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Introduction

Higgs decay to lepton and second b Higgs BR (mn=125.38 GeV)
fermion generation

e Higgs to 7z

* Higgs to ppu
* Higgs to cc
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The fermionic sector

* The fermionic sector is characterised by

Yukawa couplings to the Higgs boson
e Proportional to the fermion mass!

 New physics may modify the fermionic sector

differently from the boson one.

* Precision mapping of the couplings is key @
to understand the nature of the Higgs boson

 Asymmetries in the leptonic vs the quark sector

* Asymmetries across the fermionic generations

Higgs boson

Exploring the couplings to the leptons (taus, muons) and to the second fermion generation

(muons, charms)
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H%T T — ATLAS PRD 99 (2019) 072001

e Challenges: 5 VBF o5, boosted

_ _ o _ Z I CR Z 5511 CR ATLAS Talk from Andrew
* Trigger and identification . ¥5=13TeV, 36,110

H— 77 [ Top

B Z — 7z I Other backgrounds
[ 1Z—1I [ Misidentified 7

Analyzed all final states in had and z'et i iy VBF oy i bOOSIE iy Taa VBF TopTragboOSted | 7,5, VBF

top CR top CR : top CR top CR

G
&

high-pT” SR

e Targeting STXS Stage 0

TiepTiep VBF Tiep Tiep, POOSEEd E TiepThad VBF TiepThad POOStEd E ToadThag YBF TadThag DOOStEd
tight SR high-p* SR ' tight SR high-pZ* SR ' tight SR high-pZ* SR

N

\4

&

.V

* Dominant background: . .
L4 M iS i d e nt i fi ed ta u S a n d DY — T TiepTiep VBF TiepTiep DOOStEd E TiepThag YBF TiepThag DOOStEd E ThadThaa VBF ThagThag POOSTE
loose SR low-p** SR : loose SR low-p** SR . loose SR low-p** SR
» DY estimated from MC simulation ‘? ‘7 i ”
misided taus from fake factors > 7 i
* Events categorized to target the '
diff i ducti d Analysis Analysis pt requirement [GeV]
ifierent proauction moaes channel Trigger 2015 2016
TiepTlep &  Single electron 25 27
DY MC validated in dedicated regions TiepThag  SINEIE MUON 21 27
TiepTlep Dielectron 15/15 18/18
Dimuon 19/10 24/10
Electron+muon 18/15 18/15
ThadThad  D1-Thad.vis 40/30 40/30
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https://link.aps.org/doi/10.1103/PhysRevD.99.072001
https://indico.cern.ch/event/900384/contributions/4059211/

H—1tr — ATLAS
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ATLAS Vs=13TeV, 36.1fb""
—total —stat. —SM exp.
total (stat., syst.)
Boosted —_— +1.54 +0.79 +1.32
4.02 -1.33 (—0.78 ’ 1.07 )
VBF +1.61 +0.90 +1.34
== 3.34 ., (4)'85 ' 410 )
Combination @i 3,77 *106 (+O.60 +O.87)
. —0.95 059 ’ —0.74
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14 16 18 20
O-H—wz' [pb

PRD 99 (2019) 072001

(b)

Results compatible with the SM expectations

e Two ptH bins provided (60-120-~ GeV) o)
 STXS Stage 0 not limited by stat. u §
>bI

Process Particle-level selection o [pb] oM [pb]
ggF Nies > 1, 60 < pff <120 GeV, |yy| <2.5 1.79 £ 0.53(stat) + 0.74(syst) 0.40 + 0.05
ggF Nigw 2 1, p > 120 GeV, |yy| < 2.5 0.12 + 0.05(stat) £ 0.05(syst) 0.14 +0.03
VBF Iyl <2.5 0.25 + 0.08(stat) £ 0.08(syst) 0.22 £0.01
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https://link.aps.org/doi/10.1103/PhysRevD.99.072001
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CMS-PAS-HIG-19-010 i | (cEn)

a NL S

e Cut based analysis targeting STXS prodtiction CMS Preliminary 13710 (13 Tev)
« STXS Stage 1.2 4-0bs. [ |t bkg. [llZ— ee/uu [Tt + jets

| |= mis-ID[]Others  Unc. . H—tt (u = 0.85)

* In ¢zh channels requirement on mr<50 GeV  ((=e,p)

> F
O 6001 10f -
* In the ep channel requirement on D¢ > -30 GeV @ I | o
iy s . 2] L - |
* Sensitivity to ggH high prt and to VBF topology £ i
5 400__ A 2 _
3 | : ek
_'05;300:_ _%o 100 150 200 250 _
= + ]
200 -
@ =;g :
e 100: e - -
Channel Trigger requirement Minimal lepton selection N — i
pr (GeV) n Isolation ‘....!,,,,!,...I....I%.
T Th T4,[35] & 7,,[35] (2016) p > 40 |#™n| < 2.1 DNN 7, ID %0 100 150 200 250
7., [40] & 7,,[40] (2017, 2018) m.. (GeV)
utTy, 1[22] (2016) ph > 20 | <21 I* <015
1[19] & 7, [21] (2016) pr > 30 ™| <23 DNN T, ID
1[24] (2017, 2018) \/ s
1[20] & T,[27] (2017, 2018) my = V2pLpRis[l — cos(Ad)]
ety e[25] (2016) pT > 25 ne| <21 I® <0.15
e[27] (2017) pr" > 30 [n™| < 2.3 DNN 7, ID . vis
e[32] (2018) > " C = pr — 0.85 Pr
e[24] & 1,,[30] (2017, 2018) _
e e[12] & (23] (all years) min(py, ph) > 15 [°| <24 I°<0.15 pe: pr™iss bisector of the leps
e[23] & 18] (all years) max(p}, pr) >24 gt <24 1" <0.15

pcVis: XpTler on the bisector
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/

%

H—1t — CMS

<2 [Cus

@iy@ CMS-PAS-HIG-19-010 -
@@ S =V
« Categories constructed targeting STXS Stage 0
« In each category 2D fit, m,, and an observable
discriminating the Stage 1.2 process.
Final state Category Selection Observables
O-jet 0jet Mer, Ty P (€T)
mer (€H)
VBF low p > 2jets, my > 350GeV, py < 200GeV 1., m;
{Th €l VBFhighpy > 2jets, my > 350GeV, p§ >200GeV 1, my
Boosted 1 jet 1jet Mrr, Pr
Boosted > 2jets Not in VBE, > 2 jets Mee, Pr
O-jet 0 jet Mzt
VBF low p} > 2jets, Ary;; > 2.5(2.0 for 2016), Mg, M5
T Th 100 < py < 200GeV
VBFhighpy > 2jets, Ayy;; > 2.5(2.0 for 2016), Mer, M
py > 200GeV
Boosted 1 jet 1jet My, P?
Boosted > 2jets Notin VBE > 2 jets M, P?
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/

H—1t — CMS

Xy,

CMS-PAS-HIG-19-010
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Deep Tau ID:
e Deploying DNN for z-ID

* |Increase background rejection

Tau embedding:
e for precise estimate of the Z

MS Simulation Preliminary

T, T,

137 b (13 TeV)

ggH-0j/pT[0-10]

- ggH-1j/pT[60-120]
- ggH-2j/pT[60-120]

ggH-2j/mJJ>700

- ggH/pT[450-650]
qqH-1j

- gqqH-2j/mJJ[120-350]
- qgqH-2j/pT>200

ggH-0j/pT[10-200]

- ggH-1j/pT[120-200]
- ggH-2j/pT[120-200]

ggH/pT[200-300]

- ggH/pT>650

qqH-2j/mJJ[0-60]

- qqH-2j/mJJ[350-700]

ggH-1j/pT[0-60]

ggH-2j/pT[0-60]

- ggH-2j/mJJ[350-700]

ggH/pT[300-450]

qqH-0j

- qqH-2j/mJJ[60-120]

qgH-2j/mJJd>700

Exp.
events:

baCkg round > VBF/pTH>200 65.8
Background from jet—zn from fake S veFmusTo| 29.7
@  VBF/mJJ[350-700] | 34.6
rate method < VBF/mJJ[0-350] | 23.7
100 CMS Simulation Preliminary 2017 (13 TeV) O boosted-2/pT>300 2513
4 MVA vs. jets (JINST 13 (2018) P10005) 8 boosted-2/pT[250-300] 239
_ e 'I‘D";’:p‘T“apudj;e?essecay modes) "3 boosted-2/pT[200-250] 39.8
g 3 5 boosted-2/pT[120-200] \ 104.7
81971 pr<100Gev e %) boosted-2/pT[60-120] 125.0
2 ’ C  boosted-2/pT[0-60] 69.5
E il 8 boosted-1/pT>300 12.0
5 10724 O boosted-1/pT[250-300] 10.7
2 boosted-1/pT[200-250] 22.1
boosted-1/pT[120-200] 90.9
510731 boosted-1/pT[60-120] 204 1
% N boosted-1/pT[0-60] 238.1
% i l e e e e e RO RO . oL | . R N N N R S 785.8
= 0.4 0.5 0.6 0.7 0.8 0.9 O 02 04 06 08 1

Tau ID efficiency
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/

H—1t — CMS

based merging
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* Results presented in topology based arie

CMS-PAS-HIG-19-010
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CMS Preliminary  Topology-based

Stage O Q'/f quH non-VBF topo
2016 2017 2018 eu ety nTy, T,T,  Combined \7Z=
I R e A s A RN
+0.39 +0.35 +0.33 +0.91 +0.53 +0.27 +0.44 +0.20 -
i DO (nl 0368 o 1anD osnd 0piB  ogril
Paqu 15470347 051754 0367059 —0.177g95 14175, 089753 0.097,3  0.6775%

Stage 1.2

137 b (13 TeV)

CMS Preliminary

£ o 060 | 3060757 | Observed M 1o (stat) — =10 [ ] Uncertainty in SM prediction .
C 870 552 : : : : : : : : : : : E
% [ ; - ; L 9pa’® : Process-based : : : ]
L : : 2 : :
: 1010%2%4 : 3747552
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ggH-0j/pT<200

ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
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ggH/pT>300

ggH-2/pT<200

qgH non-VBF topo
qqH-2j/mJJ[350-700]
qqH-2j/mJJ>700
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%
2 MmJJ>7OO
%
quH-Zj/pT>200

MggH-2j/mJJ<350

MggH/pT[QOO-SOO]

Mgg H/pT>300

MggH-Oj/pT<200

MggH-1j/pT[O-60]
u

ggH-1j/pT[60-120]

MggH-1j/pT[1 20-200]

137 b (13 TeV)

* Obs.

—+1o

th.

+3.22 +1.63
0'16—3.91 -1.86

+0.54 +0.10
'0-04-0.56 -0.10

+0.15

0.49
0.65'55 ‘016

*-0.38
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O_64+1 .31

L g
%
i’
-
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-

+0.51

0.88
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0 03+ -0.04
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1

1

1

1

-

1

1

1

1

1

1

1

1
-1.33 -0.45

1

1

+0.83

: +1.25
. 3.86 -0.61

-1.21

+0.94

+10 stat.

stat.

+1.91
-1.92

+0.48
-0.48

+0.30
-0.29

+0.38
-0.36

+0.58
-0.58

+0.58
-0.58

+0.75
-0.74

+0.17
-0.17

+0.72
-0.71

+0.74
-0.74

+0.77

syst. bbb

+1.00
-1.88

+0.14
-0.15

+0.18
-0.09

+0.11
-0.08

+0.27
-0.31

+0.25
-0.29

+0.29
-0.30

+0.37
-0.37

+0.87
-0.84

+0.38
-0.51

+0.75

+1.74
-2.13

+0.23
-0.24

+0.31
-0.18

+0.18
-0.18

+0.33
-0.51

+0.33
-0.36

+1.00
-0.61

+0.19
-0.29

+0.61
-0.59

+0.43
-0.52

+0.75

i..-_. 2.06+1.61

-0.94 -0.23 -0.76 -0.28 -0.41

0 5 10 15 20 25
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H—cc — ATLAS PRL 120 (2018) 211802

BR (H — cc) 2.9% 43

SV 11V

* Analysis using 2016 dataset T 17105
_ % 10°L ATLAS Simulation a
e Targeting ZH — & cc (¢=e,p) @éf = (s=13TeV, ff T oomaenoy s 34045
« 4 categories (c-tagging & pt?) C/) "§ 1o ettcency we| 0.4
. : - i O
Main backg.round from Z+jets production 2 108 0.35 QC>,~
e Charm tagging: 2, o
» Training 2 BDT to discriminate vs light and 03 &
b jets E 0.25 8,
S : - ©
10* ATLAS - Pre-fit = 0.2
= Vs=13TeV, 36.1fb" — Fit Result =
- 2 c-tags, pZ =150 GeV Eﬁﬂets . 0.15
> = E 10 |
0] - -ZH(b_B) . . L N 0.1
o — ZH(cT) (100xSM) .
2 2 i 3 4567810 20 30
= E b-jet rejection
" 10 =
ATLAS
1
+80
5 e HVH(H—cc) < 110(15075))
o 10
= 0.8
O 06E L 11 ., | B

60 80 100 120 140 160 180 200
m . [GeV]
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H—cc— CMS

JHEP 03 (2020) 131

e Using VH production mode (CMS)

V=W, Z and leptonic (¢=e,p) or invisible decays (V)

Analysis of the 2016 datasets

Andrea Carlo Marini

Higgs to charm reconstructed both in the

boosted and resolved regime

Using deep neural network to gauge rejection vs light quarks and b jets.. !
Major backgrounds are the corresponding V+jets productions

Charm tagging: using deep-csv, a multiclass discriminator for jets

Events

200
180
160
140
120
100
80
60
40

359 fb" (13 TeV)
S A A AL L  ENLL L B B I
C M S —4— Observed [l VH(H—bb)
[ ]VZ(Z—cc) ] VV(other)
Merged-jet Il Single Top [t
oL [ ] W+jets [ ] Z+jets
High purity B VH(H—cc), p=21 —— VH(H—cc) x 100

3855 S+B Uncertainty

I|III|III|I g&lllllllllllllllllllll
I|III|II|III II|III|III|III|III|III|

% T ol e T :
_rpii—rmf_:_
%{g@@@ XWWWW <

60 80 100 120 140 160 180 200

Higgs candidate mass [GeV]

oL
Exp.=79xSM
Obs.=83xSM

1L
Exp.=72xSM
Obs.=110xSM

2L
Exp.=57xSM
Obs.=93xSM

Combination
Exp.=37xSM
Obs.=70xSM
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CMS

, CMS simulation
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| DeepCSV
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35.9 b7 (13 TeV)

pp— VH(H— c0)

- Observed

----- Median expected
I 68% expected
[ ] 95% expected

L | L L L

50

100

150
95% CL upper limit on Mo
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100
b jet efficiency
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H — Jp y — CMS

» Sensitivity to the coupling of the charm through a loop contribution

EPJ C79 (2019) 94

« Many contributions to the loop (W, q)

« Non resonant (myy,) background estimated with an analytical function
* Resonant background reduced with invariant mass window (myy)

requirements

b CMS cw

§> \

=n & >~
Y

H—JAyy—uuy 2016 35.9 fb' (13TeV)
3 CMS + Data i
= H—J/yy sighalx750 -
""" ' H—y*y backgroundx150 Z—>Jlhyy—uuy 2016 35.9 fb™' (13TeV)
= Reeaad — >30_'"'I""I""I""I""I""I""I""I""I""_
8 - CMS EB high R category
- + ] N o5 :_ ¢ Data E
; i Expected signalx50
N + ] c i Non-resonant background model
+ + + + CI>J 20 - - Expected resonant backgroundx5
_ ] LL .
't H :
a ; ++ ] - o
0 f".*-.'+':--.--I--T""".--I-- I++§+L ] 10 |
3 3.05 3.1 3.15 3.2 A
. . o m,, (GeV) 5 _
95%CL Branching fraction limit ;
'/, 0 bt
H— Iy Longitudinal 1.2 (1.455%) x 1076 CMS 70 75 80 85 90 95 100 105 110 115 120
Transverse 7.6 (S.Zf%:g) x 1074 m,. (GeV)
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H — J/p 7, Ps) y — ATLAS

5 [CMs g Cﬁw
zWN

» Sensitivity to the coupling of the charm through a loop contribution PLB 786 (2018) 134

« Also Yy presented (sensitivity to the bottom coupling)

* Kinematic requirements are applied in order to
enhance the signal contribution
 Non parametric background model derived from
Control regions and validated in dedicated regions
e 2D fit in myu, and myy,

Branching fraction limit (95% CL) Expected Observed
B(H— J/yy)[1074] 3.010% 3.5
B(H— ¥ (2S) y)[107%] 15.67,7 19.8
ATLAS
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' ~ —4 £ = ATLAS . 3
Tiny BR (H= pp) ~ 2.2 x 10 5 10°E Vs=13TeV, 1390 fb" Sf;f =
108; I Diboson b
. : = Il Top =
large SM irreducible DY — pp background O e — Hopu x100
. . = S e Syst. uncert. 3
— S/B ~ 0.1% for inclusive events at 125 GeV i ?;
Improvements to increase sensitivity: 108 2
o wrt 36fb-1 ATLAS result (25%) /‘\5’/4 0 s
 Targeting all production modes % 10° :
* Improved MVA categorisation to select 5 L ih a
Q .
events at high S/B, e.g. from VBF ? L fomesmmntteegsesonasensetsessnuttesta it e e
. ES' 09 —_ _
- o I R IR BRI R BRI B S
* y-FSR recovery to improve o(my) 80 90 100 110 120 130 140 150 160
* Improved rejection of jets from pileup m,, [GeV]
> 4010 L L L L L AL ]
° I o - ATLAS -¢-Data -
Background modelling S 60 (5o 13TV, 139" ot
£ 500f8  H — uw, In(1 + S/B) weighted :ng”.agdﬂdf =
Signal extraction from my,, fit G 4001 E
£ 800E- E
Background parametrisation: 100 =
* inclusive "core" pdf + per-category s .f -
* empirical function P
I
a

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
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% b
Y, . 2 |CMS
H—nup — ATLAS ~g axiv2007.07830 i W
2, P ~7_
D zn
[ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ | [ [ [ [ | [ [ [ [
* Reported results at Run | mass ATLAS (5=13TeV. 139 b H >
measurement, my = 125.09 GeV FeiTotal | IStat MSyst | SM Total Stat. Syst.
» Best fit strength
O'B b VH and ttH categories } —eo— | 50 £35 ( £33, £1.1)
ODS
H = =1.2+0.6 | |
O-BSM ggF O-jet categories —@— 04 =16 ( 1.5, +0.3)
Reported observed (expected) significance| 9" ¢! categories = 24 =12 (=12, 203)
2 OO' (1 70-> ggF 2-jet categories | —o—| 06 +12 ( =1.2, =0.3)
g>|: _II”,IqTLlAé iDIrlellilrlrlminalryl o . VBF categories —— 1.8 £1.0 ( +1.0, £0.2)
£ TE {s=13Tev,245-139 b 7 &3 .02
© - m,=125.09GeV, ly | <25, p, =84% 0’ 3 > Combined I-IE-I 12 06 (206, _51)
Elz 10_1;_ ---------- SM Higgs boson oW —; _I T R T N R S N R N S SN SRR R A N T S T T N S N B
- 3 C% -10 -5 0 5 10 15 20
o2k ot - S Signal strength
- 110 ATLAS —Observed
10° g = _|Z.| /s = 13 TeV, 36-139 fb! Eigggigi;‘;
- M,(m,,) used for quarks [{) * SM
ne 1o ee i
e e BN =
2 1af | ER up x|
5 ,oF 1R en :1
MLL ' B ® i \l H
e H ------------------------- %3 o L
0.8:—“,,,' L e e _: H Ly Lo . I. E......
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Anarea cario Marini
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https://arxiv.org/abs/2007.07830
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/

&y |
H%}l}l — CMS % arXiv 2009.04363

137 fb (13 TeV)

e Target analysis strategy per production mode S e
® 800 .
e All production modes considered S CMS ¢ Data ]
o 700 All categories — S+B (u=1.19) .
¢ ggH, VBI:, ttH, VH GC) F S/(S+B) weighted ... Bkg. component ]
. : . 2 °°KR m,=12538 Gev _:
 y-FSR and in situ Z calibration - S Bl -0 :
2 S00F [ J=20 E
 VBF background prediction from MC simulation S 400 :
« DNN discriminator with mass as feature zsoof-
* ggH, ttH, VH analytical fit to the invariant mass &b 200F
* Isolate signal with BDT/DNN and categorisation * 100f :
137fb-1(13TeV) 137fb-1(13TeV) :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:
i L L L L L L L L L B 7 ET T T T T R FT T T T T T T T T T T [T T T T [ T T T T [ T T T T [ T T T T TTTT3
S1°p cms ;?ata ) EE.YEW g 1°F CMS ¢pata  WH-we {1 f l} {. | ! ! | | S
& pos BEE B0 o maen Eov :
S i !gog?_l EI\?I;hF bkg 106;_ VBF-SR Run2 [ Top quark [ Diboson _ ]
"UE).los — Other sig. 105:.mH=125.38GeV — VBF —ggH -; o v b b b b b b 03
2 ; || : i 10 115 120 125 130 135 140 145 150
19 m,, (GeV)
10*
10°
102
10
1
107"
06 0.8_(;6_0.4(;2(.)0420.40460.8 SE | e — |
ggH BDT output 0 . N ° 8 VE:Ig DNl\]zbin
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H—pp — CMS

VBF-cat.

ggH-cat.

ttH-cat.

VH-cat.

* Resulted reported at the best mass S
Q]
measurement my=125.38 GeV a
©
e Strength 1.19 +0.44 45 goE E
« Evidence for H—>pp 3.00 (2.50) S R SO 12
« Coupling measurement of E E
« With the inputs from EPJ C79 (2019) 412 - NS Y 1.,
1 10 E_ E— Observéd _E
- | —— 1|37| flb . (.IIBI T|e\./) E cms . Expectéd m, = 125.38 GeV E
CMS Combined i = 1197 107 g i i i e i i e im0
- —— Combined best fit u m,, (GeV)
u =136 - === SM expectation S —— 359137157 (13 Tev)
i I 68% CL | € [ CMS
+0.65 [Jes%CL cﬁ 1217 m, =125.38 GeV ]
u=063_ -, my, = 125.38 GeV 103_ K, = 1.07*022 at 68% CL B
u = 232:29257 ]
w=5.48" =
1 L | I T - _...I...I...I...I.....‘J/I‘(..I...I...I..._
-4 ) 4 6 8 % 02 04 06 08 1 12 14 16 18 2
Best-fit u Coupling strength x,,
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Summary
« CMS and ATLAS have been updating the
analyses to the full run 2 luminosity E>|> 1
Z
Hor s
. STXS stage 1.2 by CMS (137 fb-1) 107
 ATLAS 36 fb-1results Stage 0 -
« Stage 0 not dominated by stat. 102k
Hcc (36 fb1)
» searched in VH associated production 107
e« 66 <70 (37) SM CMS
« 66< 110 (150) SM ATLAS 107
= 1.5¢
Hpp full Run 2 analyses: 42
o ATLAS 2.06 (1.70), §

« CMS Evidence for H—>ppu 3.00 (2.50)
» Best fit strength: y = 1.2 for both
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The CMS Detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m

Overalllength  :28.7m
Magnetic field :3.8T

Pixel (100x150 pm) ~1m? ~66M channels
Microstrips (80x180 ym) ~200m?* ~9.6M channels

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
= 34 Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

.

PRESHOWER
Silicon strips ~16m? ~137,000 channels

[/

4 7 !"
/) / s, : ]
R / I 1/ | % / = e NS
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FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

\
.
/‘ N
CRYSTAL \
ELECTROMAGNETIC )
CALORIMETER (ECAL)

~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA

Brass + Plastic scintillator ~7,000 channels
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The ATLAS detector

SV 11V

-

25m \

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiafion tracker

Semiconductor fracker
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STXS

* A compromize between theory and experiments

Stage 1.2 _ -+ bbH = VBF+V(—qq)H
| [ [ |
pH [0, 200] pH 200, o] = O-jet || = 1-jet > 2-jet
[ Py [
[ [ I 200 I |
= 0-jet = 1-jet > 2-jet m;; [0, 350] M [350, OO]
I 300 m;j : I |
0 r
L [0 350] mjj [350 00] 450 : pH [0, 200] pH (200, o]

Pr m;; 60 : mjj
0 350 650 350
120 , B
60 00 ' 700
0.15 350 L
120 1000 pgj/pg 0 25p¥jjoo 1000
1500 1500
200
0 oo HJ]

Hiq o0
pr”’ o 25 00
[ py
qf - WH qq — ZH gg — ZH 0
Py
0 60
250 300
400 450
O O

O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet
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H—1t — CMS

e Merging criteria in STXS Stage 1.2

SV 11V

Stage 1.2
ggH 200 < p;" <300 GeV
ggH 0 jet p7 [0,200] ggH > 1 jet
Sttt = Dy o e W A ——
L[ = ot = 1jet eeh lowm. | > 27| Mediumm,
Fo

my; [350, OO]

=
S

&

e
-

gegH 1 jet low p;

o
V)
-O--------
i

[ N 2§ §F 7
(@)
e

ggH 1 jet med. p;

o
=)
=

gegH 1 jet high p;
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H—1t — CMS

e Merging criteria in STXS Stage 1.2

Stage 1.2 _ = VBF+V (—qq)H

> 2-jet

qqH low m;
Medium mijj

Sy e
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The Higgs boson mass

Precise measurement of the Higgs boson mass using the diphoton and ZZ (4-leptons)
decay channels

my = 125.38 + 0.14 GeV

CMS
Run 1: 5.1 b (7 TeV) + 19.7 tb™ (8 TeV) —— Total Stat. Only p
2016: 35.9 fb™ (13 TeV) w
Total (Stat. Only) *
Run 1 H—yy — 124.70 = 0.34 ( = 0.31) GeV %
N
Run 1 H— ZZ— 4 —_— 125.59 + 0.46 ( = 0.42) GeV | ©
%
Run 1 Combined —_— 125.07 = 0.28 ( = 0.26) GeV g
o
2016 H—yy — 125.78 + 0.26 ( = 0.18) GeV
2016 H— ZZ— 4l —— 125.26 = 0.21 ( = 0.19) GeV
2016 Combined ———t 125.46 = 0.16 ( = 0.13) GeV
Run 1 + 2016 -i- 125.38 + 0.14 ( = 0.11) GeV
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

122 123 124 125 126 127 128 129
m,, (GeV)
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Higgs production

» Different production mode of the Higgs boson

=74 81pb ==m

: bbH
Rt ttH +tH

0.88;pb
1%36]pb - ZH
Ly
3'8]pb)
VBF

Vector-boson fusion Gluon-gluon fusion VH associate T°|_3 quark pair_
VBF ggH production associate production
VH ttH

p P
g
--- H
g
p P
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Hpp 1invariant mass

 Invariant mass of the Hup peak in MC simulation

(13 TeV)
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Core PDF — Hyup CMS

* The background function is designed to minimise possible
mismodels due to the choice of the analytical form
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Core PDF

Hpp CMS

* The background function is designed to minimise possible
mismodels due to the choice of the analytical form
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