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Consequences of Brout-tnglert-Higgs Mechanism
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- Higgs boson with mass: my = \/ﬁ
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- W mass and interaction:
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mw = direct connection

| ——p

- Fermion masses and Yukawa interactions:

B AfU direct connection
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Run 2 Mass Measurement =
-
—
* Not predicted by SM theory = once measured byexper|ment everything else Is determinea EE
EMS7 From H = ZZ* — 44 (£=e,p) -romH = ZZ* =& 4 + H > vy
;/— | = B 1 1 s L
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Run 2 Mass Measurement
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Differential Measurements
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-028/index.html
https://arxiv.org/abs/1805.10197
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Extracting Ligsht-Quark Couplings from pr(H)

* Idea (PRL 118, [21801,2017):
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Production and Decay Modes :
=
__E_
""" . Observed +16 —— 2
ATLAS Prellmlnary S o :E
. . uncertainty
gluon fUSIon Syst. uncertainty
?:TC_C_C—C'—C@_ :’? t - SM prediction
g H Y
g - zzZ
g ¢ ggk |ww
/ﬁ'xxxKHNKN \ (X3 ]
VIUUVUVA comb. = Vector boson fusion (VBF)
vy | — " " q
zz —— i =P
VBF |ww = Wyl > A
TT e o q W,Z.- N
[[---mmm e e .
associated prod. with W/Z AN ;‘;mb' — g
! N VH “ H =
W L e
icomb. H=—
q / Yy r—EE—-||
VvV :| ; =
ttH+tH|7* e —
ob-y ] H—
, comby k==
\ See backup| —— — —-1-050 05 1 15 2 25 3 35 4
P Deca), modesﬁ 6 - B norm. to SM prediction
Karsten Koneke | 10/22




@ '" u\v

\a

).‘
8 )
‘ &Y
) [
. 3
Y Y
1 . >

= .

EXPERIMENT |§

Production and Decay Modes

FREIBURG

| ATLAS-CONF-2018-03 | s mum s s s
2
: : -
Production Cross-Sections
(assume SM decay BRs)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/
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Model and fit framework:

e Once Higgs boson mass Is known, all other Higgs-boson parameters are fixed in the SM
e [0 allow for measurement deviations from SM rates, introduce coupling scale factors:

(0 -BF) (i —» H — j)

Assumption:
e Only one SM Higgs-like state at ~ 125 GeV with negligible width LHC Higgs XSWG (anxivi  307.1347)

Karsten Koneke 13/22



http://arxiv.org/abs/1307.1347

Mass ~ Coupling Strength!?

Assume: SM Higgs only cou

- express effective couplings to p
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notons, gluons, and Higgs width only via SM couplings; no BSM contribution in decays

o -1
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html

Mass ~ Coupling Strength!?

Assume: SM Higgs only couples to SM particles (no new physics)
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- express effective couplings to photons, gluons, and Higgs width only via SM couplings; no BSM contribution in decays
_— . 35.9 fb' (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html

Invisible Decays of the Higgs Boson

o Use effective coupling modifiers to gluons (Kg) and photons (ky)

e Assume

e |nclude @

Kz| < | and [kw| < |

irect searches for invisible decays (CMS)

= 0.5
© i

BI:{und

0.4=-.

0.3

CMS Preliminary 35.9 fb' (13 TeV)
] I I I | I I I I I I I | I | I I
68% CL = = =95% CL
RN g Best fit * SM expected i

CMS
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html

L oop-induced Couplmgs
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(ATLAS CONF 20I8 03 ﬂ

........

ATLAS Prellmlnary o Best flt

* |In SM, ggF and H — yy are loop-inducec 3k ATLAS Profminary oostiil - —
, , L E m, =125.09GeV, ly | <25 ----95% CL :
- New Particles could contribute inside loop  2f- ’ -
= lest effective coupling modifiers to g1 & ) -
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Y Y 1= \-
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/
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ATLAS! 10\8:

EXPERIMENT ¥y

e Requires no assumption on total width of Higgs boson; assume all parameters >0

e New ttH result:

Ratios of Coupling Moditfiers

UNI

| ATLAS-CONF-2018-031 |
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= lest compatiblility between direct ttH coupling (i) ?TLAS Preliminary . lointerval  e——
and coupling Inside ggl loop, i.e., effective coupling nfif’;i;g éz'\l -ng|'8<f§.5 2 G interval
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

e Scale all fermion
all bosonic coup
boson by same moc

- Good ag

Coupling to Fermions and Bosons

iNndividua

CMS '

Karsten Koneke
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

* Evolution of Run | coupling framework

- Measure cross sections, instead of signal strengths

e Allows for combination across all decay

modes

Stage-0 categories:
separated into production modes

(H + leptonic V')
VH

(EW qqH)
VBF

ggF

(Run1i-like)

!

VBF

P>

qq > WH

>

!

H-4+ had. V

| arxiv:1610.07922 |
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SImplified lemplate Cross Sections (S 1X5) §

| Stage-0 analysis:
| Combination of main channels

CMS Preliminary

35.9 fb™' (13 TeV)

= gg—H

'
H+V(qa)

i

H+W(lv)

_ Stage 0 Simplified Template Cross Sections
E |yH| <25

, H+Z(ll/vv) , E

e Observed _
mmm 10 (Stat.®sys.) -
—— 120 (stat.®sys.) A
m— 115 (SYS.) ]

SM prediction

ttH+tH

bb
* WW

| CMS-PAS-HIG-
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https://arxiv.org/abs/1610.07922
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html

SImplified lemplate Cross Sections (S1XS5)

Stage-| ggF categories:
exclusive phase spaces

!

| arxiv:1610.07922 |
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> 2-jet

VBF cuts
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e

>

el H — vy anc

gg—H (0-jet)

gg—H (1-jet, p’;’ < 60 GeV)
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(1-jet, 60 < p‘;’ <120 GeV)

gg—H
(1-jet, 120 < p” < 200 GeV)

gg—H (> 2-jet, p < 200 GeV

or VBF-like)

gg—H (> 1-jet, p” > 200 GeV)

+ qq—Hqq (p’ >'200 GeV)
qq—Hqq (p’T < 200 GeV)

gg/qq —HIl/HIv

gg/qq —ttH

U
o4
—
=
LLJ
(04
LL

H — Z7* = 44

ATLAS Preliminary
Vs=13TeV, 36.1 fb"

| |
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[ ¢ : B /B,
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‘ |
h_|_._| Ll FI Syst. uncertainty
l £ -
! ' SM prediction l
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ATLAS-CONF-20
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-047/
https://arxiv.org/abs/1610.07922

E

e Extend SM with new Operators:
a— LSM + Z C§6)0§6)/A2
l

- Assumes no new particles below A=1 TeV

* Use Stage-1 STXS yy+4f combination:

cffective Field [ heory Interpretation

alefe

Hyy, HZZ
Hitt
HWW, HZZ
HZ/

HWW, HZZ

UNI

| ATL-PHYS-PUB-2017-018 |
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Observed HEL constraints with H— ZZ* and H — vyy

| b |
.+ ATLAS Preliminary

 1s=13TeV,36.1 b

CA[107] _ .
- . 68%CL
. intervals

cHB[107] :

| i |

cG[10"]

Ccu

cHW[10]

cWW-cB[10"]

-2 0 2

Parameter value
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-018/

Summary & Outlook

VWhat we know about the Higgs boson
* 2%o precision on my measurements
* All measured properties consistent with SM expectations

* Many more /s = 13 TeV results could not be discussed here

Significant advances in theory, crucial for interpretatio

* e.g, Improvement in ggl cross-section calculation (N3LO QC

-ntering new era of interpretation of precise results

N O]

D): t

- measureme

Nts

neory uncertain

* with ~10 million produced Higgs bosons in 150 fb-! during Run 2

e Differential cross sections

* Simplified Template Cross Sections
* Effective Field Theories

And even ~20 million produced Higgs bosons in 300 tb-! in Run 3...

Karsten Koneke

y: 8.5% — 5.0%
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Jotal Cross Section
e Combination of H = yyand H = 2% = 4¢
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57.01“2:8 (stat.) ig‘:g (Syst.) pb o

CI\/\S %— ‘6\7\'8 61 . 1 L 6.0 ( St at.) :|: 3. 7 (SYSt-) pb [ CMS-PAS-HIG-17-028 |

SM: 55.6%+2.5 pb

24/22


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-028/index.html
https://arxiv.org/abs/1805.10197

Extracting Light-Quark Couplmgs from pT(I—!)

* Idea (PRL 118, 121801,2017/):

- pr1(H) sensitive to charm-Yukawa due to interference

between charm- and top-mediated contributions in ggt

1.4} Ke=-10
| Ke= -5
12} Ke=0

(1/0 dU/de,h)/(l/U dU/de,h)SM

Karsten Koneke
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10\8 Scan one Kq, profile other

e Coupling-dependent branching fractions
- lotal width and overall normalization largely contribute to constraint

—09 <, <09 (—1.2 <K, < 1.2 expected)
—43 <Kk, <43 (—54 <x.<5.3 expected)

e Freely-floating branching fractions
- Only pt(H) influence

—28 <K, <99 (—3.7 <xp <7.3 expected),
—18.0 < k. <229 (—15.7 < x. < 19.3 expected)

* Branching fractions fixed to SM
—1.9 < x, < 2.9 (expected)

—8.7 < k. < 10.6 (expected)
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/< |
q q _ | | _E
e Search fornew <., * Or combined analysls >
: C 7 X , .
nvisible decays X< - with assumptions
- eg,VBFtopology: . -7, g 05T R LG
[CMs_PAs_HlG_ | 7_023:] 35.9qu-1 (1 3 TeV) ! gj [I68% CL ===95%CL
= | | | | i
1.4 CMS Preliminary - o RN ¥ oo Kk SMogeced
—8— QObserved 1 \‘\
12 --©- Median expected _: 03__ \\ BRinv'<O°22@95% C.L a

95% CL upper limit on 6 x B(H — inv.)/c

o
N

0
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1
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BSM Interpretations

* Models with second Higgs doublet without tree-level FCNC

e Assume: Higgs boson with my = 125 GeV s lightest CP-even neutral Higgs boson
= Production and decay rates are (at tree level) only sensitive to a and p.

FREIBURG

s
- s
_ =

CMS Preliminary 35.9 fb-1 (13 TeV) Q. L B B B B ]
c@%_ I 11 I 11 | R | 1T I T I_ % B ATLAS Preliminary gbs gSOC/SbCL .
= | = . Vs=13TeV, 36.1-79.8fb" X Ei;fgg%ci' _
hMSSM ) 2HDM Type-|| — — SM
— Observed 95% CL 1 O .
----- Expected 95% CL ) C
— o tan 3 = ratio of vevs -
CMS ALt p :
Mar ]
10 -~ 170\8 }- » -
- , - 0. = mMIXing angle
] between h ana 1=
- ma = mass of [
_ CP-odd Higgs boson s
1 —1 ] ] ] ] I ] ] | ]
IIII|IIII|IIII|IIII 0_1 _0.5

1 200 300 400 500 600 700 800 900 1000

-~ CMS-PAS-HIG-17O3 - 0 04m—o—o——o———————{ ATIAS-CONF-20
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Production and Decay Modes &

| CMS-PAS-HIG-17-031 | ] AT AS-CONF-2018-03 | Jrece mem smm = —
CMS Preliminary e Observed . Observed +-16 F——
35.9 fb' (13 TeV) 2 s merval ATLAS Preliminary _1 Stat. uncertainty E
Y| ie- cNIS 1= = Vs=13TeV, 36.1 - 79.8 fb Syst. uncertainty ==
-T- Y4 E—Q— 2YAa‘»C\'\ my; = 125.09 GeV, |yH| <25 SM prediction
g WW | o 0\ e 1 YY
T | —— [ — | 1 | ZZ
bb . T ggF ww
I8 - TT
~— S 74l —
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= WWY o 144
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_ | g ° VBF ww
§ 4 < 'd E (29
WW - * comb.
bb —e vy e —
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— 77 S T
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Ratios of Cross-Sections and Branching Fractions
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Production and Decay Modes

| CMS-PAS-HIG-17-031 |

Production u
(assume SM decay BRs uf = |)

Decay u

(assume SM production u; = 1)

CMS Preliminary ® Observed
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observed rate
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Global signal strength: 1 = 1.17

010 — 1171052 (stat.) T8 (sig. th.) T00¢ (other sys.)

—0.10
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Models with effective Gluon and Photon Couplings
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Down- lype Quark Couplings;
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IBURG

CMS Preliminary ® Observed

35.9b" (13 TeV) - 1s inferval
B . — 2c interval
—. —*E—
*
IlllIllllIlllllIIIIIIIII|Illlilllllllllllllllllll
-5 -1 05 0 05 1 15 2 25 3

Parameter value

35/22


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html

| CMS-PAS-HIG-17-031 |
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Coupling strength to Fermions
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| CMS-PAS-HIG-17-031 |
e Reinterpret Imit or BRBSM o 10 |3|5.S|)ftl)'1l(15|3'l'le\/l)
as limrt on total width .. CMS E
- Preliminary
Iy Klz—l 8 -~ — Observed E
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FH 1 — (BRundet. T BRinV.) I -
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Input Analyses

BURG

ATLAS-CONF-2018-03 | e memm -z- =
(a2
=) LL.

Analysis Integrated luminosity (fb~1)
H — ~vv (including ttH, H — ~~) 79.8
H— Z7Z*— 40 (including ttH, H— Z Z*— 40) 79.8
H—WW*— evuv 36.1
H — 771 36.1
VH, H— bb 36.1
H — pp 79.8
ttH, H — bb and ttH multilepton 36.1
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Coupling Modifiers

ATLAS-CONF-2018-03 | s meem

A

Production Effective modifier Resolved modifier

OggF lﬁ:g 1.04 /s:f + 0.002 Ii% — 0.04 54Ky,
OVBF - 0.73 n%v + 0.27 /{22

%qq/q99—ZH - K

Ogqg— ZH - 2.46 K:QZ + 0.46 ﬁ:f — 1.90 kK z Ky
oW H - Ky

OttH - K

TtHW - 2.91 mf + 2.31 fs:%v — 4.22 Kekw
OtHgq - 2.063 I{? + 3.58 /{%V — D521 Kekw
ObbH - K,

Partial decay width Effective modifier Resolved modifier

'y /{3, 1.59 n%,v + 0.07 /s:% — 0.67 Ky K¢
'z - m%

'ww - Kiy

| - f<c,2r

|83 - Klg

L - ni

L'yg ng 1.11 K:f + 0.01 /s:g — 0.12 keky,
Lz, Kz 1.12 k3 — 0.12 kK Ky

Total width

Efective modifier

Resolved modifier

L'y

2
Ry

(0.58 k3 + 0.22 K3y, + 0.08 k2 + 0.06 k2 4 0.03 K7, + 0.03 k2
+0.0023 &3 + 0.0015 £{ 5 + 0.0004 k7 + 0.00022 ;) /(1 — Bpsn)
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Coupling Modifiers
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Effective

Production Loops Interference scaling factor Resolved scaling factor

c(ggH) v b—t Kg 1.04 - k7 + 0.002 - 12 — 0.038 - Keyicy,
o (VBF) - — 0.73 - k3, + 0.27 - k5
oc(WH) — = Ky
0(qq/qg — ZH) - - K7
c(gg — ZH) v Z —t 2.46 - k5 + 0.47 - k7 — 1.94 - k7K
o (ttH) — — K2
o(gb — WtH) - W —t 291 - k7 +2.40 - x5y — 4.22 - KKy
o(gb — tHq) — W —t 2.63 - k7 + 3.58 - k5 — 5.21 - Kk
o(bbH) - - i
Partial decay width
727 _ _ 2
. V4
TWW _ _ 2
- 2 A 2
[y v W —t K5 1.59 - k3 + 0.07 - k¢ — 0.67 - kK
TTT _ _ KZ
oh 2
I = — Ki,
[HH — — K%{
Total width for BRggy = 0

0.58 - k2 4 0.22 - K3y + 0.08 - K5+

'y e - Ky 0.06 - k2 + 0.026 - k2 + 0.029 - k2

+0.0023 - k7 + 0.0015 - x5, +
+ 0.00025 - ¢ +- 0.00022 - &,
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SImplified lemplate Cross Sections

ATLAS preliminary
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O»-y H QBMVB“V cA = TZ}g’f E,), H’Y’}’, HZZ :Zz
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Brout-tnglert-Higgs Mechanism

* Mass In matter: ~95% due to binding energy of strong force in nucleus (E = mc?)
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* Mass In matter: ~95% due to binding energy of strong force in nucleus (E = mc?)
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* Problem: Mass of elementary particles:

. . 1 . - N . .
- Mass terms in Lagrangian (boson:—§m?4AMA“; fermion:—m ¢y1)) violate invariance under gauge transformation!
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* Mass In matter: ~95% due to binding energy of strong force in nucleus (E = mc?)
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* Problem: Mass of elementary particles:

. . 1 . - N . .
- Mass terms in Lagrangian (boson:—§m?4AMA“; fermion:—m ¢y1)) violate invariance under gauge transformation!

* Solution:
(developed in 1960s by Brout, Engler; Higgs, and others)

- Introduce complex scalar field ¢(x) with potential.

V(g) = p2 (670) + A (616)
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Brout-englert-Higgs Mechanism 8
* Mass In matter: ~95% due to binding energy of strong force in nucleus (E = mc?) §E
* Problem: Mass of elementary particles:
- Mass terms in Lagrangian (boson:—%miAuA“; fermion:—m 1)) violate invariance under gauge transformation!
* Solution: For A >0, uz>0:

(developed in 1960s by Brout, Engler; Higgs, and others)

- Introduce complex scalar field ¢(x) with potential. , V(®)

V(g) =12 (¢10) + A (¢T0)

middle

- Re(¢)
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Brout-tnglert-Higgs Mechanism &
=
s o
* Mass In matter: ~95% due to binding energy of strong force in nucleus (E = mc?) §E
* Problem: Mass of elementary particles:
1 _
- Mass terms in Lagrangian (boson:—§m?4AMA“; fermion:—m ¢y1)) violate invariance under gauge transformation!
* Solution: For A >0, u?<o0:
(developed in 1960s by Brout, Engler, Higgs, and others) Spontaneous symmetry breaking

- Introduce complex scalar field ¢(x) with potential. , V(o)

V(g) = p2 (670) + A (616)

\@

m@) t
2

U 7
— =4 —— ~ 24 V
7 \/ o) v 6 Ge
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Brout-tnglert-Higgs Mechanism

* Mass In matter: ~95% due to binding energy of strong force in nucleus (E = mc?)

* Problem: Mass of elementary particles:
1
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- Mass terms in Lagrangian (boson:—§m?4AMA“; fermion:—m r11)) violate invariance under gauge transformation!

* Solution: For A >0, u?<o0:
(developed in 1960s by Brout, Engler, Higgs, and others) Spontaneous symmetry breaking
. V(P)

- Introduce complex scalar field ¢(x) with potential.

V(g) = p2 (670) + A (616)

Expand ¢(x) arlound new v(z)lcuum: \\@
_ Re(¢)
b() V2 (U + H(il?)) m@) )

y 2
Minimum at (@) = 7

Lt
— 4/ —— ~ 24
\/ o) v 6 GeV
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Higgs Boson Production at the LHC
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Higgs Boson Production at the LHC 8
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Higgs Boson Production at the LHC
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Vector boson fusion (VBF)
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Higgs Boson Decay :
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Higgs Boson D
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LHC HIGGS XS WG 2016

II‘IIIIl

‘ I
1 1 111t

g 1:_ 1
© =
0C _ bb
>
'F o5 S - WW
_C e
Higgs < O 101 27
------- TT % =
L - 1T
f HH m L
_ CC
y A 102 <4
Higgs WW :
[/ - vy
y Al i
-3_
10°E 7,
Y 4
- U \
10-4 | | | I | | | | |
120 122 124

28 I130
M, [GeV]

48/22



Higgs Boson Decay :
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H1ggs Boson Decay
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LHC bunch-crossing rate: 40 MHz

Up to 60 pp collisions
per bunch-crossing on average

= ~2 billion pp collisions per second
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Ihe LHC vv|th ATLAS & CMS

o

. Proton—:)mtcn COHISIOH energy ECM

- 7TeV (201 1),8TeV (2012):“Run 1"
- 13TeV (2015-2018):“Run 2"

* Luminosity
- Integrated Luminosity L = [ #dt
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LHC bunch-crossing rate: 40 MHz

Up to 60 pp collisions
per bunch-crossing on average

= ~2 billion pp collisions per second

Delivered Luminosity [fb™]

uone.qlies gLog Ienu|

. ATLAS Online Luminosity
60— 2011 pp (s=7TeV E
- —— 2015pp V{s=13TeV
50 —— 2016pp Vs=13Tev E
- —— 2017pp {s=13TeV
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The LHC with ATLAS & CMS &
° Prot:)mtcn co\hsmnney Ec gf—

=L LN (ZO | ‘>, 3 TeV (ZO | 2) “Run | | HC bunch-crossing rate: 40 MHz

- [3TeV (2015-2018):“Run 2" Up to 60 pp collisions

per bunch-crossing on average

* Luminosity
- Integrated Luminosity L = [ #dt

= ~2 billion pp collisions per second
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. —— 2015pp Ys=13TeV
~ = 2016 pp {s=13TeV
— = 2017 pp Ys=13TeV
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The LHC Wlth ATLAS & CMS> €
' Proton—:)mtcn COHISIOH energy ECM = \/ s‘ 1

- 7TeV (201 1),8TeV (2012):“Run 1"
- 13TeV (2015-2018):“Run 2"

LHC bunch-crossing rate: 40 MHz

Up to 60 pp collisions
per bunch-crossing on average

* Luminosity

= ~2 billion pp collisions per second

- Integrated Luminosity L = [ #dt

Wboson's
produced In only (
1 out of 109 events |

* Number of produced events N = 0 - L
- Run I. Oniges = 25 pb

= NHiges = 25 pb-2> b = 625 000

- Run 2: Ny = 55 pb- 36 fb-! = 2 000 000

N
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The ATLAS Detector __§_
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25m |

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor tracker

Karsten Koneke 50/22



The CMS Detector

SIUC@N TRACKER E
CMS Detector == =

Microstrips (80-180um)

Pixels ~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL ~76k scintillating PbWO, crystals
HCAL e
Solenoid o PRESHOWER
Steel YOke — Silicon strips
L?w u@m g ~16m? ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING /
Niobium-titanium coil PN
carrying ~18000 A | ' ! \ FORWARD
co\ CALORIMETER
Steel + quartz fibres
HADRON CALORIMETER (HCAL ' ~2K channels
Total weight : 14000 tonnes Brass + plastic scintillator ( ¢ MUON CHAMBERS
Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :3.8T
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Production and Decay Modes &
{ AT'-N.F-20 18-031 | s E o
@) ,_,N/ Production Cross-Sections =)

ATLAS LD

EXPERIMENT §

(assume SM decay BRs)

Lo IIIlIllIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary e Total Stat. @ Syst. — SM
Vs=13TeV, 36.1 - 79.8 fb™

m,, = 125.09 GeV, |y | < 2.5

Significance Total Stat. Syst.
ggF  Obs. (eXp.) g 1,074 000 (4 007 4 oor )

0.22 0.18 0.13
—— 1212 057 (£ g8 s F 012 )

\

WH === 157+ o (% 0% .% o32)
> 4.1 (3.77)

zH ) == 0.74% g3 (£ 5% % o34 )

tH+tH 5.8 (5.3) H== 1224 0% (£ 017 % o%)

-05 O 0.5 1 1.5 2 2.5 3 3.5 4
Cross-section normalized to SM value
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Production and Decay Modes &

[ATLAS CONF-2018-03 | =

—— . 2
] N o . m
@) \U\‘/ i |Production Cross-Sections * Define for 7 — H — f =
ﬁ:[!ﬂﬁé '20\] (assume SM decay BRs) 0;
.y T T T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 /’LZ::
ATLAS Preliminary 1 e Total Stat. 0 Syst. — SM (UZ)SM
Vs=13TeV, 36.1 - 79.8 fb’
m, = 125.09 GeV, |y | < 2.5 RS
Significance Total Stat. Syst. ,uf * — 7
ggF O (eXP.)  jegg 107+ 9% (00 & 007 ) (B )sm
| ver 653 ) 1215 0% (x 98, % 52) e Signal strength:
WH === 157+ 04 (% 0% . % o) o; - B‘f
4.1 (3.7) 1= L -,uf _
R B e —— —— 0.74+ S50 (£ 0%+ 053) . v (O-i : Bf)SM
ttH+tH 5.8 (5.3) H== 1224 0% (+ 017 . % o5 )

observed rate

-05 O 0.5 1 1.5 2 2.5 3 3.5 4
Cross-section normalized to SM value

expected rate

= Includes total signal theory uncertainty!

Karsten Koneke 52/22


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

P .
roduction an ecay OdES =
aa
[ATLAs CONF-2018- 031 | | CMS-PAS-HIG-17-031 | e o
— CMS ¢ =1 D =T
éi . . 4 yC €Ca
i |Production Cross-Sections :\\W‘ / -
=\ 10\8 (assume SM production ui = |)
_— (assume SM decay BRS) — CMS Preliminary ® Observed
= T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 359 fp” (13 TeV) = +1G (stat.®sys.)
ATLAS Preliminary e+ Total Stat. @ Syst. — SM :i;(cjs s
(s=13TeV, 36.1-79.8 fb” B ;
my = 125.09 GeV, ly | < 2.5 e  ———
Significance Total  Stat. Syst. B '
g DS (eXP) gy 1075 0% (£ 00 2 0% ) Nz S N
|ver 65(5.3) ) 1212 82 (2 325 0 -
] \ e MWW *——.——
WH === 157% o3 (£ 0% .% o%) :
> 4.1 (3.7) —
ZH ) == 0.74 % 54 (% 03 »% 024 ) T e ——
ttH+tH 5.8 (5.3) H== 1224 0% (+ 017 . % o5 ) B .
IIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII|IIII ubb E
_0-5 0 Ol5 1 1-5 2 2-5 3 3-5 4 ] ] ] ] | ] ] | ] i ] ] ] ] | ] ] ] ] | ] ] ] ]

. . 0 0.5 1 1.5 2 2.5
Cross-section normalized to SM value Parameter value

Global signal ™= (36 fb-!)  u = 1,171’8 %8 = 1. 17+8’82 (stat.) +88§ (sig. th.) +882 (other sys.)
strength:  [§1(36-80 fo!) = 1.13%00 = 1.13 + 0.05 (stat.) + 0.05 (exp.) To-ox (sig. th.) +0.03 (bkg. th.)
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L oop-induced Couplings 2
| CMS-PAS-HIG-17-031 | mumm s QE A
* InSM, ggF and H = yy are loop-induced (> P20 Se

-
‘—- -§.

- New Particles could contribute inside loop

= lest effective coupling modifiers to gluons
(Kg) and photons (Ky)
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