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@ The discovery of a Higgs boson by ATLAS and CMS
(m ~ 125 GeV) has opened new era in particle physics!

@ Thus far, it is in good agreement with the Standard Model (SM)
Higgs boson.

= Standard model finally complete!

@ Many well motivated BSM theories feature an extended Higgs
sector.

= possible deviations in the couplings/signal rates from the SM
Higgs, and/or additional Higgs states may be discovered in
future LHC searches.

Tobias Klingl Probing Higgs CP properties with Higgs signal rates using HiggsSignals-2



@ The discovery of a Higgs boson by ATLAS and CMS
(m ~ 125 GeV) has opened new era in particle physics!

@ Thus far, it is in good agreement with the Standard Model (SM)
Higgs boson.

= Standard model finally complete!

@ Many well motivated BSM theories feature an extended Higgs
sector.

= possible deviations in the couplings/signal rates from the SM
Higgs, and/or additional Higgs states may be discovered in
future LHC searches.

= model-independent tools to confront:

Theory predictions vs. Experimental results
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The HiggsSignals code

@ Current version: HiggsSignals-1.4.0 (HiggsSignals-2.1.0beta)
@ Website: http://higgsbounds.hepforge.org.

@ Documentation:
Eur.Phys.J. C74 (2014) 2711 [arXiv:1305.1933]
Eur.Phys.J. C74 (2014) 2693 [arXiv:1311.0055]

@ Applications: [arXiv:1403.1582], [arXiv:1608.00638], + many more
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HiggsSignals: Basic Idea

© Take predictions for physical quantities of given Higgs sector:
mk,r?t, O‘;(pp — Hk), BR(Hk — XX),

for each neutral Higgs boson k = 1. .... V and production
cross-section (/ € {ggH, VBF, WH, ZH, ttH, ...}) as user input.

@ Calculate the predicted signal strength p for every observable

i €moder [01(PP = Hic) X BR(Hk = XX)] moder
2i€smloilpp — H) x BR(H — XX)] s

HH—XX =

gi-lf

(zero-width approximation (o - BR)(i — f) = = assumed )

© \? test of model predictions against available data from signal
rate and mass measurements from the Tevatron and LHC.
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HiggsSignals: Theoretical input

@ Predictions for physical quantities of given Higgs sector:
m,T3°, oi(pp — Hk), BR(Hix — XX),
with k = 1,..., N and (i € {ggH, VBF, WH, ZH, ttH, ..}).
o,BR given via effective couplings or at hadronic level.
e Optional: Uncertainties for my, oi(pp — Hi), BR(Hx — XX).

@ Input for specific models can be provided by other tools (e.g.
FeynHiggs, CPsuperH, 2HDMC, SARAH/SPheno, ...)

@ Many example programs provided!
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HiggsSignals: Experimental input

@ Signal strength measurements:
>_i Emoder [91(PP = Hi) X BR(Hk — XX)] oger
>i€smloi(pp — H) x BR(H — XX)]lgyy

with Efficiencies ¢; and (i € {ggH, VBF, WH, ZH, ttH, ...}).

HH—XX =

Examples:
experimental categories pure signal channels
[CMS-PAS-HIG-16-020] [ATLAS+CMS 7/8 TeV, 1606.02266]
CMS Preliminary 12.9 b (13TeV ATLAS and CMS —e— Observed 1o
[ Hon ‘ = combined £ 1o ‘ LHE Runt = T
Uniaggedo | 095 77 HE = Percategory £io | w - i i R b
Untagged 1 [ 1.04 2% H = e, | = HEE Sl
Untagged2 [ 0.44 2 [ Bng= 095797 i ; | ' :
o [[13038 A i i e | BE e
VeF Tago | 158 2 o n e —— | i |t
verTagt [ 00477 My B i : : i J +
TTH Hadeonle Teg ¥2VO : - 05 0 05 1 15 05 0 05 1 15 42 nlv 46868 42 0‘7 488 42 o': 468
TTH Leplonic Tag | 1.15 0 . . N 99F VBF WH ZH ttH
2 o 2 ¥ s v - B norm. to SM prediction
u

+ signal efficiencies (if given) + 20 x 20 correlation matrix
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Observables included in HiggsSignals

@ HS-1.4.0: Latest /s = 7 + 8 TeV measurements from the LHC + Tevatron.

B WW vty (VBF) [8 ATLAS —— cMs [ 8 TeV) s WV oty (0/15)
WV (vl (ggF) [8 o ——r 8 TeV ] s W W vl (VBF)
Vs VIVIV (20) [8 —_— - 8 TeV] VA VIV —2020 + 2
VIS VI (3¢) [8 — N JE S-S 8 TeV] VA VW
Vh—VIVIV (4f) m— oy 8 TeV] IWh—IWIW W 3630
fH{ ﬂi 1\(B‘F/VH)) ‘}"\ ——— [ 8 TeV| h—ZZ—4( (0/15)
. a 3 [ ——
P 1cenlral,h\gh9ygm) S oV —_—r 31‘.‘} s ("’;d o
h—s~7 (central low-pr) [8 TeV —— e {[7TeV] i+ (untagged 0)
=+~ (forward, high-pr) [8 TeV [ — /=77 (untagged 1)
Ji— (forward,low-pr¢) [8 TeV| — Ay (untagged 2)
Ty (VBElose) ST —_— 7 (untagged 3)
M ~ (VBFdijet 0)
— 7 (VBRdiet 1)
—_— i (VHLEP2)
sy (VH, due()
+ (VH,loose)
h—7 (ttH,tags)
Ji-s77 (VBF hadhad) —— =77 (untagged 0)
Ii=7 (boosted, hahad) [ [ S TeV] /i1 (untagged 1)
h—7 (VBFlephad] — RS 8 TeV| i+~ (untagged 2)
(boosted lephac) —— H——y 8 TeV] h—++ (untagged 3)
(VBFleplep) —_— _— 8 TeV| i+ (untagged 4)
(boosted,leplep) — ——i 8 TeV] k-~ (VBF.dijet 0)
Vi Vb (0f — i+ (VB dijet 1)
ViV (1) = " (VBRdiet2)
VIV (2) . ——i 1 (VHLE7e)
i multlep. (1¢
tth> multlep. (2(07,) [EE—  (VHdiet)
11— multlep. (2/17,) G - —
tti-> multilep. (3() R (
tth— multilep. (1¢) [$ 7 (
tthtt{bb) [8 TeV —_— =77 (1tH lepton)

TeV] hsyup
h—=WW [

V] tth—21 (SS)

tth—3(
- tth—4(
tth—ti(
VsV o st
tthsttth | CDF _ V] tth—t0(0)
-1 0 1 3 i -1 0 1 2 3
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Observables included in HiggsSignals

@ HS-1.4.0: Latest /s = 7 + 8 TeV measurements from the LHC + Tevatron.
@ HS-2.1.0beta: First /s = 13 TeV results included.

B WW vty (VBF) [8

WV Sty (ggF)
Vh=VWW (26)
VIS VI (3¢) [8
Vh=VIWW (4f)

Ii7Z-4( (VBFVH)

B W W vty (0/15)
B WV vl (VBF)
VA VIVW 2020 +2)
VA= VIVIV
WhoWIWW 303y
2740 (0/1))
hesZZ-510 (25)
i+ (untagged 0)
h-+~+ (untagged 1)
i+ (untagged 2)

>,

h— 22l (ggH)
I+ (central high-pr)
=7 (central,low-pr.) [§
77 (forward high-pr)
I+ (forward,low-pr) [3

i -5+ (untagged 3)
e F: =+~ (VBF.dijet 0)
=537 (VH i+ (VBF.dijet 1)
By (VH, vy (VH, E)

( 7=~ (VH,dijet)

B
i (ttHlep.

J— (VBF hadhad)
(boosted,hadhad
(VBFlephad
Ji—77 (boosted,lephad)
VBFleplep)
osted,leplep) |$
Vi Vb (01) [8 TeV
VhoVBb (1) [8 TeV
Vo Vb (2) [8 Te
( S TeV

-7+ (VH,loose)
=7 (1tH,tags)
V] 7= (untagged 0)
h—+7 (untagged 1)
i+ (untagged 2)
h—++ (untagged 3)
i+ (untagged 4)
-+ (VBF.dijet 0)
=+ (VBFdijet 1)
e (vermm)z)
" e

1t multilep. (1/ = =7 (VH,
11— multlep. (210 Ii=5 (VM dijet)
tth— multilep. (2¢ -+ (VH,loose)

tth= multlep. (3/)
th— multlep. (1) [§ TeV
#hst1(bb) 8 TeV

V] =77 (VH tight)
I (itH,mulijet)
V] =77 (1tH,lepton)

h—=Ww} D@

VhsVbh
tth—stith| CDF

th—stt(bh)
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HiggsSignals: x? Evaluation

o Global x? for the signal strength measurement is given by

X5 = (R — p)(Cov), " (fn — p).

@ Correlations of major systematic uncertainites are taken into
account (if publicly known):
_ Aa_theo.
- ABR(Hy — XX)thee
- AL

@ If correlation matrices are provided directly, they can easily be
easily inserted in HiggsSignals.
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Validation of HiggsSignals with

LHC Run 1 (7 +8TeV) data
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Probing deviations in the Higgs couplings

@ Profile likelihood fits within the Higgs coupling scale factor
parametrization

Coupling scale factors k's (phenomenological descripton)
2 _sMm 2 -SM
gii = ki " Tjj Fr = rp-T7
2 2
KZ,- 0 K,f
2
Ky

= (0 -BR) (ii = H — ff) = (o - BR)*™ (ii = H — ff) -

o Tree-Level Couplings:
RzZy KW, Kus Rds Re
@ Loop-induced couplings:
Ky Kg
@ No model independent determination of x4 at the LHC.
— Additional assumption to remove one dof:
- No decays into states of new physics (NP)
- |&v| <1 ( well motivated by many BSM models)
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Validation of HiggsSignals with Run 1 data

Inputs to HiggsSignals J

— T

Run-1 Combination Input All 1 measurements (Run-1)
from ATLAS and CMS
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Validation of HiggsSignals with Run 1 data

ATLAS and CMS —e— Observed +1o
LHC Run 1 Th. uncert.
" »>- e - —e— b
o | —— i ; :
ww -5 e Jo— (o= T
rr —— o —— | e— =t
bb ; : . o .
0% 0 05 1 15 05 0 05 1 15 4 -2 0 2 4 6 8 4 2 0 2 4 B8 8 4 -2 0 2 4 6 8
agF VBF WH ZH ttH

o - B norm. to SM prediction

JHEP08(2016)045 [arXiv:1606.02266]
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Validation of HiggsSignals with Run 1 data

Inputs to HiggsSignals J

— T

All i measurements (Run-1)
from ATLAS and CMS

Run-1 Combination Input

@ combined o - BRf measurements.

ATLAS and CMS. p—
LG i Al e R B
" - ] . -
z - S
ww - e o | jp— | ——
—— | i |
o + =5
P ver wi z.i Cw
B o, to SM predicton

JHEP08(2016)045 [arXiv:1606.02266]

HiggsSignals-2
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Validation of HiggsSignals with Run 1 data

ATLAS and CMS LHC Run 1

E) Y 000 -025 -001 0.00 0.001-003 000 0.00 0.00 -0.14 0.00 000 000001 001 0.00 000 %-?
é’“%—» zz -0.01 -0.26 -0.01 -0.0130.00 0.00 0.01 o.océouo 001 0.01 000 :0.00 -0.08 -0.02 -0.02 0.8 X_
) WW |o.00 0.00 -0.16 0.00:0.00 -0.07 0.02 0.00 :0.00 -0.07 0.01 0.00:0.00 0.01 0.00 0.01 : b__
TT{0.00 001 001 -0.37:0.00 003 -0.25 0.00 1000 001 -0.21 000 :0.00 000 0.00 0.01 ‘m
VY |-0.25 -0.01 002 002 0.02:0.00 000 0.00 0.00 0.00 0.00 i-0.01 0.00 0.00 0.00 0.6 >b<'_
L ZZ|-001-026 0.00 0.01:002 0.02 0.02:0.00 0.00 0.00 0.00 0.00 0.00:0.00 0.04 0.01 001 E
> WW|[0.00 -001-0.16 0.01:002 002 0.08:0.00 0.00 0.00 0.00 0.00 0.00:000 000 0.00 -0.01 —0-4 ) 1)
TT[0.00 -0.01 0.00 -0.37:0.02 0.02 0.03 001 0.05 0.0010.00 0.00 0.04 0.00:0.00 0.00 0.00 -0.01 \un-
VY |-0.03 000 0.00 0.00:000 000 000 0.00 000 0.00 0.00 -064 0.00 0.00 000 :-003 0.00 0.00 000 —0.2 AS

° Comb T WW 000 000 -0.07 0.03:000 000 0.00 -0.01

-0.12 0.01 0003000 000 0.00 0.01
; TT[0.00 001 0.02 -0.25:0.00 0.00 0.00 0.05:0.00 0.02 -0.02 0.00:0.00 0.01 0.00 000

bb|0.00 000 000 0.00:0.00 0.00 0.00 0.00:0.00 0.00 0.00

7YY |-0.14 000 0.00 0.00:0.01 0.00 0.00 0.00 -0.64 0.00 0.00

T WW (000 001 -007 001:000 000 0.00 0.00:0.00 0.00 0.00
N 2t|o00 001 001 021000 000 000 0.04}000 0.00 0.00

bb[0.00 000 0.00 0.00:000 000 0.00 0.00:0.00

YY | 001 000 0.0 0.00:-0.01 0.00 0.00 0.00 :-0.03

I WW 0.01 -0.08 0.01 0.00:0.00 0.04 0.00 0.00:0.00 0.00 0.01 0.00 0.01
= —-0.8
- TT|0.00 -0.02 0.00 0.00:0.00 0.01 0.00 0.00:0.00 0.00 0.00 0.00 0.00 0.00 :0.00 0.00
bb|0.00 -002 0.01 0.01:000 001 -0.01 -0.01:0.00 0.01 0.00 0.00 :0.00 0.00 0.00 0.00 :0.00 0.01 0.00
T ZZWW T 77 ZZWW T 77 WW T bb 7T WW T Bb 7T WW T bb 1
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Validation of HiggsSignals with Run 1 data

Inputs to HiggsSignals J

— T

Run-1 Combination Input All 1 measurements (Run-1)
from ATLAS and CMS

@ combined o - BRf measurements.

@ Corr. matrix from combined fit.

ATLAS and CMS
LHC Run 1

A i Y

JHEP08(2016)045 [arXiv:1606.02266]
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Validation of HiggsSignals with Run 1 data

Inputs to HiggsSignals ]

— T

All i measurements (Run-1)
from ATLAS and CMS

Run-1 Combination Input

@ combined o - BRf measurements.

@ Corr. matrix from combined fit.

T amas

ATLAS and CHS ]
unl o JLot=4sm’s=7Tev |

LHC .

fe—  fLot-203m" 5-8Tev |

ATLAS and CMS LHC Run 1 H = yr.m, = 1254 Gev

0
Signal strength

oF  VeF | wWH o zw M

JHEP08(2016)045 [arXiv:1606.02266] [arXiv:1407.0558,arXiv:1408.7084,arXiv:1408.1682,...]




Validation of HiggsSignals with Run 1 data

Kz Assumption:

no new Higgs decay modes,
BR(H — NP) =0

KW

@ Very good agreement to the
official ATLAS + CMS result.

o Official 1 and 20 intervals are

I 1y Y

HEHH M m HE 4l

Il slightly smaller in almost all
parameters.
|5l
I BR(H - NP) =0
9

= Hs-2 combined
® Hs-2 individual
* ATLAS+CMS comb.

10 interval

‘ KA"" — 2ointerval

—2 —15 -1 —05 0 05 1 15 2 25

Tobias Klingl
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Validation of HiggsSignals with Run 1 data

0.0 0.2 0.4 0.6 0.8 1.0 .
Assumption:
BR(H — NP) Upper limit on kv, |ky| <1
) - - (V=W,2)
Kz -— —u
— g
. - - @ Very good agreement to the
— —* official ATLAS + CMS result.
i - ——— o Official 1 and 20 intervals are
| slightly smaller in almost all
Il —— parameters.
[ S - @ ATLAS + CMS find tighter
BR(H ~ NP) 20 constraints on BR(H — NP)
. » 1s-2 combined -
ol s vecs v --r = Possible explanation:
L J ATITAS+CMScomb. p -
oyl HT o = HiggsSignals assumes
e Gaussian uncertainties.
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CP mixing scenario

LHC Run-1 (7 + 8 TeV)+ Tevatron
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Spin 0 particle my be either

@ Pure CP even

SM-like
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Spin 0 particle my be either

@ Pure CP even o Pure CP odd

SM-like
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Spin 0 particle my be either

@ Pure CP even o Pure CP odd o Mixture

SM-like

@ CP mixing in the Higgs Sector can appear in many
extension of the SM, e.g.
- 2HDM
- SUsy
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Higgs couplings and CP properties

@ SM predicts the couplings of the Higgs to massive particles

LM = —q1YuurH — qrYadrH —£,YlgH + h.c. J

@ Example: SM coupling to 7: 7. Y ,7rH ‘
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Higgs couplings and CP properties

@ SM predicts the couplings of the Higgs to massive particles

LM = —q1YuurH — qrYadrH —£,YlgH + h.c. J

e Example: SM coupling to 7: 7 Yj7rH

o CP-odd Higgs coupling to 7: 7. Y/ TrA °
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Higgs couplings and CP properties

@ SM predicts the couplings of the Higgs to massive particles

LM = —q1YuurH — qrYadrH —£,YlgH + h.c. J

e Example: SM coupling to 7: 7 Yj7rH

- @

o CP-odd Higgs coupling to 7: 7. Y/ TrA
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Parametrization

@ ® can be a mixture of a CP even scalar H and a CP odd
pseudoscalar A

® = cosaH +sinaA J
Modified Yukawa Lagrangian: [arXiv:1211.1980]
CPeven = Ly =— kU YuurH — kg d YadrH — ki, YelrH
CPodd — — iRy ULYuURA — ikg,dLYadrA — il YilrA

+ h.c.

k's: Strengths of the couplings relative to the SM

@ SM corresponds to: o = Kup =

Ku. = Kd. = Kkp. = 1

S
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Modifications to tree-level partial decay widths

Pure CP even scenario J

b=H

Examples for tree-level partial decay widths

(4
-
<
<

I

=

[
-
%
N

Il

=

[arXiv:1211.1980]

Il
X
SN SN <N

(4
-
o
isal
Il
=
[N
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Modifications to tree-level partial decay widths

CP mixture scenario
® = cosaH + sinaA J

Examples for tree-level partial decay widths

VY 2 2
o TSM — K + COS™ «v

rVV v

11— 12 . enc2 2 cin2
° s = K, * €OS Oé—Fh%p sin® «

[arXiv:1211.1980]

g 2 cc,.2 : 02
® & = Ky, - COS a+ R Ky, = sin® a

° o5 — k2 . cos2a + Rbb.2 . cin2 o (QCD gorrectlons
rgéV’ ds dp R~ 1)

= fit parameters: BR(H — NP),a, kv, ke, Kty Kugs Fuys Fds K,
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Simple example with SM scalar couplings

@ Using individual & measurements from LHC (7 4+ 8 TeV) + Tevatron as
input to HiggsSignals

@ Free parameters: cosa, Kf,, Ky = k. = L.

@ No decays into states of new physics: BR(H — NP) = 0.

15.0

13.5
20 SM
cos(a) I}& — Fit 12.0
lo 8k
10.5
0.8 0.85 0.9 0.95 1
6l 9.0
K, S 7.5 .
Iy g AXz
Ar 6.0
0 2 4 6 8 10
15
2 o
K 30
lo -
; ; 15

0.5 0.75 1 1.25 1.5 l) 5 0.6 [l.7 0.9 1.0

o 2, /ndf = 69.3/84 = P = 87.6%

K,

0.0
cos(a)

@ flat 1dimensional Ax? profile for Kf,
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Probing Yukawa structure

! [
° OZ,BR(H — NP)7I€V;Husv"idsaﬁfsv"{up7/€dp7mfp BR(H — NP) v
0.0 0.1 0.2 0.3 04 0.5 0.6
H\/‘ <1 Aereerfernser o

cos(a)

@ Assumption:

@ Kg, Ky, Kz~ derived Ky

- Couplings to pseudoscalar component flat.

ias Klingl Probing Higgs CP properties with Higgs signal rates using HiggsSignals-2



Probing Yukawa structure

@ a,BR(H — NP), kv, Ku,, Kd,, e, Kuys Kd,» Kt

@ Assumption: |ky| <1 BR(H — NP)

® Kg, Ky, kzy derived
cos(a)

- Couplings to pseudoscalar component flat. v

- Deviation from pure CP even Higgs still
compatible with data.

- Negative values for x,,_ strongly disfavored
(H- effective coupling (kv > 0)).

- Sign degeneracy of kg, slightly broken R,
(kg is sensitive to relative sign of k¢, kp).

- Vanishing kg, kg, compatible with data. "

= X2,,/ndf = 68.6/77 = P = 74.2% kn
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Probing Yukawa structure

15.0 15.0
8 3
135 135
. O sMm
6 12,0 2 Y% Best — Fit | | 12.0
4 10.5 105
1k
2 9.0 9.0
s 0 7 , 0 75 ;
g NG A
9 6.0 6.0
1t
4 15 15
. ol
—6 3.0 3.0
s - 15 L | 15
=20 -15-1.0-05 0.0 05 1.0 15 20 25 220 15 1.0 =05 0.0 2.0
0.0 0.0
Ky, Kd,

@ Vanishing couplings to scalar Higgs component can be
compensated by non-vanishing coupling to the pseudoscalar
component.
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Comparison: predicted signal rates <> measurements

Predicted signals rates of the best-fit point.

h—WW (v (VBF) [8 TeV]
B WW vl (ggF) 8 TeV
Vh=VWW (2() [8 TeV]
Vh—VWW (3() [8 TeV]
VhVIWW (46) [8 TeV,
Ii—2Z—4( (VBF/VH) |8 TeV
Z—4( (ggH) [8 TeV]
(central, high-pr.) (8 TeV'
>~ (central,low- 77 )18 TeV
Ji= (forward high-pr.) (8 TeV]
h—4~ (forward, low-; 1)“' 8 TeV]
i (VBFloose) 8TV
h=+y (VBRight) [3 Te\’
47 (VH,E=%) (8 TeV|
(VH.dijet BTV
o ¢
herney (m-(lhadv: 8 TeV]
I (Hhiep) 5 TV
h—r7 (VBFhadhad)
77 (boosted hadhad) |8 Tc
e ( had)
(boosted, lephad|
hi=>7r (VBFleplep) |
Ji—77 (boosted,leplep)
Vs Vb (06)
VhoVbb (1) [8 TeV]|
Yoy (20) |8 TeY
111> multilep. (1127,) |8 TeV'
tth— multilep. (2007,) [8 TeV
1t~ multilep. (2/17,) |8 TeV'
1th—> multlep. (3() 8 Tev
1th-» multlep. (16) |8 Te
tth—tt(bb) [8 TeV]

JH

AW
[
I

hsbh

W

Vi Vih
thsttbb

s W Wty (0/15)
Wty (VBF)
VA VW =202 +2
Vi VI

Whs WV 363y

+++ (untagged 2)
7H~ untagged 3)

VBF.dijet 0)
VBFdlje\)l)

VH, aqen)

(
(
(
i
(VH,
7 (
(
(
h—++~ (untagged 0)
=7 (untagged 1)
=7 (untagged 2)
=7 (untagged 3)
=7 (untagged 4)
~ (VBF,dijet 0)
(VBF,dijet 1)
(vstue‘z)
(VH, EF=)
ot
7 (
(
(

tH,multjet)
+77 (ttH,lepton)

e (SS)
tth—3(
e
tth—tt(yv)
st
thstt(ih)

Fit parameter

best-fit

BR(H — NP)
cos(a)
Ky

s
u

S
Ka

K

s
]
K
P
Ka

P
"
X

0.0
0.984
0.967
0.915
0.815
0.514
0.125
0.125
7.744

68.6




Comparison: predicted signal rates <> measurements

Predicted signals rates of the best-fit point.
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Comparison: predicted signal rates <> measurements

Predicted signals rates of an alternative (non SM-like) point.
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@ HiggsBounds and HiggsSignals are excellent tools for confronting
theory vs. experiment (also for extended Higgs sectors).

@ Transparent information about signal efficiencies ¢; and correlations
of systematic uncertainties is very valuable!

@ Good agreement between HS-1 and official ATLASH+CMS result.

@ Non-vanishing CP-odd component of the Higgs is still allowed by
signal rates. At 20 cos(«) down to 0.8 is still compatible.

Next Steps:

@ Redo CP fits using ATLAS+CMS combined input(+ additional
parametrizations)!

Available at http://higgsbounds.hepforge.org!

Tobias Klingl Probing Higgs CP properties with Higgs signal rates using HiggsSignals-2


http://higgsbounds.hepforge.org!

@ HiggsBounds and HiggsSignals are excellent tools for confronting
theory vs. experiment (also for extended Higgs sectors).

@ Transparent information about signal efficiencies ¢; and correlations
of systematic uncertainties is very valuable!

@ Good agreement between HS-1 and official ATLAS+CMS result.

@ Non-vanishing CP-odd component of the Higgs is still allowed by
signal rates. At 20 cos(«) down to 0.8 is still compatible.

Next Steps:

@ Redo CP fits using ATLAS+CMS combined input(+ additional
parametrizations)!

Available at http://higgsbounds.hepforge.org!

Thanks for your attention!

Tobias Klingl Probing Higgs CP properties with Higgs signal rates using HiggsSignals-2


http://higgsbounds.hepforge.org!

Backup: Lagrangian explizit

L = Y/‘JC‘IQ_LinRj - Y,j-JQ_L,-:‘:/uRj - Y”L_L,-HKRJ- + h.c.
YIQuiHdr; =

Tobias Klingl Probing Higgs CP properties with Higgs signal rates using HiggsSignals-2



ackup: Combined measurements

Production Decay mode
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Backup: Covariance matrix

ATLAS and CMS LHC Run 1
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ackup: 2D Plots
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