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

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

= possible deviations in the couplings/signal rates from the SM Higgs,
and additional Higgs states may be discovered in future LHC searches.
= model-independent tools to confront:

Theory predictions

=
vs. Experimental results
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@ Thus far, the discovered Higgs boson is in good agreement with the
Standard Model (SM) prediction.
@ Many well motivated BSM theories feature an extended Higgs sector.
= possible deviations in the couplings/signal rates from the SM Higgs,
and additional Higgs states may be discovered in future LHC searches.
= model-independent tools to confront:

precise predictions of Higgs HiggsSignalsJ precision measurements of
signal rates and Higgs mass Higgs signal rates and mass

Theo
<
vs. Exp
predictions for additional Higgs . searches for additional Higgs
states H 128S Bounds states

@ Current version: HiggsSignals-1.4.0 (HiggsSignals-2.1.0beta)

@ Website: http://higgsbounds.hepforge.org.

@ Documentation: [arXiv:1305.1933], [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
i€ {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 =

(zero-width approximation (o - BR)(i — f) = Z-'£ 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:
mk,r?t, U;(pp — Hk), BR(Hk — XX),

with k = 1,..., N and (i € {ggH, VBF, WH, ZH, ttH, ...}).
o, BR given via effective couplings or at hadronic level (using
the HiggsBounds framework).

e Optional: Uncertainties for my, oi(pp — Hi), BR(Hkx — 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
[CMS-PAS-HIG-16-020]

"pure’ signal channels
[ATLASHCMS 7/8 TeV, 1606.02266]

+ signal efficiencies (if given)

CMS Preiiminary 12.9 fb" (13TeV)
T T T T T T
| How B combined + 1 ATLAS and CMS —e— Observed 1o
o8 LHC Run 1 Th. uncert.
Uniagged 0 | 095 7/ —  —=— Per category + 1o T - -
Uniagged 1 H o e e " »- e AR TR o e
sm - H i
Untz d 2 +021 - _._.:
o Heombinea = 095 Ja1 N 7z - !
Uniagged 3 - ) i : i
99! m, Profiled | ww - o - | —— I ——
VF Tag0 - ! ' ] ! !
VBF Tag 1 L e . o | i b ‘
TTH Hadronic Tag | 2.10 - bb + o -+
TTH Leplonc Tag | 115 —— ‘ ‘ 50 05 115 65005 115 4002468 te02468 1202458
2 0 2 0 5 g 9oF VBF WH ZH ttH
il & - B norm. to SM prediction

+ 20 x 20 correlation matrix

Tobias Kling!
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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:
. . y y e
experimental categories pure’ signal channels
[CMS-PAS-HIG-16-020] [ATLASHCMS 7/8 TeV, 1606.02266]
CMS Profiminary 12.9 fo (13TeV)
T T T T T T
Hory B combined + 1 ATLAS and CMS —e— Observed & 1o
Untagged 0 | 095 ¢ —&— Per category + 1o LHC Runit; e
o [SM 125GeV Higgs bor ted signal 1 . : B : o
N o | SM125GeV Higgs boson expected signal
Untag || Event Categories [pio ook T wbf | wh | zh & MEEE 5= S
| Untagged Tag 0 | 1192 | 79.10% | 7.60% | 7.11% | 359 % | H H
Uning Untagged Tag 1 | 128.78 | 85.98% | 7.38% |3.70% | 2.12% . - H —
ver Untagged Tag 2 | 220.12 | 91.11% | 501% | 218% | 1.23% H :
Untagged Tag 3 | 25850 | 92.35% | 423% | 1.89% | 1.06% H H : :
VeF VBFTag0 | 935 |29.47% | 69.97% | 0.29% | 0.07% b1 - e Bpame ="
VBFTag1| 1555 | 44.91% | 5350 % | 0.86% | 0.38 % i 3 | | :
TTHHadror || TTH Hadronic Tag | 242 | 16.78% | 128% |252% | 2399 bb b b o
oo || TTH LeptonicTog | 112 | 109% | 008% e 05 0 05 115 05005 115 4202468 4202468 42024568
- — : - 90F VBF WH ZH ttH
] - B norm. to SM prediction
. i . .
. i€
Valuable Information! Interface: (' = Smodel + 20 x 20 correlation matrix
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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 kown):
_ 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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HiggsSignals: Observables

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

I WW oty (VBF) [8 ATLAS —— cMs o 8 TeV) s WVt (0/1))
W1V (i (9F) ot ——r 8 TeV ] s W W vl (VBF)
Vh-VIWW (%) [8 Te —_— 8 TeV] VA VIV I =220 + 25
ViV (30) [8 —_——y o R = — 8 TeV] VA VIV
. 7\'h 4/\“\!/;;/%; m— — 8 TeV] Wh—IWIW W 3630
h— 27 ——— 8TeV] s 2Z4( (0
i = = ez
s+ (central, high-pr) ——l 7 TeV] s (antoc
I (central low-pr.) [§ —— = |[[TeV] /=1 (untagged 0)
=+ (torwardhigh-pr,) —_— i (untagged 1)
I+ (forward,Jow-pr) [3 —— fi—77 (untagged 2)
" + (untagged 3)
fro (VBFjoose) ——
h—s++ (VBFtight [a—— Ezg:‘le:?)
e
=7 (VH,dijet) [3 RN U — 173 (VR )
h—y (VH,10) [8 —_—— hy [\/Hdue()
=57 (ttH hadr.) + (VH loose)
1= (ttH Jep. i1 (1tH,tags)
hi-s77 (VBF.hadhad) —_— —— + (untagged 0)
ii=7 (boosted,hahad) [ i untagged 1)
h—77 (VBFlephad] —— i + (untagged 2)
(boosted.lephad —_—— . untagged 3)
(VBFleplep) —_— EER - =+ (untagged 4)
(boosted.eplep —_— —— S TeV] -7 (VBFdijet0)
VA Vb (0F — i1 (VBFdijet 1)
VsV (1) —— VeFdie 2
ViV (2) e —_—— 7 (VBFdiet2)
tth— multilep. (1¢27:) [8 e 7 (VHLEE™)
i multilep. (2(0r,) |8 —_— - (VH et
1th— multlep. (2/17,) I - —
tth multlep. (3/) _ (
#th— multilep. (4¢) [8 ~ (
tth—>tt(bb) [8 TeV ——rif o ;H‘" (ttH,lepton)
V] hsup
B
V] 112 (SS)
tth—3(
- tth—4(
V] tth—tt (-
Vh—Vbb y tth—tt(rr)
tth—sttth | CDF jind I V] th—stt(bh)
-1 0 1 3 i 10 1 2 3
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Validation of HiggsSignals with LHC Run 1

data
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Validation of HiggsSignals with Run 1 data

@ Try to reproduce 7 or 8-dimensional r-fit of ATLAS4+CMS Run 1
combination with HiggsSignals, using two different exp. inputs.

Coupling scale factors k's (phenomenological descripton)

0;;2143?'0;-?”’, rfrIIﬁ:?'r‘fS-fM
= (0-BR) (i — H — ff) = (¢ - BR)™ (ii — H — ff). 2L f

o Profile likelihood fits within the Higgs coupling scale factor
parametrization: Kz, Kw, Ku, Kd, ki, Kg, Kry

up—typc)je —
-t .
own ypfeptons loop-induced

@ No model independent determination of x4 at the LHC.
— Additional assumption to remove one dof:

- No decays into states of new physics (NP)
- kv <1 (well motivated by many BSM models)
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Validation of HiggsSignals with Run 1 data

@ Try to reproduce 7 or 8-dimensional r-fit of ATLAS4+CMS Run 1
combination with HiggsSignals, using two different exp. inputs.

Inputs to HiggsSignals ]

-— 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

@ Try to reproduce 7 or 8-dimensional r-fit of ATLAS4+CMS Run 1

e - e .

ATLAS and CMS —e— Observed +1o
LHC Run 1 Th. uncert.
bt} »- S k- — =
z bl B e 3 f ?
ww -5 e Jo— (o= T
rr —— o —— | e— =t
bb ; . o .
05 0 05 1 15 05 0 05 1 15 4 -2 0 2 4 6 8 4 -2 0 2 4 8 8 4 -2 0 2 4 6 8
ggF VBF WH ZH ttH

o - B norm. to SM prediction

JHEP08(2016)045 [arXiv:1606.02266]

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



Validation of HiggsSignals with Run 1 data

@ Try to reproduce 7 or 8-dimensional r-fit of ATLAS4+CMS Run 1
combination with HiggsSignals, using two different exp. inputs.

Inputs to HiggsSignals ]
— .

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

Run-1 Combination Input

@ combined oj - BRf measurements.

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

e Try ATLAS and CMS LHC Run1___ 1

x < —~
con m Y 0.00:-025 -0.01 0.00 0.0 :-0.03 0.00 0.00 0.00 -0.14 0.00 0.00 000:001 0.01 0.00 000 —ED ts
X ) .
oL 2z -0.01-0.26 -0.01 -0.01:0.00 0.00 0.01 0.00 :0.00 0.01 0.01 0.0 :0.00 -0.08 -0.02 -0.02 0.8 X
(*)] H .
D WW [0.00 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 ©

)

1T|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 0 6C>D<
VY [-0.25 -0.01 002 002 0.02:000 0.00 0.00 0.00 0.00 0.00:-0.01 0.00 0.00 0.00 T o”
-~
IE-IS ZZ|-001-026 0.00 0.01:002 0.02:0.00 000 0.00 0.00 0.00 000:000 0.04 001 001 0.4 [=%
> WW /000 -0.01-0.16 0.01:0.02 0.00 000 0.00 0.00 0.00 0003000 0.00 0.00 -0.01 : ) 1
\un-
TT|0.00 -0.01 0.00 -037:0.02 002 -0.01 0.05 0.00:000 0.00 0.04 0.00:0.00 0.00 0.00 -0.01 0.2
7YY |-003 000 0.00 0.00:000 0.00 0.00 0.00 000 0.00 0.00 064 0.00 0.00 000 -0.03 0.00 0.00 0.00 : 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
agF VBF WH ¢ ZH ttH ]
oxB

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

@ Try to reproduce 7 or 8-dimensional r-fit of ATLAS4+CMS Run 1
combination with HiggsSignals, using two different exp. inputs.

Inputs to HiggsSignals ]
— .

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

Run-1 Combination Input
@ combined oj - BRf measurements.

@ Corr. matrix from combined fit.

ATLAS and
LHC Run 1

M
peilaas

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

@ Try to reproduce 7 or 8-dimensional r-fit of ATLAS4+CMS Run 1
combination with HiggsSignals, using two different exp. inputs.

Inputs to HiggsSignals ]

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

@ combined oj - BRf measurements.

@ Corr. matrix from combined fit.

ATLAS and CMS
LHC Run 1

JHEP08(2016)045 [arXiv:1606.02266] [arXiv:1407.0558,arXiv:1408.7084,arXiv:1408.1682,...]
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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
) BR(H — NP) =0
|5g] -
= Hs-2 combined
& pHs-2 individual
# ATLAS+CMS comb.
‘KA/‘ = 17 interval

— 2ointerval

—2 —15 -1 —05 0 05 1 15 2 25

Tobias Kling!
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Validation of HiggsSignals with Run 1 data

0.0 0.2 0.4 0.6 0.8 1.0 Assumpt|0n
BR(H — NP) Upper limit on kv, |ky| <1
) - — (V=W,2)
hZ :_ __-’
) - —— @ Very good agreement to the
w —— —=a -
— —* official ATLAS + CMS result.
K - ——— o Official 1 and 20 intervals are
» | slightly smaller in almost all
—
" ——— parameters.
wel | = @ ATLAS + CMS find tighter
[kv] <1 ——
BR(UT — NP) 20 constraints on BR(H — NP)
. » 1s-2 combined -
ol s vecs v --r = Possible explanation:
@ ATLAS+CMS comb. p N
(N Y o = HiggsSignals assumes
e Gaussian uncertainties.
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Constraining possible CP mixing of the Higgs

boson with Run 1 data
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Spin 0 particle may be either

@ Pure CP even

SM-like
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Spin 0 particle may be either

@ Pure CP even @ Pure CP odd

SM-like

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



Spin 0 particle may be either

@ Pure CP even @ 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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Pure CP even scenario

b=H )
Yukawa Lagrangian:
LM =~ wYMugH —  diYiMdpH —  0YMeRH

v
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Pure CP even scenario

Yukawa Lagrangian:

L0 = — r Y MugH = rgd Y7 drH — kY ErH

v

Examples for tree-level partial decay widths

rTw _ 2 ®
@ &Ly =K\, . Zm__
SM
rVV 4
o [ = K3
TT
o I =K
cc
M5 2
® mm = Ry
bb
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CP mixture scenario

® = cosaH + sinaA

Modified Yukawa Lagrangian: A.Freitas, P.Schwaller; 1211.1980
grang
P even — LT = — kY MugH — ko d YIMdrH — kol YPMIRH
CP odd — — ik UL Y MuRA — itg,dL Y M drA — kg €LY MERA + h.c.
v

Examples for tree-level partial decay widths

vy 2 2 >
e W — gt .cos’ax2___
SM
rVV 4
rTT — 2 . 2 2 . ql 2
) s = Ky, - COs a—&—% sin“ «v
o et — k2 .cos?a + RCK2 -sina (QCD Corrections
raz s p Ril ~ 1)

2 2 bb,2 o2
o by = Ky, - Cos a+ R Fig, - Sin“a
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CP mixture scenario

® = cosaH + sinaA

Modified Yukawa Lagrangian: A.Freitas, P.Schwaller; 1211.1980
grang
P even — LT = — kY MugH — ko d YIMdrH — kol YPMIRH
CP odd — — ik UL Y MuRA — itg,dL Y M drA — kg €LY MERA + h.c.
v

Examples for tree-level partial decay widths

vy 2 2 >
e W — gt .cos’ax2___
SM
rVV 4
rTT — 2 . 2 2 . ql 2
) s = Ky, - COs a—&—% sin“ «v
o et — k2 .cos?a + RCK2 -sina (QCD Corrections
raz s p Ril ~ 1)

2 2 bb,2 o2
o by = Ky, - Cos a+ R Fig, - Sin“a

Fit parameters: BR(H — NP),a, kv, Ku,, Kty Kug, Kup, Kdys Fd,
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Simple example with SM scalar couplings

@ Only two free parameters: cos, ki,
@ Ky = kr = 1.

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

5

o 135
cos(a) l 120
0.8 105
9.0
Ky, 75 Ayt
b 6.0
5
20 ’
KH 3.0
1o
15
0.5 0.75 1 1.25 1.5 0
0.0
2 o o 0 cos(ar)
o X2, /ndf = 69.3/84 = P = 87.6%.

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

@ ATLAS + CMS combination input

@ o,BR(H — NP), kv, ku,, Kd,, Kt,s Kuy» Kd,» e,

@ |ny| < 1; kg, Ky derived




Probing Yukawa structure

@ ATLAS + CMS combination input

BR(H — NP)
@ o,BR(H — NP), kv, ku,, Kd,, Kt,s Kuy» Kd,» e,
. cos(a)
@ |ky| < 1; kg, Ky derived v
- Couplings to pseudoscalar component flat. .
- Deviation from pure CP even Higgs still K,
compatible with data. .
ls
- Negative values for x,, strongly disfavored
(H-v effective coupling (kv > 0)). Fiu,
- Sign degeneracy of kg, slightly broken Ky
(kg is sensitive to relative sign of K¢, kp). K,
- Vanishing ky,, kg, compatible with data. B
g
E'Y
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Comparison: Run 1 combination vs. p input

0.0 0.2 0.4 0.6 0.8 1.0
@ Insensitive to pseudoscalar scale factors | p—
. BR(H — NP)
— dropped in plot.
@ up-type, down-type and lepton scale kvl <1 ——-
. 08 —=u
factors — consistent result! cos(@) t prir o vy 0
@ Hs-2 combined
@ HS finds tighter constraints on e ndvidial ——
. Ry = 1o interval
BR(H — NP), cosa and ky with YT 2 nenal ™
individual y input.
. —————
= Compare to pure CP even scenario. s "
@ Constraint on possible CP mixing
Combination input: cosa > 0.8(0.68) Fds
Individual g input : cosa > 0.9(0.81)
at 1o (20) CL. .
—1.5 -1 —0.5 0 0.5 1 1.5
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Validation of 13 TeV data
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Signal efficiencies: Performance of CMS H — ~+ 13 TeV results

Comparison: HiggsSignals (colored) vs. official (gray) fit results.

_ CMS u(H —» yy) at /s =13 TeV. 25 CMS u(H —» yy) at /s =13 TeV. 2 CMS u(H —» yy) at /s =13 TeV.
ST IS — 1 - — 1 ' 2 N N — 1
g ---t 20 2001-== 20 /; W --st 20
£ *  bestfit || % pestiit 18 *  bestfit
30 * sMm L e sm \ * sMm
25 1.0 v
10 )
20 B
05
00 .
L0 05
0.5 p:
0.5 -
(i 1 20 bo oz 61 1T 16 (i 3 0 15 20

[CMS PAS HIG-16-020]
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Signal efficiencies: Performance of CMS H — ~+ 13 TeV results

Comparison: HiggsSignals (colored) vs. official (gray) fit results.

_ CMS u(H —» yy) at /s =13 TeV. 2 CMS u(H —» yy) at /s =13 TeV. 2 CMS u(H —» yy) at /s =13 TeV.
£ 40 — 1o - 1o ! v, “ fS J——

g ---t 20 2001-== 20 /; W --st 20
£ *  bestfit || % pestiit 18 \ *  bestfit
30 * sMm L e sm \ * sMm

25 10 !
1 \
20 .
05
5
00 i
10 05
0.5 p:
0.5 -
0.0 L5 2.0 -t 0.0 0.2 0.4 14 16 0.0 0.5 10 15 2.0
-
Without Signal efficiencies: [CMS PAS HIG-16-020]
CMS p(H — yvy)at /s =13 TeV. a5 CMS u(H —» yy) at /s =13 TeV 9 CMS u(H —» yy) at /s =13 TeV.
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= Signal efficiencies contain very valuable information!
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Simplified Template Cross Sections (STXS)

@ left: Experimental measurements (similar to Runl coupling measurements)
@ centre: STXS (from experimental categories by global fit)

@ right: STXS serve as input for subsequent interpretations.
[LHC HXSWG, YR4, 1610.07922]
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STXS performance of ATLAS H — ~y 13 TeV results

@ ATLAS presented 9 STXS together with a correlation matrix.
= Use with HiggsSignals and compare with offcial fit results!

L Vs=13 TeV, 36.1 fb”'
) 1=
ATLAS Preliminary ,~ 7, m, =125.00 GeV o s
A <
ATLAS Preliminary [ Hos%
ok oah (1 et 5 <60 eV | 022 ] ,
Vs=13TeV, 36.1 fb —los6
oM (6060 =p2<120Gew) | 018 008 - H— vy, m =12509 GeV
ggH (1 jet, pt <60 GeV) (— —_—— —04
904 (1t 120 45 <200GeV) | 043 022
agH (1 jet, 60 = pF < 120 GeV) |- _— -2
™ w2 | 04 047
—0
ggH (1]et, 120 = pf <200 GeV) |- —_— e 99 Hag (8, <200Gev) | 007 0.00
—-0.2
gk 00— aq Eowake) | 008 008
gaH (= 2jet) — — ™
agH-0q g EsMke) | 008 007
qq — Hag (p), <200 GeV) — —— 08
Vi Goptenc) | 002 001
08
ggH + qq — Hqq (BSM-like) — —_—— p [ 000 -005 -001 004 -005 -000 -000 000 004
-
E 3§ %3 3 & § ¥ § § s
$ & & & & & £ £
N s B
VH (leptonic) 3 8 % % H % z 2 ;g
g ow ow ¢ § ¥
R I
top [— - : & 8 Tog g
[ S U B B B = I : 3 %
SM prediction 05 0 05 1 15 2 25 8 3

Measured ¢ x BR normalized to SM

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



STXS per

rmance of ATL

H — v~ 13 TeV results

ATLAS p(H > yy) at /5 = 13 TeV ATLAS j(H > yy) at /5 = 13 TeV. ) ATLAS ju(H > 7y) at /5 = 13 TeV.

g & T 4 2
a5 — o — 1o / — 1o
£ 14 .
; --- 20 - 20 ; : --- 20
= 30 *  best fit 12 best fit i ] *  bestfit
& ¢ SM * SM / : ¢ SM
x R 10 2 2 b4 5
RE X 08 3 L0 5

15 ' X 06

10 \ 3 0.4 05

+ 02
— = -+ 0. 0. - =
(] 50 00 150 201 0002 0a 06 o8 10 12 11 16 00 05 10 15 20
O X BR(H = 77) [fb]

STXS: Cross sections are measured in a given production mode. [ATLAS-CONF-2017-045]

Without correlation!
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) [fb]

over x BR(H =

— vy 13 TeV results

ATLAS ji(H — 77) at /5 =13 TeV ATLAS j(H 17 at /s = 13 TeV. , ATLAS ji(H 1) at /s = 13 TeV.
35 J— D p— 4 ; N J—
-2 R ’ : -2
3% *  bestfit o] * bestiit i ] 15 *  bestfit
* SM * sM ! H * SM
IR 10 X
2 08 3 10
15 :' i 0.6
10 Y 3 0.4 0.5
5 AN . 02
0 0
b0z 01T o5 os To 1z 11 16 (i 3 10 15 20

150
g % BR(H =+

201
) [fb]

STXS: Cross sections are measured in a given production mode. [ATLAS-CONF-2017-045]

with correlation matrix (from ATLAS):

ATLAS p(H —y7) at /s = 13 TeV ) ATLAS p(H —» yy) at /s = 13 TeV. ) ATLAS p(H —» ) at /s = 13 TeV
— R B - J—
—e 2 M- 20 -2
* bestfit Ll % bestiit 5 * bestfit
4 SM 4 SM 4 SM
10
08 10
06
04 05
5 02
s 50 00 0 30 bo 0z o1 o5 o8 1o 1z 11 s (i I8 o 5 20
g % BR(H = 77) [fo] Ky Ky

= Significant improvement! First results look promising!




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

@ Good agreement between HS and official ATLASH+CMS result.
@ CP mixing scenario:

- Sizable CP-odd Higgs couplings are still allowed by signal rates.
- Combination input: cosa > 0.8(0.68)
Individual p input : cosa > 0.9(0.81) at 1o (20) CL.

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

@ New experimental input (STXS, ¢ and BR-ratios) is being
implemented and first results look promising.

Available at http://higgsbounds.hepforge.org!
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@ HiggsBounds and HiggsSignals are excellent tools for confronting
theory vs. experiment (also for extended Higgs sectors).

@ Good agreement between HS and official ATLASH+CMS result.
@ CP mixing scenario:

- Sizable CP-odd Higgs couplings are still allowed by signal rates.
- Combination input: cos« > 0.8(0.68)
Individual g input : cosa > 0.9(0.81) at 1o (20) CL.

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

@ New experimental input (STXS, o and BR-ratios) is being
implemented and first results look promising.

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

Thanks for your attention!
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Backup: Fit result: \ parametrization

i —_—
RgZ D
e e — @ Reference channel (o-BR) (gg -+ H — ZZ):
g . 4
hgz = KH
(little background and one the smallest
\ JE— —— overall sys. uncertainties).
tg & .
f— —— @ Probe of production measurements:
— kz — Kkt
- - Azg = o Mg =,
Awz a .
- * @ Decay modes H — ii (i= W, 7, b,7):
iy = i
—_— --- iz
)\"’rZ o 4
- <
—_ — Best fit and 68% C.L.
Az h - HS combined
- <+ & HS individual
< ATL+CMS Combined
— —=
AbZ =
- -
-3 -2 -1 0 1 2 3
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profiles: Individual 1 vs. combination inpu

W input Vs. combination input

)
0.0 0.1 0.2 0.3 04 0.5 0.6

cos(a) cos(a)




Backup: Probing Yukawa structure

15.0 15.0
8 3
135 O 135
. O sMm
6 12,0 2 Y% Best — Fit | | 12.0
4 10.5 105
1k
2 9.0 9.0
g 0 7 , I 0 7.5 5
z NG N
2 6.0 6.0
1t
4 L5 L5
. -2t
—6 3.0 3.0
s - 15 s | 15
—20-15-1.0-05 00 05 L0 15 20 25 =20 -15 —1.0 —0.5 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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Backup: 'ATLAS+CMS combined’ measurement

Production Decay mode
process H— yy[fb] H— ZZ [fb)] H — WW [pb] H — 7T [fb] H — bb [pb]
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Backup: 'ATLAS+CMS combined’ covariance matrix

ATLAS and CMS LHC Run 1
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