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EXPERIMENT

Measurements of Higgs boson
mass, width, and CP with the
ATLAS detector
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IntrOdUCtiOn * Mass mH (free parameter of the Standard

Model (SM))

: . « Strength of interaction with other SM
everyééymaﬂer | exotic_matter | forceAp:_articies (mj;s.giving) stﬂarq model par‘tiCIGS depends On mH
TR AP e Stability of our universe (via the Higgs
u C = reion " 3 potential) depends on mu
ES ﬁ? j . : * Decay width I'4
\ ~ * New physics can alter its value both
e directly (new final states) and indirectly
e M | (virtual particles in the loop)
1R P _
i ‘] j I « Charge-Parity (CP) state
S | i graviton -
e- neutnno p neut ino ‘tneut rino % : c'g_‘ . .
- ) a * Predicted to be pure CP-even in the SM

12ferm|ons +12 anti-matte 5 DOSONS (+1 opposite charged W)
nereas

——— e CP-odd components in the couplings
might explain baryon asymmetry of the
universe
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Phys. Lett. B 847 (2023) 138315 |
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o 1800 -
H—yy mass 3% arias e :
~ - (s=13TeV, 140" = Background -
: 1! L) E 1400 — — Signal + Background 1
e Select events with two “good quality” photons [ - H-oyy 9 9 -
%; 1200 - All categories -
* Classify events into 14 categories according to the properties of 5 1000 In(1+ S/B) weighted sum —
the two photons (conversion status, position of energy cluster, ...) E 8001 -
N n Yo ]
: . . : 600 B —
* Model signal and background using analytic functions 1005 -
e Simultaneous fit of myy data in each category 2001 —
_l | I | | | | | | | | | | | | | | | | l | | | | | | |
0" "f10 720 130 140 150 160
> 0-22:I"I'"I"'I"'I"'I"'I"'I': mYY[GeV]
() 02 ATLAS Simulation U-type, Central Barrel, High p_ = T —— ]
O 0 1.85 Vs =13 TeV O MC == Signal Model . - Peak position depen_ds on my (and photon energy scale systematics!) |
m . :_ B —: ——= — — e —————————————
S 0eF TN My =120 GeY = - — T
— 0_14; —_— A MC —Signal Model = o 800F ATLAS —
‘ = 0.12F | Excellent mvarlant : E S 700 v ToV. 140 b, Hoomr _
C — mass resolution - PR ‘ e O 600 = [ ] Previous calibration E
O 0'15 (~1 GeV) E | Systematic uncertainty | & : Ny e °a:f:ra:f°“’ Wj‘:_"“e"‘_:“" ;
% 0.08 T = x4 smaller thanks to | £ 500;_ e e y—_
0.06 — new calibration % 400F E
< 0.04F = - o 300E I \\\\\ E
T 0.02- = > 200§
N SR o . L i - g 100
) O el el el el ol el el el el el O il ol el ol i ol i ol el ol o
(- Q o 8
< = ©
m,, [GeV] 3 2 Event cate C
! £ s 0 S8 & e B ¢ O
L. Franco - PIC 2024, October 23rd 2024 3 = T~ T = T = ©


https://www.sciencedirect.com/science/article/pii/S0370269323006494?via=ihub

| JINST 19 (2024) P02009 |

Intermezzo: photon energy calibration

* Introducing Et dependence

* enhanced calibration of energy response 1000 of the e/y energy scale

in longitudinal layers of the calorimeter

3
« New ATLAS calibration based on full run 2 3 4OOO>:<—10ATLAS| T |+ Calibrated data _
data 0 8 o tatev. 10w —qreesvc 4 Novel approach: energy
. - . 2 3000 <7 = linearity
* improved descriptions of the calorimeter t -
electronics’ response D 5000 -

+ improved measurement of lateral energy ¢ 1.05- E » Calibration uncertainties
leakage from e/y clusters O e further constrained using
R S E /—ee measurements
80 82 84 86 88 90 92 94 96 98 100
b 0_006 I I L I | L I LI I LI I LI l LI I | L I | L I LI m [Gev] X1 0_3

£ | —Total uncertainty — ADC linearity — Shower width model. i T ———— ——— — ee ST —— —— T ———
Y B Z — eecalib. - L2 gain (MG/HG) - -Conversion reco., class. S R ATLAS -
o) | -0 -.-Mat. ID to PS _ 45 R——
g 0004 7 . Mat, PS to Galo ; ] (s=13TeV, 140" =
P s SE i <0.6 E
S 0-002 "1 | 0.2% average precision | 25 E
> I Canu— I o gy g ) [ CY YT 1\N —
< g e - = co * B
] _ , - e —1E —
—0.002= — - ' ~ = =
= . Full calibration model | = 3
/s = 7 | : : ‘\ —2 Pre-fit calibration model -
0 004_ ATLAS \s =13 TeV __ validated using J/¥ — ee | _3E Post-fit calibration model =
2040 60 80 100 120 140 160 180 200 — 4 6 Jy — eedata E
_5_ AR R N TR TN SR N TN T SO N TN TN SN N TN TR S NN TN TR SO NN SN ST S M

Er[GeV] 20 40 60 80 100 120 140
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02009

H—yy candidate event




02|

fivP/hys. Rev. Lett. 131 ﬁ

1

' ﬂ Editors’ suggestion

|

H-vyy + H—4£ combination

* Combining my measurements
from the two channels with
best mass resolution

 Combining with old results
from run 1

* Unprecedented precision
thanks to ATLAS commitment
to understanding the detector
and its performance

125.11 £ 0.11 (+ 0.09) GeV

L. Franco - PIC 2024, October 23rd 2024

ATLAS e+ Total Stat. only | Combination
Run1: /s =7-8 TeV,25fb~!, Run 2: \/s = 13 TeV, 140 fb~!
Total (Stat. only)
Run1 4 — vy ® 1 126.02 + 0.51 (+ 0.43) GeV
Run1 H — 4/ | ® | 124.51 + 0.52 (+ 0.52) GeV
Run2 H — vy —e—i 125.17 £ 0.14 (£ 0.11) GeV
Run 2 H — 4/ I—O—II 124.99 + 0.19 (+ 0.18) GeV
Run 1+2 H — ~v 125.22 + 0.14 (+ 0.11) GeV
Run 142 H — 4/ 124.94 + 0.18 (+ 0.17) GeV
Run 1 Combined —e 125.38 + 0.41 (= 0.37) GeV
Run 2 Combined I—Ol-i 125.10 + 0.11 (£ 0.09) GeV
Run 1+2 Combined I-l-l 125.11 +£ 0.11 (x 0.09) GeV
oo oy [ I IR R N N N BN
123 124 125 126 127 128
my [GeV]



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802

Higgs decay width

llllIIIIIIIIIIIIIIIIIIIIIIIIIII

e ]
oL /\ §
 The SM predicts a very narrow width I'y = 4.07 MeV 108 °®F -
gap!!! B -
0.025_— -
* Direct measurement”? Experimental resolution O(1) GeV E E
0.0151— o —f
% :IIII|IIII|IIII|IIIIIIIIIIIIIIII|II|I|IIII|IIIIIIII: : I“H :
O oL ATLAS $ Data E 001 =
N EH o zzr 4 — Fit - - -
~ 70 Vs=13TeV, 139 fb" Background 0.005— -
g : : ;1  —— i | l | I l | I 1 | l ) I - l | S i - x:
|_|>J 60 :_ ‘ _: 15)4.98 124.985 12499 124995 125 125.005 125.01 125.015 125.02
50 - l E mSM=125 GeV m,, [GeV]
405_ | Detector _E dapp—)H—)ZZ - g%{ggglz‘IZZ
- ‘ resolution - dMZl (Mfl - m%{)z T m%{I‘%{
30— —
- ‘ N
201 + =
B N _
10, +++ e
? 4" 3 A
OIIIIIIIIIIIIlIIIIlIIII|IIII|IIII|IIII|IIIIIIII|IIII_

105 110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
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Higgs decay width

 The SM predicts a very narrow width 'y = 4.07 MeV 4—7 ~100 %

Width

P(m,)

gap!!!

0.025

* Direct measurement? Experimental resolution O(1) GeV

ey eyttt
| | | | I I

llllIlllllllll|Illl|llll|lllllllll

0.02
* Indirect approach: exploit off-shell Higgs production 0.015 v
0.01
ON ~ Sigy | 2 2
FEALY dapp—>H—>ZZ - 9Hg99HZ Z 0.005
2 2 _ 2
PRepoerion \ > OFF ~SuerL M (Mg = mig)* + my Ly e L L L L DT
2&?-& PER ] CC?MT/(\)UUW 124,98 124.985 124.99 124.995 135 125.005 125.01 125.015 125.02
HAage ITERVAL miM=125 GeV m,, [GeV]
[ 44 K&\/ﬂ g2 p
o On-Sh;{H a7 ~ ggHPHZZ \...assuming same strength chhe
| g§§—H— mgl gy ! on-shell and off-shell
] / __ effective couplings. .
2 2 |
|
-Off-shell N 8 ggHOHZZ l
. | 195 dxem ,  xm, ,;:’S‘;’”j;:”f'ﬂg gg—H—ZZ 2
3 Enhanced off-shell productlon Fryac sTafz 27 ,uoffshell

O(FH

" due to opening phase space of new decay modes ll
| (unlque to H—>\AO

[Gev]

JHEP 08 (2012) 116, /“I’OHSheH

Phys. Rev. D 88 (2013) 054024,
JHEP 04 (2014) 060,
Phys. Rev. D 89 (2014) 053011
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 Phys. Lett. B 846 (2023) 138223 |

H—2ZZ On/Off-shell

e Performed in two channels:

e 4! final state, where the output of neural networks (Onn) , used to
enhance Higgs signal, is fitted

o 202v final state, where the transverse mass of the ZZ system is
fitted _ \/l Jm2 + (P 4\l + (E"Il“niss)zlz_

Uncertainty from theoretical modelling of signal and backgrounds is
the dominant systematic

2
- {{ | miss
pr + ET

-2In())

20_—ATLAS — - Obs-Stat. only —
) —— Obs-Sys i
8_On + Off-shell combined — - Exp-Stat. only E
16113 TeV, 139 b — Bxp-Sys -
- Obs-Stat. only: 1. 1“:06 Exp-Stat. only: 1.0ig': -

14 obs-Sys: 1. 10 Exp-Sys: 1.0°0° ]
- / .
121 // B
1oF TH<10.5MeV at 95% CL / =

Width

% 106_; ATLAS | o Daa % % 106:; ATLAS | o Da I ;E """"""""""""""""""""""""
> = p [] Systematic uncertainties 3 S - y [ Systematic uncertainties 5 | ANl et ]
D 10k 's=13Tev, 13901 o P i G gL s=13Tev. 13901 ] oq 22 0 AR\ T 5
= ggF Signal Region oo (H )22 = = ggF Signal Region [ wz = 5
1045 [ Other Backgrounds  —= al B oo (H =) 22 - B
= [ qa— (H* ) ZZ+2j = 10 E B ttww g | ERC LN A e ... O —
103 = —— 99> H'—>ZZ = 3: [ ] Z+jets = R S N L PR, W L L r -
qa— H* - ZZ+2j = 10° [_] Other Backgrounds ~ ~5 O | ) ! RN EEEEE RN NN NN
= = [ Jag— (H* =) ZZ+2j -
- 107 —oeHoz 0 05 1 15 2 25 3 35 4
10 ) e -
: o— % r/re
15 ! - H*H
— ' 3
.S r"ﬁg +3.3
g ot R T T 4.5>-2 MeV
f\E 1t f\E 1; ______________ : —
8 osblligEyes - imiee L1 § 05 : — —
Y1 05 0 05 1 — E 05 500 1000 1500 2000 5500 3000 | FII’St direct measurement Of FH Wlth ATLAS, u
|
mZ [GeV] u

(And 3.30 evidence of nggs off shell productlon) o
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https://authors.elsevier.com/sd/article/S0370269323005579

H—4£ candidate event




ﬁai:240.1‘| }?

Combination of ttH + Higgs-mediated tttt

This method

Other methods (based on ggH)

On-shell

Effective coupling

Off-shell

Unknown particles may enter the loop and
spoil the assumption

Hoffshell
Honshell

O(FH
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K;

20 tension w.r.t. SM prediction (caused by
1.80 tension in tttt measurement)

25 - —
: - 680/0 CL :
T s 95% CL -
2 ~
15 - —
s S -
— T (s=13TeV, 36.1-140 b -
P -+ Best fit X SM j
0-5 I—I I| | | | ] 1 1 1 I| | | | | | I | I| I_
1 10 10°

SM

/Iy

I, < 160(55) MeV @95 % CL

First constraint on T'n using processes |
| involving the top-Yukawa coupling! |



https://arxiv.org/abs/2407.10631

| JHEP 05 (2024) 05 |

H—-ZZ*—48 CP

* Possible sources of CP-violation can be represented by effective

couplings

 Constraints on Wilson coefficients related to dim-6 CP-odd

operators

 Two bases considered: Warsaw and Higgs mass eigenstates

* Optimal observables (OO) sensitive to anomalous CP-odd couplings

Coupling on decay side

9 OO0\ ¢ Z
)
9 QQQ ¢ g

OOs on production side considered
too, via Vector Boson Fusion (VBF)

L. Franco - PIC 2024, October 23rd 2024

Events

Data/MC

"""""" B UL L IR B I
B ATLAS —eo— Data ggF |
25_ HosZ7*_54] VBF+VH B zzx _
C Vs=13Tev, 139" [l Zjettt WZ -Uncertalnty ]
— Inclusive SR g9F ¢, ;=-1.5mggF ¢ ~=1.57

20 | Data Mean: -0.06+0.11

15

|.|"L"|l.|.='|"|"|"|": |

101=

L L F T T LR LT T
-
rE
al ®
—'—’7..
= ®
—

O a4 N Wo
JIFEINIES

-40.000 -0.278 -0.082 -0.022 0.000 0.022 0.082 0.278 40 000

00;°

12

c.
Lsmerr = Lsm + Z A—IZO,@
:

ATLAS

H—o Z/Z" — 4]
Vs=13TeV, 139 fb”
SMEFT CP-odd couplings

Expected: Stat+Sys
—— Observed: Stat+Sys
[m] Observed: Stat-Only

Best Fit 95% CL

O -0.078  [-0.61,0.54]
l -0.017  [-0.97,0.98]
0 0.6 [-0.81, 1.54 ]

i x 10 -0.003 [-0.026, 0.025]
£ J 0.78 [-1.2,1.75]
E o 3 0.083  [-0.84,0.83]
E - ] -0.0083 [-0.99,0.93]

| I TR TN T TR N SR SN SN TN N RN ST SN S SN TN SN S T SN S SUN S S R T S "
-0.5 0 0.5 1 1.5 2

Parameter value

Precision limited by statistics: |

Impact of systematics (exper. and theor) is <5%

2.5


https://link.springer.com/article/10.1007/JHEP05(2024)105

iﬁ

“

VBF H—>T1Tt CP

* |nterpretation of differential cross-section measurements via SMEFT approach

ﬁaiv:24o.

| CP nature of Yukawa
| couplings investigated |
| [0o (see back-up) |

 CP-odd operators can intervene in the HVV coupling — studied through VBF
production

Ci . (6)
- Lsmerr = Lsm+ ) 0,
. 2D distributions of Aqﬁglgned Vs pr are asymmetrical for non-zero CP-odd Z G

Coupllngs |||||||||||l|||||||||||||||||
ATLAS
S 23~ L L L B L B E =13 TeV, 140 fb_1 Exp. Lin. Exp. Lin.+Quad.
© 5 - ATLAS —— SM (Powheg+Pythia8) @ Data, total unc. 3 signed y
R C V5213 TeV. 140 fb”' =" Cuiy = + 07 (lin-+quad.) Data stat. unc. = Horr, A(l)jj VSP_ = Obs. Lin.  ~® Obs. Lin.+Quad.
BI_. 1.8 ’ -=== Ci =~ 0.7 (lin.+quad.) = 95% confidence level
IS} 1.6 — B N
‘%2 14 i_ p:'<200 GeV p';'>200 GeV _i
s 12F N I ] = C. i
o) 1 - ! =
o) = i ! -
08 g — | e _
0.6 E * b b o =
0.4 ; } : c | ° :
o2p [T +__ R HB | ® |
:. | ] ] ] ] " =
= 15] | _ I S _
B [ } -
o ] SRt EEEEEEE T -------- i 1 j o |
o S S P L S C .
= o5& Vo R B = HWB | ‘ :
o -Tt/2 0 /2 -t/2 0 /2 | | ! lCPV SME|FT model
Signed Signed I I I I | 1 1 1 | 1 1 1 L 1 1 1 I I |
A~ [rad] A= [rad] 15 —10 -5 0 5 10 15
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https://arxiv.org/abs/2407.16320

(Image: ATLAS Collaboration/CERN)
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Conclusions

* ATLAS has measured the properties of the Higgs boson exploiting 140 fb-1 of pp collisions at \/s=13 TeV (in some cases
combining with data from run 1)

 The mass, a free parameter of the theory, is now known with very high precision (per mill level):
my = 125.11 £0.11 GeV
* The decay width is difficult to measure at the LHC, nonetheless it’s been constrained (using different methods):

['y < 10.5 (10.9) MeV @95 % CL

CP-odd contributions to the couplings have not been completely ruled out (yet) with our data

Some of these measurements are statistically limited and will be significantly updated with the upcoming dataset of run 3

’\x.a \

a*\ AL DEMOK
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Endcap

H—yy mass: event categories

» Selected diphoton events are split into 14 mutually exclusive categories

1.52
1.37

* At least one converted y—e+e- candidate (C-type) or only unconverted candidates (U-type)

0.8

* Position of the associated photon energy cluster: central-barrel, outer-barrel or endcap

A Central-barrel
» Magnitude of the p/” component orthogonal to the thrust axis £: low, medium or high

vY =YY ” ” 1 =Y =V1 ->}’2 0 0.8 1.371.52 2.37
P =BT Xl i=@ -/, — :
Tt T . Categorization | g,
minimizes total |
| 5

> 0_22 - LN I S B N N B N E R R R R R B B L L L L L expected uncertalnty ’ Category _ 68 [G@V]

D 0.2 ATLAS Simulation U-type, Central Barrel, High p. ] | on M | U, Central-barrel, high piq 1.10

O 018E Vs Vs =13 TeV O MC = SignalModel 7 - U, Central-barrel, medium p.; 1.38

g = = Yy

LO 0.16E- H—yy, m, = = 125 GeV C-type, Endoan E U, Central-barrel, .low ]?YTYt 1.47

© - | 3 U, Outer-barrel, high p 1.24
~ 0.14F /A MC == Signal Model 7 . ALt Ny

- e = — Best resolution U, Outer-barrel, medium p, 1.52

E>‘ 0.12 — U, Outer-barrel, low py.| 1.75

e 0.1 — U, Endcap 1.90

2 0.08E _E C, Central-barrel, high p1.! | 1.17

© 0.06E - C, Central-barrel, medium p1. 1.51

Z = 3 C, Central-barrel, low pl. 1.68

— 0'045_ = —  Worst resolution C, Outer-barrel, high pJ.! 1.44

0.02 . — C, Outer-barrel, medium p-.| 1.82

0 Bt ‘ T e C, Outer-barrel, low p. 2.10

120 122 124 126 C. Endcap 593

Inclusive 1.82
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H—ZZ off shell: analysis strategy

Width

* Analyses performed in three signal regions

ggF Signal region 1 jet mixed signal region EW signal region
Q000 , -
2
Q000 &
\\
Niets = 0 — 1 and n; > 2.2 njcls > 2 and A?]jj > 4.0
njcts — 1 and T]] < 2.2

Nigs = 2 and Anj; < 4.0

Interference component parametrised separately from signal and background

F F F F F F F
VggF('“oﬂ shett> ) = Hogr-ghenn * s (0) + \/ Hogr-shenr * (Mspr(0) —ng™ (8) — ™ (0)) +ny™ (6)
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H—ZZ off shell: Interference

» Signal and background have same initial and final state

* Negative interference in the off-shell region with destructive effects on the cross-section

gg—-H*—>ZZ
. arXiv: 1610.07922
E 0.001 T I I l I I I T “
: gg > H > ZZ 51 |3
0.0008 My = 125 GeV E
: H* _ o
5 ---- = 0.0006 | LG, v =13TeV |8
In the ATLAS analysis, @ T CULS S
: three regions are § 0.0004 | =
: g defined to target the == ‘E’
: production modes: N 0.0002
ggF, EW and mixed. 2
S 0
~~
3
-0.0002 _
—— gg bkg.
-0.0004 | S ] .
-0.0006 | — 5 -
0 100 200 300 400 500 600 700 800 900 1000

----------

qq—H*—ZZqq MZZ [GGV]
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f{aXi:240.11 ?f

ttH+4top width: details

Width

Target processes Reference
Svstermatic uncertaint Impact on 95% CL upper limit on I'y Off-shell measurement_) =z 26
4 Y Expected [Y] Observed [90] PP
Theory 37 33 On-shell measurem.ent
titf production 25 13 Production Decay
Higgs boson production/decay 5 6 ggk, VBE, WH, ZH, 111, tH H—vyy [31]
ttH +tH H — bb [32]
Other processes 10 16 _
i : - 5 5 WH, ZH H — bb [33, 34]
ApEHIMEmdl VBE H — bb 35]
Jet tlavour tagging ) ! ooF, VBF, WH + ZH, tTH + tH H — ZZ 36
Jet and missing transverse energy <1 <1 ooF, VBF H— WW 37
Leptons and photons <1 <1 WH. ZH H— WW 38]
All other systematic uncertainties < 1 <1 ooF, VBF, WH + ZH, tTH +tH = H — 17 30]
goF+ ttH +tH, VBF+ WH+ZH H — uu (40)]
Inclusive H— Zy 41
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https://arxiv.org/abs/2407.10631

H-ZZ CP

Possible sources of CP-violation can be represented by effective couplings

ATLAS Simulation
H—Z77*—4] === \/BF+VH, Ezz =5.0

to unit area

VE _ 13 TeV s \/BF+VH SM
115 GeV < m, < 130 GeV VBF+VH, €, = 5.0

N.>2 m >120 GeV
jet i

Muix(€) = Mgm + Mssm(c)
= [Muix(c)]* =

2R(MsmMpsm(c))

CP-odd
CP-even (_/\/1 M ( ))
2R SM ESM C
O0(c) =
(C) ‘MSM ‘2 Symmetric for CP-even (SM)
Asymmetric for CP-odd (BSM)
Coupling on decay side Coupling on both production and decay side
e ’ N Optimal observables (OO)
9 000} _ t Z o i+
) - - : | | |
) 0oaf H - , * Production OO — 2-jets variable
e q q

 Decay OO — 4l variable
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H—ZZ CP: analysis strategy

* Decay-only fit:

* Decay-level OO in the
Inclusive SR

* Production-only fit:

* VBF-depleted region to
estimate ggF normalization

* Production-level OO in VBF
SR 1-4

e Combined fit:

* Decay-level OO in VBF-
depleted region

 Production-level OO in VBF
SR 1-4

L. Franco - PIC 2024, October 23rd 2024

| Data Mean: -0.06+0.11

— Inclusive SR g9F ¢, ;=-1.5mggF c ~=1.57

B ATLAS —e— Data

— HZZ 4l VBF+VH
[ Vs=13Tev, 139" B Zjettt WZ

ggF |
M zz: _
Uncertainty

-40.000 -0.278 -0.082 -0.022 0.000 0.022 0.082 0.278 40.000

22

Cc -
HB
00,

m, [GeV] ATLAS |
160

130
Inclusive SR

VBF-depleted VBF

Region SR 1-4

115

1051 iet(s) or >2jetsand  Jet

m;< 120 GeV m; 2120 GeV ~ Selection

o //* CR to estimate bkg
normalisation

 Morphing method to
perform a shape-only
analysis



H—ZZ CP: results

 Constraints on Wilson coefficients related to dim-6 CP-odd

| Precision limited by statistics: |
Impact of systematics (exper. and theor) is <5%]

operators ATL A S Expected: Stat+Sys
» Two bases considered: Warsaw and Higgs mass eigenstates H — ZZ* — 4] TR DbservedSlanBys
1 [ m] Observed: Stat-Only
. , _ , /s =13 TeV, 139 fb
» Sensitive to only CP-odd couplings - i.e. not CP-even quadratic SMEFT CP-odd couplings
terms, nor CP-even couplings
Best Fit 95% CL
* No uncertainties on the normalisation of the processes (data- ;
: C, ~ m- -0.078 [-0.61,0.54]
driven) HB :
. . . C,~ ' 0.017 [-0.97,0.98
* All results are compatible with the SM expectation of pure CP- HWB " | |
even couplings Co f = 06  [-0.81,1.54]
. q . x 10 :0.003 [-0.026, 0.025
Operator Structure Coupling |
Warsaw Basis C,, E o i 078 [-1.2,1.75]
~ T I ~ ~ |
Oow (D'(DWWWW Caw C,, E — . 0.083  [-0.84,0.83]
1 vl |
Opwp QT OW, B""  cuws | N :
O DB, , BHY single BSM Cyy E i = -0.0083  [-0.99,0.93]
O(I)E uv CuB d CP-odd coupling T B B N S R B
Higgs Basis -0.5 0.5 1 1.5 2 2.5
Oz hZ,, 21 Czz Parameter value
OI’IZA hZ”VAHV EZ')’
Ohai hA A" Cyy
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Eur. Phys. J. C 83 (2029)

CP nature of Yukawa couplings

| Phys. Lett. B 849 (2024) 138469 |

— x! 1 . 1 s [T T —a
3ffH Kfyf¢l/jf(cos a\-l_ l}/s Sga)lljf \%_ :AsT fis'rev,wg fo- H — b b 1
Coupling strength CP-mixing angle < 2r | -
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rely on the geometry of the
visible T decay products

And pure CP-odd hypothesis excluded at 3.40 And pure CP-odd hypothesis excluded at 1.20
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