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Introduction A\K"

General idea: | have a model with X Higgs bosons

1. Does one of them behave in agreement with measurements of the detected Higgs boson hi257
2. Would the other Higgs bosons be excluded by searches for additional Higgs bosons?

Answer: Compare model predictions and experimental data

Obstacle 1: Compute model predictions (—HiggsPredictions)
Obstacle 2: Sheer amount of experimental data (—HiggsBounds and HiggsSignals)

Obstacle 3: Which searches are actually relevant in my case (—HiggsBounds)

= Requires automatisation
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Introduction A\K"'

Cross-section measurements of hjas
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Introduction \KlT

Cross-section measurements of hjos
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Introduction A\K"'

History of HiggsBounds and HiggsSignals

Former members: Philip Bechtle, Oliver Brein, Karina E. Williams, Oscar Stal,

Tim Stefaniak, Daniel Dercks, Tobias Klingl, Jonas Wittbrodt

HiggsBounds confronts models with HiccsBounps

cross-section limits from collider searches

02/2009, v.1 LEP and Tevatron limits HiggsSignals confronts models with
08/2010, v.2 Added support for charged scalars ~ cross-section and mass measurements of hi25
05/2011, v.3 LHC 7 TeV limits included 05/2013, v.1 Tevatron and LHC 7/8 TeV data
05/2013, v.4 LHC 8 TeV limits included 03/2017, v.2 LHC 13 TeV data included
03/2017, v.5 LHC 13 TeV limits included
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HiggsTools AT

Karlsruher Institut fiir Technologie

HiggsTools: Rewrite and unification of HB and HS

The package consists of three subpackages:
HiggsPredictions v.1
HiggsBounds v.6
HiggsSignals v.3

Written in modern C++ with python and mathematica interface

Why rewrite the whole thing?

A few pieces of code from the old versions...

Thomas Biekotter TTP BSM seminar 7 /37



HiggsTools AT

Karlsruher Institut fiir Technologie

“Just keep coding.
We can always fix it later.”
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Why rewrite? Example 1 AT

Karlsruher Institut fiir Technologie

Reading data in old HS:

call system('ls -1 -p '//trim(adjustl (pathname_HS))//'Expt_tables/'//trir
'/*.stxscorrTHU 2>/dev/null | xargs —-L 1 basename > STXS_correlations
call system('rm -rf STXS_ncorrelations.txt')

— Was maybe a good solution at some point, but not today

— No PhD student would be willing to maintain code like this
— Platform dependent
s

Cannot be run in parallel
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Why rewrite? Example 2

Setting particle properties in old HB:

subroutine HiggsBounds_neutral_input_effC( &
ghijss_s, ghjss_p, ghjcc_s, ghjcc_p, &
ghijbb_s, ghijbb_p, ghjtt_s, ghjtt_p, &
ghjmumu_s, ghjmumu_p, &
ghjtautau_s, ghjtautau_p, &
ghjWww, ghjZzZz, ghjZga, &
ghjgaga, ghjgg, ghjhiz)

— User cannot set only input relevant for him
— All input arrays have to be declared and set

— Adding new arguments would break all existing codes

Thomas Biekotter TTP BSM seminar
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Why rewrite? Example 3 AT

Karlsruher Institut fiir Technologie

Framework to add new data:

404 :
not found

— Data sets were extended by hand
— No common data formats
— Lack of consistency between implementation of similar processes
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HiggsTools AT

Karlsruher Institut fiir Technologie

HiggsPredictions

Helper to compute, set and store model predicions

Check BSM scalars against cross section limits

HiggsSignals

Check if the cross-section measurements at 125 GeV are reproduced

A closer look at the three subpackages
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HiggsPredictions AT

Karlsruher Institut fiir Technologie

Used to set and store the model predictions:
- Particle properties: Mass, charge, CP, cross sections, branching ratios
- Information depending on more particles, e.g. non-resonant pair production cross sections
- Contains properties of reference particles, e.g. SM Higgs boson

- Can compute cross sections and branching ratios as functions of effective couplings

import Higgs.predictions as HP

pred = HP.Predictions ()

h = pred.addParticle (HP.NeutralScalar("h"))
h.setMass (125.09)

HP.effectiveCouplingInput (h, HP.smLikeEffCouplings)

H = pred.addParticle (HP.NeutralScalar ("H"))
H.setMass (1000.0)

H.setDecayWidth ("h", "h", 1)

H.setCxn ("LHC13", "ggH", 1)
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HiggsPredictions AT

Karlsruher Institut fiir Technologie

Used to set and store the model predictions:
- Particle properties: Mass, charge, CP, cross sections, branching ratios
- Information depending on more particles, e.g. non-resonant pair production cross sections
- Contains properties of reference particles, e.g. SM Higgs boson

- Can compute cross sections and branching ratios as functions of effective couplings

Install["/Path/To/HiggsTools/build/wstp/MHiggsTools"];
HPAddParticle["h", 125.09, "neutral", "even"];
HPSMLikeEffCouplings["h"]

HPAddParticle["H", 1000, "neutral", "even"];
HPSetDecayWidth["H", "h", "h", 1];

HPSetCxn["H", "LHC13", "ggH", 1];
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HiggsPredictions IT

Excess to all YR-4 cross sections and branching ratios, and more. ..

prod. channel

coupling dep.

mass range [GeV|

source
g9H Ct, Cty Chy Cp 10 — 3000 SusHi
bbH Cp, Cp 10 — 3000 resc. of SM result
VBF LHCS8: 1 — 1050, LHC13: 1 — 3050 HAWK
ttH 25 — 1000 MadGraph
tH (t channel) 25 — 1000 MadGraph
tWH 25 — 1000 MadGraph
WH cw, ¢y 1 — 2950 vh@nnlo
qq — ZH Cz,Ct 1 — 5000 vh@nnlo
99—~ ZH Cyy Chy Cz, Ct, Cp 1 — 5000 vh@nnlo
bb— ZH 1 —5000 vhennlo
qiq; — H Cqij 1 — 5000 vh@nnlo
qiq; — H* CqL, 200 — 1150 Ref. [7]
gy — H+~ Cq.ijr Cqsij 200 — 1150 Ref. [7]
Gq; — HE 4+ cqrijs Carij 200 — 1150 Ref. [7]
bb— ZH cp 200 — 1150 Ref. [7]
pp — H*th CL,th, CRth 145 — 2000 Refs. [13, 14]
pp— H*¢ CHEgwF mg : 10 — 500, my+ : 100 — 500 Ref. [15]

Thomas Biekotter
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HiggsBounds AT

Karlsruher Institut fiir Technologie

Compares the predicted signal rates to the experimental 95% CL limits

Opred
exp,obs
995%C.L.

7 —ratios :  Texp.obs = , Tobs < 1 for search with max(rexp,) = point is allowed.
- For each limit select relevant particles, possibly clusters of particles

- Compute the predicted signal rate for each limit after clustering

- Compute the “r-ratios”

- For each particle select the limit with the largest rexp

- Exclude parameter point if for a particle the corresponding rops > 1

import Higgs.bounds as HB

bounds = HB.Bounds ('/Path/To/HBDataSet"')
hbres = bounds (pred)

print (hbres)
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HiggsBounds AT

Karlsruher Institut fiir Technologie

Compares the predicted signal rates to the experimental 95% CL limits

Opred
exp,obs
995%C.L.

7 —ratios :  Texp.obs = , Tobs < 1 for search with max(rexp,) = point is allowed.
- For each limit select relevant particles, possibly clusters of particles
- Compute the predicted signal rate for each limit after clustering
- Compute the “r-ratios”
- For each particle select the limit with the largest rexp
- Exclude parameter point if for a particle the corresponding rops > 1
HBInitialize["/Path/To/HBDataSet"];
hbres = {
HBApplyBounds[],

HBGetSelectedBounds|[]};
hbres
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HiggsBounds AT

Karlsruher Institut fiir Technologie

HiggsBounds dataset at gitlab.com/higgsbounds/hbdataset.
What is (currently) included?

- 258 search results from 165 experimental publications

- 25 LEP searches from 13 publications (mostly combinations)
- 90 LHC Run 1 searches from 26 ATLAS and 37 CMS publications
+ 143 LHC Run 2 searches from 44 ATLAS and 45 CMS publications

- dataset strictly superior to the HB-5 dataset

- full Run-2 results in many channels
- doubly charged Higgs searches

7TeV LHC and Tevatron results

Z' /W' searches — possible extension
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HiggsSignals AT

Karlsruher Institut fiir Technologie

Performs a y2-fit to the measurements of hja;

n = A
XZ = (/1' - l‘r‘)T [A;PbscorrobsAobs + AtTheo CorrtheoAtheo} (/L - [1,)
- MaSS measurements

- Inclusive cross section measurements

- Cross sections in terms of simplified template cross sections (STXS)

import Higgs.signals as HS

signals = HS.Signals('/Path/To/HSDataSet"')
chisg = signals (pred)

print (f"HiggsSignals chisqg: {chisqg}")
Thomas Biekotter
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HiggsSignals AT

Karlsruher Institut fiir Technologie

Performs a y2-fit to the measurements of hja;

2 AT AT I —1 A
X = (/1' - l‘r‘) [AobscorrobsAobs + AtheocorrtheoAtheo} (/L - [1,)
- Mass measurements

- Inclusive cross section measurements

- Cross sections in terms of simplified template cross sections (STXS)

HSInitialize["/Path/To/HSDataSet"];
chisqg = HSGetChisqgl];
Print [

"HiggsSignals chisg: " <>
ToString[chisqg]]
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HiggsSignals AT

Karlsruher Institut fiir Technologie

HiggsSignals dataset at gitlab.com/higgsbounds/hbdataset.
What is (currently) included?

- 22 measurements (11 ATLAS Run-2, 9 CMS Run-2 and 2 Run-1 Combination)
- 136 individual observables
- dataset strictly superior to the HS-2 dataset

- full Run-2 results in many channels
- CMS measurement of the 7-Yukawa CP-phase
- updated mass measurements (WIP)
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How to get started? KIT

Karlsruher Institut fiir Technologie

1. Required compilers: C++417 (gcc>=9 or clang>=5), CMake>=3.17, python>=3.5
2. Clone/download the code from: gitlab.com/higgsbounds/higgstools

3 (a). Build the C++ code:
mkdir build && cd build
cmake ..
make
3 (b). If you want to use the python interface, build with:
python -m pip install .
3 (c). If you want to use the mathematica interface, build with: (needs WSTP library)

mkdir build && cd build
cmake -DHiggsTools_BUILD_MATHEMATICA_INTERFACE=ON ..
make

4. Download the datasets to a separate location:
HiggsBounds data set: gitlab.com/higgsbounds/hbdataset
HiggsSignals data set: gitlab.com/higgsbounds/hsdataset
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A few examples KIT

Karlsruher Institut fiir Technologie

1. Constraining Yukawa couplings to the 2nd generation fermions*

2. Sensitivity comparison: his5-pair production limits*

3. Status of the 2HDM in light of LHC Run 2*

4. Constraining the invisible decay of his5 [TB, Mathias Pierre: 2208.05505]

*Complete example scripts in python and mathematica avail-
able in the example folder of the HiggsTools repository
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1: Constraining Y. AT

Karlsruher Institut fiir Technologie

import Higgs.predictions as HP
import Higgs.signals as HS

pred = HP.Predictions() # create the model predictions
signals = HS.Signals('/Path/To/HSDataSet') # load HS dataset

h = pred.addParticle (HP.NeutralScalar("h")) # add a SM-like scalar
h.setMass (125.09)

cpls = HP.NeutralEffectiveCouplings() # initialize effC object
cpls.tt = 1

cpls.bb = 1

cpls.tautau = 1

cpls.ss = 1

cpls.mumu
cpls.gg = 1
cpls.zz = 1
cpls.WW = 1
cpls.gamgam = 1
cpls.Zgam
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1: Constraining Y. AT

def

@np.

def

X
y =
X

’

df [’
'ccIm'] = Y.flatten()

af [

af [
df [

Karlsruher Institut fiir Technologie

setEffC (ccRe, ccIm, refModel):
cpls.cc = ccRe + 13 % ccIm
HP.effectiveCouplingInput (h, cpls, reference=refModel)

vectorize

calcChisg(ccRe, ccIm, refModel):
setEffC (ccRe, ccIm, refModel)
return signals (pred)

np.linspace (-3, 3, N)
np.linspace (-3, 3, N)
v)

= np.meshgrid(x,

ccRe'] = X.flatten()

'chisgSMHiggs'] = calcChisqg(df['ccRe'], df['ccIm'], "SMHiggs")
'chisgSMHiggsEW'] = calcChisqg(df(['ccRe'], df(['ccIm'], "SMHiggsEW")
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1: Constraining Y. AT

Karlsruher Institut fiir Technologie

Ax? Ay?
012345678 91011121314 0123456 78 910111213 14
[ LA AL A ML AL A
3 : . - . - 3 - . : . .
—— HS68%CL ==+ HS 99% CL —— HS68%CL ===+ HS 99% CL
--- HS 95% Gl HS BFP L b == BS95% CL HS BFP

& 0F 4 S OF E
—1F E 1k E
—92F E _9oF g

HiggsSignals SMHiggsEW HiggsSignals SMHiggs
_3 L L L L ! _3 L L L L L
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ce Ce

Difference only comes from reference model!

SMHiggsEW: o(ggH) at N3LO QCD in heavy my-limit + EW corrections
SMHiggs: o(ggH) at NNLO QCD
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2. hios-pair production XIT

Karlsruher Institut fiir Technologie

import Higgs.predictions as HP
import Higgs.bounds as HB
import numpy as np

import pandas as pd

pred = HP.Predictions () # create the model predictions
bounds = HB.Bounds ('/Path/To/HBDataSet') # load HB dataset

h = pred.addParticle (HP.NeutralScalar ("h"))
h.setMass (125.09)
HP.effectiveCouplingInput (h, HP.smLikeEffCouplings)

H = pred.addParticle (HP.NeutralScalar ("H"))
H.setDecayWidth ("h", "h", 1)
H.setCxn ("LHC13", "ggH", 1)

df = pd.DataFrame ()
df['mass'] = np.linspace (250, 2001, 1000)

Thomas Biekotter TTP BSM seminar 27 / 37



2. hios-pair production XIT

Karlsruher Institut fiir Technologie

@np.vectorize
def runHB (mass) :
H.setMass (mass)
return [a for a in bounds (pred) .appliedLimits
if "H" in a.contributingParticles/() ]
df ['appliedLimits'] = runHB(df['mass'])

limits = list({a.limit () for res in df['appliedLimits'] for a in res})
limits.sort (key=lambda 1: str(l.id()))
@np.vectorize
def get_obsratio(alims, id):

for a in alims:

if a.limit () .id() == id:
return a.obsRatio ()
return np.NaN

for lim in limits:
df[1im.1id ()]

get_obsratio(df['appliedLimits'], lim.id())
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2. hios-pair production XIT

Karlsruher Institut fiir Technologie

ATLAS 13 TeV

—— 1804.06174 [bb][bb]
—— 1807.04873 [gamgam][bb]
—— 1807.08567 [gamgam]|[WW]

1808.00336 [tautau][bb]
—— 1811.04671 [bb][WW]
—— 1811.11028 [WW][WW)]
— 1906.02025 comb
—— 2007.14811 [bb][tautau]

CMS 13 TeV
=== 1707.02909 [bb][tautau]
=== 1708.04188 [bb][WW]
=== 1806.03548 [bb][bb]
Il
b

pp = H — hisshias) [pb]

(
-
o

L

- == 1808.01365 [bb][tautau]
1808.01473 [bb][bb]

=== 1811.09689 comb

— == 1904.04193 [bb][WW]

— == 2006.06391 [bb][ZZ]
2106.10361 [tautau][bb]

. . . . . 1 .
400 600 800 1000 1200 1400 1600 1800 2000
mpy [GeV]

Thomas Biekétter TTP BSM seminar 29 /37



def run_higgstools(cpl, pt):
set_h propertles(cpl[O}, pt)
1
]

= pred.addParticle (HP
.setMass (125.09)
= pred.addParticle (HP
.setMass (800)
= pred.addParticle (HP
.setMass (800)
= pred.addParticle (HP
.setMass (800)

set_H_properties(cpl[1l
set_A_properties (cpl[2
set_X_properties (pt)
res = bounds (pred)

.BsmParticle ("H",

.BsmParticle ("A",

.BsmParticle ("X",

"neutral", "even"))
"neutral", "even"))
"neutral", "odd"))

"single"))

# set particle properties and run HB and HS

; Pt)
, pt)

chisg = signals (pred)

return res, chisqg

Thomas Biekotter
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3. Status of 2HDM AT
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3. Status of 2ZHDM

def set_H_properties (dc,

pt) :

cpls = HP

cpls.tt = dc['tt']
cpls.bb = dc['bb']
cpls.ZZ = dc['ZZ'"]
cpls.WW = dc['WW']

HP.effectiveCouplingInput (H,

jusiiyaciiasiie siite uiifan i s jie e i as i

= pt['WH'] # Set decays,
.setDecayWidth('gg', ptl
.setDecayWidth ('Ww', ptl[
.setDecayWidth ('zZ', ptl[
.setDecayWidth ('gamgam',
.setDecayWidth('tt', pt['
.setDecayWidth ('bb', pt]
.setDecayWidth ('tautau'
.setDecayWidth('h', 'h',
.setDecayWidth ('A', 'A'",
.setDecayWidth('z', 'A'",

Thomas Biekotter

.NeutralEffectiveCouplings ()

'BRH2gg"']
"BRH2WW' ]
'BRH2ZZ"]

'BRH2bb "]

SKIT

Karlsruher Institut fiir Technologie

# set properties of the H boson

# Set cross sections from eff. couplings

cpls, reference=HP.ReferenceModel.SMHiggs)

here decay width obtained with NHDECAY and ScannerS
* W)
* W)
* W)
pt['BRH2yy'] =*
BRH2tt'] * w)
kW)
pt ['"BRH211'] * w)
pt ["BRH2hh'] * w)
Pt ['BRH2AA'] * w)
pt ['BRH2ZA'] * w)

w)
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3. Status of 2HDM ST

data = [] # process dataset and save output to file

for point in dataset:
beta, alpha = point|['beta'], point['alpha']
cpl = calc_effective_couplings (alpha, beta, yuktype)
reshb, Chisg = run_higgstools(cpl, point)
data.append ({
'beta': beta, 'alpha': alpha,

ls results

'chisqg': Chisq, # Save HiggsSigna

'hexp': reshb.selectedLimits['H'].expRatio(), # Save HiggsBounds results
'hobs': reshb.selectedLimits['H'].obsRatio(),

'hcha': reshb.selectedLimits['H'].limit () .citeKey (),

'aexp': reshb.selectedLimits['A'].expRatio(),

'aobs': reshb.selectedLimits['A'].obsRatio(),

'acha': reshb.selectedLimits['A'].limit ().citeKey(),

'xexp': reshb.selectedLimits['X'].expRatio(),

'xobs': reshb.selectedLimits['X'].obsRatio(),

'xcha': reshb.selectedLimits['X'].limit () .citeKey () })

df = pd.DataFrame (data)
df .to_csv (f'result_type{yuktype}.csv')
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3. Status of 2ZHDM SKIT

Karlsruher Institut fiir Technologie

Ax? Ay
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
EETTTTT ! Y [ 4 ] I r ! [ r ]
10 prr = : 10 : = :
HiggsBounds+HiggsSignals X . -
9 HS 68% HS BFP 9 F HiggsBounds+HiggsSignals (e)
gf == HS95% HB 95% g~ Hses% HS BFP - (f)
i : —= HS 95% HB 95%
7 i 1 7 ()
1 ; e
@« 6 'l : « 6 (©)
R \ ! (d) E
g2 5 | i £ 5
\ ! (d)
4 “ : 4 i
1 () 1
3 \ ] (c) 3 i
2 ] 2 it
1 (b 2HDM Type Ii i ) ©
1 i 1 1 1
—0.4 —0.2 0.0 0.2 0.4 —0.4 —0.2 0.0 0.2 0.4
cos(f — a) cos(f — a)
(d) ATLAS: pp — ¢ — WW, ZZ, WZ |75],
(a) CMS: pp — & — husshizs — bbyy, bbrr, bbbb, bOV'V [49], (¢) ATLAS: pp — 6 = husshias — bbb [76),
(b) CMS: pp = ¢1 — hiasds — bbrT [43], (f) ATLAS: pp — ¢ — V'V, Vs [77],
(c) CMS: pp — ¢ — Zhyos — Zbb [31], (g) ATLAS: pp — ¢ — 77 [78],
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4. Invisible

SM-like couplings:
cp=cy =1

Only BSM contribution:
BR(h125 — iIlV)

Indirect limit:
BRiy < 6.2% at 95%

Meas. of hi25 — 77y alone
give rise to an indirect limit
stronger than the direct limit

on BRinv [CMS-HIG-19-015]

Thomas Biekotter

decay of hqo5

Ax?

SKIT

Karlsruher Institut fiir Technologie

10 Xin = 15167 3

— All measurements
=== CMS: h125 — VY

ATLAS: hio5 — vy

e
.
.

0.08 0.10

BRinv

0.12 0.14

[TB, Mathias Pierre: 2208.05505]

TTP BSM
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4. Invi

sible

decay of hqo5

SKIT

Karlsruher Institut fiir Technologie

Type I —— HS95% CL === HS 68% CL Xn = 146.26
v T s
)
[}
15 |
! L6
=
210F |1
* 1= L
I' 4
S5 |
\ L2
- >
T T T T T T T T 4
-0
15F i 3 i
Q 2
= 10f E E ik
5E E E E| B
-~ 3
0 B — G BRinv = 8.0% BRinv = 10.0%
-0.2 0.0 0.2 -0.2 0.0 0.2 —0.2 0.0 0.2
cos(a — f3) cos(a — f3) cos(a — )

[TB, Mathias Pierre:

Thomas Biekotter

2208.05505]

cos(a

— B) = 0: Alignment limt hi25 = hsum
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4. Invisible decay of h;s; AT

Karlsruher Institut fiir Technologie

Type 11 —— HS95% CL === HS 68% CL Xin = 149.09
T T T T s
o -6
=}
g 1k 1k E
Ep ERS Ak a
BRinv = 0.0% BRinv = 2.0% BRinv = 4.0% -
. : . 5
-2
15F 1F 1F ]
ER 1k 1k i
5 B S e o il
BRiny = 6.0% i BRiny = 8.0% N\ BRiy = 10.0% ]l —2
0.0 0.1 0.2 0.0 0.1 0.2 0.0 0.1 0.2
cos(a — f3) cos(a — f3) cos(a — )
[TB, Mathias Pierre: 2208.05505] cos(ae — B) = 0: Alignment limt hi25 = hgm
Thomas Biekatter TTP B!
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Summary: HiggsTools AT

How to get started?

git clone https://gitlab.com/higgsbounds/higgstools.git
git clone https://gitlab.com/higgsbounds/hbdataset.git
git clone https://gitlab.com/higgsbounds/hsdataset.git
cd higgstools

python -m pip install .

How to get help?

HiccsBounns

—» Write an email to the team: higgstools@desy.de
— Raise an issue on gitlab: https://gitlab.com

— ITP Room: 12-16 (my office) Than kSI
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3. Status of 2ZHDM

SKIT

Karlsruher Institut fiir Technologie

Ax? Ax?
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
I EEE————
10 T (g)'“ T 10 T l T
o (b) 9 (f) ()
HiggsBounds+HiggsSignals HiggsBounds+HiggsSignals
8 HS 68% HS BFP 8 HS 68% HS BFP
sE==' HS 95% HB 95% TE= HS 95% HB 95%
x 6 « 6
= ]
. ] (d) e (d)
Ih
[0
4 4
) i ()
[} 1 !
3 1|8} () 3 Ih
9 18]\ 9 18h
1 1 1sh
2HDM Type IlI / 1(e) 2HDM Type IV i (b)) (o)
1 Vi V3 1 1 1
—0.4 -0.2 0.0 0.2 0.4 —0.4 -0.2 0.0 0.2 0.4

cos(f — a)

(a) CMS: pp — ¢ — hiashias — bbyy, bbrT,
(b) CMS: pp — ¢1 — hyasa — bbrT [43],

(c) CMS: pp — ¢ — Zhyas — Zbb [31],

Thomas Biekotter

cos(f — «)

(d) ATLAS: pp — ¢ — WW, ZZ, WZ [75],

bbbb, bOV'V' [49], (€) ATLAS: pp — ¢ — hysshias — bbbb [76],
(f) ATLAS: pp — ¢ — VV, Vhags [77],

(g) ATLAS: pp — ¢ — 77 [78]
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4. Invisible decay of hys5

Common LHC
benchmark scenario:
{cy,cv}, where
Cf =Cy =Cqg =

Allowed regions in
{cf,cv'} plane for all
BR;,, values

Complementarity

of direct and indirect

constrains on BRj,.
if hi2s # hgm

Thomas Biekotter
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UV-completion: e.g. 2HDM type | (cy < 1)
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X2 = 145.61 —— HS 95% CL —=—- HS 68% CL X cr=cy=1
T T T ™ T T 1 T T :
110F 1k E
_1.05F 3 Ens ]
<
100 3 it E
0.95 F, b L BRinv = 20%] L BRiny = 4.0%4
T T T g T . ™ T T T
110E 1k 1k E
_105E ik it E
<
100 1t it
095k BRy,, = 6.0%] [ BRy,, = 8.0%] BRyp, = 10.0% ]
95 B L h fic i L 1 e I 1 L ! h
0.8 0.9 1.0 1.1 0.8 0.9 1.0 1.1 0.8 0.9 1.0 1.1
cf cf cr

Ax2<0¢x2<x§M
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