total Background m, = 125.09°Cev ] lfRatlF't -~ ttH (norm)
-~ . — ost-FI
£ 25 — Signal + Background All categories —
_-S, - In(1+S/B) weighted sum ] w0
) r -
B 5 o
5 - ]
£ 15 E B 400
= - -
n = = 200

Data / Pred.

0.75

0‘5-1 -0.8

-06 -04 -02 0 02 04 06 08

Classification BDT output

1

L3 AL A

1 08 06 04 02 0 02 04 06 08
BDT output

tt (H— multi-lepton) 4120 0bs. (2.80 exp.)

1

11/09/2018 L. Marchese Higgs properties and cross sections 29



ttH RESULTS

Significance :
5.80 0bs. (4.90 ¢xp.)
Observation of ttH production!

\

ttH combination

T T T ] T T T T I T T T T I T T T T I T T T T ] T

Run-2+Run-1 andalyses: significance &.30 obs. (5.10 ¢exp.)

Cross section: O ,,,,=&70190 (stat.) S
with o st SM =507 fb ArXiV:1806.00

ATLAS e Total =~ Stat. [ Syst. — SM
{s=13TeV, 36.1-79.8 fo
Total Stat. Syst.
ttH (bb) |.—J‘.| 079+ 9% (= 9% ,+053)
iH (multilepton) He=— 156+ 0l (= 02 +* 027 )
ttH (vy) === 139+ g% (= 0% »* 037 )
ttH(Z2) ke <1.77 at 68% CL
Combined H==H 132+ 2 (+0.18,x 2%
1 1 1 1 I 1 L 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 L I 1 1
0 1 2 3 4
SM
Oy O

(syst.) 1o

435/
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arxiv:1806.00425
arxiv:1806.00425

» Analyses use all the T leptonic
and hadronic decay modes: T
—hadrons +v and T—Llw

> Ccategories considered: VBF and
GGF in the “boosted regime”

» Main background Z — 1T

» Normalization from data
and shapes from MC

» Main discriminant m

Significance Run 1+Run 2:
&.40 0bs. (540 exp.)
ATLAS-CONF-2018-021

09/09/2018 L. Marchese

L P -e- Data 2015+ 2016
i ATLAS PreI|m|_r11ary [ Hos ot (1 =1.09)
Vs=13TeV, 36.1fb e
TepThag VBF tight SR I Other Backgr.
— °P (] Misidentified 7
Uncertainty

had

Events/GeV

10

1

—

Data/Bkg

o
(SN S))

1 I | I | | L1 1 | L1

50 100 150 200

mi'C [GeV]

LA DAL LN BN LA B B LN IR B
ATLAS Preliminary Vs=13TeV, 36.1fb"

—total —stat. —SM exp.
total (stat., syst.)

Boosted cat. +1.54 4078 +1.33
3.92 -1.33 (—0.77’—1.08)

VBF cat. . . ( +0.89
-0.85 ’

Combination 371 106 (+o.eo
" -0.95 059’

AT U ETUTET APETTE R B
10 12 14 16 18 20
O-H—nr[pb]

Higgs properties and cross sections



https://cds.cern.ch/record/2621794/files/ATLAS-CONF-2018-021.pdf

with 2, Lsofﬂffd and H— bb, but based on
opposLte-stgn muons

Entries / GeV

Data - fit
G (data)

2" GENERATION: H—cec and H— puu

> L L B B L B T
§ 10°L ATLAS ) . 3;2% j_
H > MM /-7(— —> e ‘:u_, f :t;;sT;}/':féygev ggil?;ssun :
3 4 ’ ’, Ve § mzz ?
Selection: events Selection: similar to |° B E

— ZH(cT) (100xSM) |

specific c-tagging
techniques

I

TTTTTTTT MM NS L NN LA L BN B BLELELEL LR

T
-~ ATLAS Preliminary
50— VBF tight \s=13TeV, 79.8fb"
x?/ndof = 31.2/48 H—pp analysis

OO -
[e2Yo-Y=] SEN

°
2
40 @
—e— Data g el b b b b by b
Background (=} 60 80 100 120 140 160 180 200
30 —— Signal x 20 m . [GeV]
20 * ArXiLV:1 802 .04329

IIIIIIIIIIIIIIIIIllII

Run 2 (36.1 o*)
Run 2 (80 v*) getting Moo < 11O

10

TTT T[T T T T[T T T I Jo—®

>
|

o + | | N close to SM sensLtivit, w.r.t. SM
bt Ry g exp.

110115120 125 130 135 140 145 150%15[5%\1/?0 M i < 2.7 vbs. (020 5/(/'0)
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https://arxiv.org/pdf/1802.04329.pdf
https://cds.cern.ch/record/2628763/files/ATLAS-CONF-2018-026.pdf

COMBINING ALL THE ,
To be updated with
MEASUREMENTS the Hbb observation

COUPLINGS
PROD%cﬁoN >> lllll T T Illlll T T llllll T IIIIII T
T T T T T T T T T E i . . ]
ATLAS Preliminary Qpserved +lo +—— E 1E ATLAS Preliminary -
Vs=13TeV,36.1-79.8fb" sys{_ uncenaimyy:, - Vs=13TeV, 36.1-79.8 fb™" a,.-’t :
; m,, = 125.09 GeV, |y:el;2.5 SM prediction 5 - m,=125.09 GeV, |yH| <25 ’ W ]
77 H:__i EI-I-|> 1 0—1 - T SM Higgs boson =
ogF = L : -
L P—_— ~ B A i
comb. sl - a -
ry — —2| _
z T e—— 107 g
VBF ww he———{ C ]
T — = -
comb.| ;-=4 77777777777777777777777777777777777 i i
1 e 10°%: E
VH 24 E T - H -~ -
bb | ] C L i
comb. Hm—— Lo 4
vy i _
w — 1074 ;
ttH+tHTT I . | -lllll 1 1 llllllI 1 1 lllllll 1 11 llllll ]
bb 1
el T 10 1 10 10°
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Global signal strength: p ,, =1.123722 ATLAS-CONF-2012-031
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https://cds.cern.ch/record/2629412/files/ATLAS-CONF-2018-031.pdf

CONCLUSIONS

» The LHC Run 2 has improved the precision of Higgs
physics and allowed new couplings measurements
" Direct observation for all the main production
modes: ggF, VBF, VH and ttH
" ALL five decay wodes foreseen for light Higgs
(ww*, ZzZ*, yy, bb and 77) observed
" New precision for the wmass and better (indirect)
CoNStraints for the width:
m,, = (124.97L0.24) geVv and [, <14.4 Mev
" Couplings to muons look promising
" SM consistency reduces BSM possibilities
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PILEUP
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——5 tracks b jet

------ b hadron
------ impact
parameter
secondary
vertex
do

ight jet

‘ 7‘\primary vertex

11/09/2018

O-TAGSGING

> Specific algorithms developed to
Lalewtifg (tag) jets produced by
b-quarks

> Separatiow of b-jets from Light
(w, d, s, 9) jets using specific b-
hadrons properties:

L. Marchese

Long b-hadrow Lifetime T ~ 1.5 ps
— 20 GeV b-hadrons decays after
~ 2mm

Search for tracks or Vertexes
displaced w.r.t. pri,marg vertex
and Large tmpact parameters for
displaced tracks

Search Leptons from semileptonic
b deca ys, with large transverse
momentum w.r.t. jet axis

Higgs properties and cross sections 37



O-TAGGING PERFORMANCES

> A new multivariate b-tagging algorithm, Mv2c10, was

developed for Run2 and it’s based on a BDT: arxiv:1805.01845
" BDT trained on a events from a tt sample
" Selection tuned to produce an average efficiency of 70% for b-jets
" ets are tagged as containing b-hadrons by requiring a large
MV22c10 BPT output value

| L L N L N S RN o 10' T T T T T T
2 | ATLAS Simulation 2
o ’ , , - _ i . .
°o b_J et ‘Pum,tg LS: E [ s=13TeV, T — pjess N ATLAS Simulation
c — - cets _; sl \\ — — Light-flavour jet rejection |
e SAMPLE 2107 - Light flavour jets s N T Cletrejection
, " o N
72 - 2] samp : g . i
53% - 3] sample 102 i N :
ee/ U SAMPLE
e 10E =
62% - QJ SaVMIPLC 102 c 3
’ . -
4% - 3| sample | jetp>20 GeV, n|<2.5 I jet °, 520 GgY, Inl<2. 5
7 J P CL 11 | 111 | 111 | 111 | 111 | 11 1 ‘ 111 ‘ 111 | 111 | 11 :I'- ﬂ |
-1 -08 -06 -04 02 0 02 04 06 038 1 055 06 065 075 08 085 0 9 095 1
MV2c10 BDT output distribution b-jet efficiency
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https://arxiv.org/pdf/1805.01845.pdf

P,

VH(HOb) SYSTEMATIC
UNCERATAINTIES

Source of uncertainty 0y
Total 0.259
Statistical 0.161
Systematic 0.203
Experimental uncertainties
’, ’, Jets 0.035
> Breakdoww of the contributions to fmiss 0.014
, ’ Leptons 0.009
the uncerta LV\«tg L MVH(H—bb) b-jets 0.061
, , , b-tagging c-jets 0.042
" Leading contributions: light jets 0.009
’ c extrapolation 0.008
> Modelling of the signal Pile-up 0.007
. . . ’ Luminosity 0.023
> LLVWLt@D[ stze Df SLV%%Lﬂth SﬂM‘PLCS Theoretical and modelling uncertainties
> Modelling of background T — 0:0947
> b-ta gowng 6{‘&0!,6!/\/03 Floating normalisations 0.035
Z + jets 0.055
W + jets 0.060
1 0.050
Single top quark 0.028
Diboson 0.054
Multijet 0.005
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VH(HDY): VALIDATION

» A validation of the multivariate analysts is performed using
the m,, variable as a discriminant

f? T TTT TTT 1T 1T 1T T TT l TTT l 1T I ]
.g 1 8:_ lATLAIS Intelrnal | ! -ol Data B
7)) - Vs=13TeV,79.81b" I VH, H — bb (u=1.06)
» 16 0+1+2leptons [ Diboson —
_@ = 2+3jets, 2 b-tags Uncertainty ] > F L

8 14 :_ Weighted by Higgs S/B Dijet mass analysis —:
o) C ]
. 12 -
o :
A z
‘S 8r ]

S 6f

o 2f

< oF
i) - ]
qC) _2 _I I 11 1 I 111 I 1 1 1 | 11 | | 111 | 1 11 | 111 I 11 1 | l_
2 40 60 80 100 120 140160 180 200
m,, [GeV]
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VH(HDY) INDIVIDUAL RESULTS

» Wt and ZH results: 24%
> ndividual-category results: compatibility

0% oompatibLLi’cg

ATLAS Internal VH H—> bb \(__13 TeV 798fb1
—Total — Stat.
( Tot.) ( Stat., Syst.)
Signal strength parameter | Signal strength | WH [ P — 1.08 ‘007 (0%7, 034 )
0-lepton 1.04+0-34
-0.32 ZH H—e—n 1.20 *033 (+o.23 +o.23)
1-lepton 1. 09+0 46 : -0.31  \-0.23 1 -0.20
p <42 (!
) +0.46
2-lepton 1.38 -0.42 Comb. o= 116 *02 (+0.16 1021 )
— . . : —0.25 -0.16 » -0.19
VH, H — bb combination 1161031 T T R T T
00.51152253354455
ubb
VH
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e

teH H—yy

> clear signature: 2 isolated photons + at least one b-tagoed jet

_  Had: at Least 2 additiona Ljets ano wo Lsolated Leptons

enriched tn hadronte top-deca Ys
> 2SRs —

| Lep: at least one isolated Leptons
Ewnriched in semi-Leptonic top-decays

> Background: non-resonant diphoton processes, including tt+2y. Also
non-ttH processes, L.e. tH and ggF in ‘Had’ and tH and vH in ‘Lep’

> Strateg Y: 2 dedicated BDTs whose tnwput variables are: [p, , ¢ and € of

thejets (Leptows)] + (pT/myy ,MET[Vufo, N and ¢ of the Plflotows)

> BDT bins chosewn to optimi,ze the expected ttH sewsitivitg
> neach BDT bin the ttH signal yield is extracted by performing an
unbinned Likelihood fit to the dipho‘cow LavVartant mass
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teH H—yy

" | , : .
© 100— -
S [ ATLAS ¢ _Data ’
kT - -1 B ttH (u=1.4) |
sl s=13TeV, 79.8 fb 2 Non-tiH Higgs ]
B I Cont. Bkg. -
60 Had categories Lep categories |
40 -
20 —
o 20F N
o — ttH (u=1.4)
s 10
©
° o , | | | . .
Had 4 Had 3 Had 2 Had 1 Lep 3 Lep 2 Lep 1
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t“'x\\{ \ ttH H—ZZ* sl y

> cClear signature: at least 4 isolated Leptons (sfos) + at least one b-tagged jet

> 2 SRs: 'Had’ (at least = additiowaLjets ano wo isolated Leptons) and ‘Lep’
(at least one additional Lsolated Lepton and one jet) similarly to ettt H—yy

> Background: ttw, ttZ and non-ttH processes (9oF and tH for ‘Had’ and tH
for ‘Lep’)

> Strategy: BDT in ‘Had’ whose inwput variables are kinematic variables of
Jets and Leptons and a single region for ‘Lep’
» 2 BDT bins chosen to optimize the expected ttH semsitivity in the ‘Had’
» The ttH observed signal and expected background yields extracted in
the ‘Hao’ BDT bins and in the ‘Lep’ regions are used as input for a
Likelihood fit to the diphoton invariant mass to extract the ttH yield.
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e

teH COMBINATION

> The final combination is performen using the profile likelihood method

based on simultaneous fits to the signal regions and CRs of the
individual analyses

» Syst. Uncertainties effects taken tnto account through nuisance
parameters

> Nown-ttH processes fixed to SM predictions in the final fit

Analysis Integrated ttH cross Obs.  Exp.

luminosity [fb™!] section [fb] sign.  sign.
H — yy 79.8 710 *30 (stat.) *520 (syst) 4.l 370
H — multilepton 36.1 790 +£150 (stat.) ﬂig (syst.) 4.1l 280
H — bb 36.1 400 fiig (stat.) £ 270 (syst.) l.4o 1.60
H— Z7* — 4¢ 79.8 <900 (68% CL) O 120
Combined (13 TeV) 36.1-79.8 670 + 90 (stat.) *109 (syst.) 5.800 4.90
Combined (7, 8, 13 TeV) 4.5,20.3, 36.1-79.8 - 6.30c S.lo
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ttH SYSTEMATIC

UNCERATANTIES
Uncertainty source Aoig [oim Y]
ThGory, Wncertanies (MOARTRE) o 10
tt + heavy flavour 9.9
ttH 6.0
Non-tt H Higgs boson production 1.5
Other background processes 2.2
Experimental uncertainties 9.3
Fake leptons 5.2
Jets, ETS 4.9
Electrons, photons 3.2
Luminosity 3.0
T-leptons 2.5
Flavour tagging 1.8
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H—TT

> Three analyses channels: 7,7, ngprm,awol Thad Thad

> Background: Z — 1T dominant in all the channels, contributions from top
and vector bosons decays , as well as from misidentified leptonic or
hadvonic T decays depend on the channel considered

> Two categories: Voosted’ ggF (additional recoiling jet) and vBF

> Higgs is reconstructed from the visible decay products of T, and from MET

> Di-tau tnvariant mass dervived using the Missing Mass Caleulator, MMC

> Strategy: maximum Likelihood fit performed on data using distributions
of the di-tau mass in SRs simultaneously with event yields from CrRs
(included to constrain wormalization of major backgrounds estimated
from stmulation)
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y NEW PHYSICS: THE EFT APPROACH

» The SM caw be be supplemented by possible new physics effects
3 dime operators modifying the t- and b- quark couplings + point-like Hg coupling

Ci

L =Ly + O; + - New physics at the the scale A

2 ,
; A ArXlW:1612.0028=

with ¢; dimensionless coefficients anad O; operators of dime from the SM

> Multl-TeV scale can be:
= tested with sub-percent Level measurements

2 2
v TeV ,
50~ (X) ~6% (T) - 1% effect on coupling for A~2.5 Tev
= tested with high-p. measurements even if at Low precision

2
00~ (%) - 16% effect on coupling for A~2.5 Tev
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https://arxiv.org/pdf/1612.00283.pdf

HHSGH-D - FHGGS

> At high-p, Higgs we can probe modifications in top couplings

; do/dp+(H) [pb/GeV] arxw 1c122. 002_23. _____ -
10 - ggH@LHC 13 TeV NLL+NLO = —'sm 'i' AR |
p 9YITE R 9 IRE AR ¢=0.1kc;=0.075 |
Mp=125 GeV ——-- c.=05.c 042 H
00° L. e c=1. g=-0Co42 - !
:
1
101 i
1
8 : :
t, X? 102 | E
| 1
: 1
- == H 10-3 3 E
8 : : :
1 1
10% = i i i I I -+ 3 i
1.8 3 : ---- E :
ek -t |
12F ST | |
R e - ———————— : - !
08 E— ................. LT[ E |
0.6 E ..1....1....|....|,...|.,..1...E.| L1 E
50 100 150 200 250 3004:350 400 | !
] L -l
pr(H) [GeV]

9oF Hbb: powerful test
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https://arxiv.org/pdf/1612.00283.pdf

."’”’ HlgasS WIDTH: DIRECT STRATESIES

At and Dy (my and D¥™)

' oy From the Lifetime

i > Using the Higgs Lifetime we i
1 ’, 1
: c 3CIMS' o 19|.7fb"l(8Te\I/)+5l.1 fb'1l(7Te|V) Cawn Sct a dLYCOt LOWCY bOM.V\/d i
: = ¢ Observed i m —  _~ :
i g - [ ] SMsignal . > At = 24l (A'r't . pT) SEEN :
| 5 [ Cicnetooum | \ pT " :
| 2 ° Eewno : > <At >=1y =H/T :
! o g— . i H H
IHE== 1\ o
| 4 - Lifetime of each H candidate |
I i HIEFTL | |
i L [ 1 | ] = A7, Displacement between the i
I L T I production and decay vertices in |
i - _ fi{r'IL‘-L} JELLE the transverse plane i
' 0500 0 500 . I
| catm | Z Observables: i
| |
| |
| |
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ing the coupling analysis framework we can constraint I'y:

SM 1,2 ki Ta
— — “H " H
Fi — Fl . kl and SO FH ==
1-Bpsm
Id Id &
Two possible tnterpretations: 1
35.9fb™ (13 TeV
- _ o 10: T B A T x3ly ( 1 'e 2
Bgsy =0 oo CMs Bpsy > 0andlkyz| <1 |
L Preliminary 1
H - -
BBSM > O and |kW’Z| S 1 8; — Observed ]
78 - SM Expected =
Effective : E
Production Loops Interference scaling factor Resolved scaling factor E
o(ggH) v b—t 2 1.04 - k7 + 0.002 - 2 — 0.038 - Kex, ]
o(VBF) - - 0.73 - k3 +027 - x5 ]
o(WH) - - K2y .
o(qq/qg — ZH) - - K2 1
o(gg — ZH) v Z—t 2.46 - 1% + 047 - k7 — 1.94 - k 7Ky ]
o(ttH) - - K7 =
o(gb — WtH) - Wt 291 k2 + 240 - k3, — 422 - Ky 1
o(gb — tHq) - Wt 2.63 - k7 +3.58 - k5, — 521 - kyrewy ]
o(bbH) - - K2 3
Partial decay width b
4 _ _ K% ]
™ww _ _ K%/v ]
rm v W—t K2 1.59 - 3y +0.07 - k% — 0.67 - ke [ R
ree _ _ K% . . 2.5 3
bb _ — 2
- ~ i IT,

Total width for BRggy = 0

0.58 k% +0.22 - k%, + 0.08 - k2+

Ty v - K% + 0.06 - k2 +0.026 - k2 +0.029 - K2+
+0.0023 - x2 + 0.0015- k2, +
+ 0.00025 - xZ 4 0.00022 - x},
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https://cds.cern.ch/record/2308127/files/HIG-17-031-pas.pdf

HIGGS WIDTH:
OFF-SHELL STRATEGY

> Maxumum Likelihood fit to the Matrix-Element (ME) based
discriminant distribution (4L) and the transverse-mass,
m(Z.2Z), distribution (2l2v)

Off-shell signal strength constraints

> Combination of the 2l2v and 4L chanwnel fixing the
ratio of the signal strength tn ggF and VBF to the SM
ggF

y o K hell
prediction: ——r =1

Hoff—shell

Higgs boson total width constraints
> combination with the on-shell result assuming the same

ggF
on —shell __

" on-shell signal strength in VBF and ggF: LV EF
on—shell

|l
_

" on-shell and off-shell couq:Lngs
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» No absolute couplings
measurements at LHC

» For the observable
oc(AA—H)BR(H OBR)
the qua wt'ucg, measurable Ls
proportional to:

9> (HAA) 9> (HB®B) /T,

The Higgs bosown total width
must be knowwn to have absolute
magwituoes of the couplings!

13/09/2018

" CROSS-SECTIONS IN RUN 2

ATLAS Preliminary Observed +1o =
Stat. uncertainty
Vs=13TeV, 36.1 -79.8fb™ Syst. uncertainty mmm
my; =125.09 GeV, ly | <2.5 SM prediction
Yy =
zz =
ggF ww i
T I —
comb.| l-l --------------------------------------
Yy p———
zz
VBF ww p——q
T —
comb. I-—-I ----------------------------------
Yy —
V4
VH bb ——
comp.| l-—-l ..................................
Yy ————
vv I —
ttH+tH =
bb ————
comb.| I-—H ----------------------------------

-1-050 05 1 15 2 25 3 35 4

o x B normalized to SM value
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.- H'/C}C}S PH’)/SIOS AT ILC
> At ILC the total Higgs production cross section could be

measureo mp measurement of I,
> Depending on Vs different production modes

400 prrrrrrer e P '
[ SNSRI I D :I'he Higgs strahlung production

= —zh : LS maximum at 250 eV
=300} — WW fusion - 4’
= bt I D ;zooo’{p "l 20 years of data
2 acquisttion (H20 program):
O ,
0200 " ZH mp ~500 K Higgs
§ ______ " WwWw-fusiton mp ~15 K Higgs
=100
@) .

‘|
ZH cross section measurable at 1.0% i
From the HZ sample, measurement i
|
1
1
1
1

0
200 250 300 350 400 450 500

tWGeV
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HZ COUPLING AT ILC

> Unigue oppor’cuwitg for a moch—iwdepewdewt measurement
of the HZ coupling from the recoil mass distribution in

ete” - ZH
()] N -1 Tt
-+—
C B —e— Data
() B i
Lﬁ 400 — Signal+Background —|
Y A Al Signal
300 - - Background N
E e'+e - ' + X @ 250 GeV ]
200 -
100 Bl 0 0 L
i el X T T R

O NSO U A
110 120

130 140 150
Recoil Mass (GeV/c?)

Mzec — (\/E — Eu)z—lﬁlz

> Higgs events are tagged
with the Z bosown
decays, independently
of the Higgs decay mode

> From the HZ sample,
measurement of gy 77

| o(ete” > ZH) X g&,, |
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> “From the ratio of the Higgs-strahlung and Ww-fusion cross sections for
the same exclusive Higgs boson final-state H — X X:

(&
A 2 2
M 9uzz ° 9Hxx
e 7z l_‘H

—_— » g%—IWW

e V 2 . 2
\Wf v doww * 9uxx
"""""" H FH

2 2
Measuring a(ete™ - ZH)XBR(H » WW*) 9hzz 9aww

¥ i
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https://arxiv.org/pdf/1710.07621.pdf

COUPLINGS PRECISION IN FUTURE

ATLAS Simulation Preliminary
/s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb"

H-yy (comb) & |

H— ZZ (comb) & | """ 7
H— WW (comb.) -
H—>Zy  (incl) — """" 7
H—tt (VBF-like) ‘§ B R -
Hopp  (comb) r """" -

0 02 04
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