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H > Tt decays Physics| Lancaster €22

The Higgs boson Yukawa coupling to fermions is proportional to the
Fermion mass

e After b-quarks the t-lepton has the highest branching fraction of
6.3%

e The final state of e, p, 1- and 3-prongs (rt+) can be distinguished
from background jets

. . o [a
Test the SM Higgs couplings - E
e 3rd generation Higgs couplings (t) Eng, joile iR -
* Differential cross section tests SM even more < 10_25 ]
e V\/BF, ttH, kinematics ’ °”n“
e CP properties of the H - t T vertex ‘°-3§?/n,/ E]E]ﬂ‘%’
L G I B
. . N > 14T L
Use the t T final state as tool for other investigations - : l ]
e VBFH - ttprobes CP properties of W/Z H vertex < 1 i . ii i
e Search for further scalars in the low / medium / high mass region 0-85-..“1 R W { I
10" 1 10 10

Particle mass [GeV]
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Largest leptonic branching
fraction of 6.3%

500k H - t Tt produced
Three different final states:
o Lep-lep:te+1u

e Lep-had: tlep +thad Early H > 1, Te + 2 jets candidate
e Had - had: thad + thad

QAT
(Re-)Analysis of the full Run DLEXPERIMENT
2 dataset of 140/fb
e STXSH —> ttcross
section

e Differential fiducial cross
section

https://arxiv.org/abs/
2407.16320

e CP properties

https://arxiv.org/abs/
2212.05833

Run: 204153

Event: 35369265
H. Fox 2012-05-30 20:31:28 CEST
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Baseline selection: lepton pr with high trigger efficiency; medium particle ID, isolation, kinematics (mcoi, mr), no b-jet,
Ermiss>20GeV, min jet pr, AR, An, T centrality

Analysis strategy: four main categories
e VBFH-> Tt
e At least 2 forward jets in opposite hemispheres with pT > 30GeV with large separation

pt(H) reconstruction
e m;> 350 GeV; central leptons

L L LA L

é’. 0'4} ATLAS Simulation o= D',"“(H){
e splitinto 8 bins: 4 mj bins and prNN(H) <> 200 GeV for STXS B[ eoracey =
L% 0.3 [ pI(H) resolution: 0.06 GeV _:

e A new NN improves the pr(H) resolution by 50% — - - prNN(H)
e A new BDT defines enriched VBF regions for all channels 02 .

e tt(0 lep)H = Thad Thad °-1; PT(H)..".

IR B SR

. . L S e
. L ] e
e Atleast6/5 jets; at least 1 / 2 b-jets " A .
=1 -0.5 0 0.5 1
e 3 binsin ptNN(H) for STXS (PY“(H) - P (H)/p(H)
e Multi-class BDT ttH/Ztt/tt ATLAS Simulation ; :
= 18 TeV, 140 10", H— vx Expected SM H-> 1t signal yield
> ttH, pt = 300, Window [~ T T T T o7 T T T T T T T T T T T o1 T 77 ] 220 ©
ttH, p! = 300, Sideband .
e V(had)H-> 1t N e —— 2
@ HtH, 200 = p' < 300, Sideband [~ 02 ] 200
© tH, pi! < 200, Window [ 3.0 0.1 . ©
. M tH, < 200, Sideband 0.6 - c
o Atleast 2 jets with pr>30 GeV O —wisisem- R
° VBF_0, m, = 1500, p = 200 [ 23 17 01 0.1 01 08 16 148 ] D
£ VB3, 1000 < < 1200, e S0l bt o4 03 0.1 02 o7 s o8 ] 160 o
© VBF_0, 1000 = m; <1500, ptf = : i ! ! T i : | i
) 60 G .. 20 G S VBF_1,700 1000, p = 200 [ 15 0.4 05 07 8.5 0.9 ] Q
eV < mjj < 1 eV S Ve 07002 m <1000, g 2200 5.1 23 03 01 02 06 14 80 08 ] 140 5
O VBF_1,350 <my; <700, pfl =200~ 1.0 0.1 0.1 0.4 3.4 0.6 1 [
. s VBF_0..350 < my < 700,y > 200 [ 0.1 0.1 91 17 07 02 07 68 07 . 120 &
1, m, = 1500, plf < 0.1 01 14 38 [ 319 0.9
L BDT fOF VH eanCh ment 8 VBF,o,nWm=1500,p;‘<200: 0.4 0.3 0.1 0.1 35 0.1 2.0 10.4 03 ] w
(C VBF_1, 1000 = m; < 1500, p <200 [~ 0.1 0.1 1.7 39 22,6 1.2 0.6 ] 100
VBF_0.1000 <m,<1500,p] <200” 10 06 04 02 76 02 02 36 172 11 0.4 ]
VBF_1,700 =my <1000, pr<200[~ 0.2 0.2 02 40 44 243 19 05
) d 9 VBF_0, 700 1000, p' <200~ 1.6 1. 06 04 103 02 34 147 12 03 ] 80
BOOSte H L VBF_1, Ssossn:un; 700, EE 200 [ 04 0.2 0.2 7.4 29.0 2.0 0.4 n
e B 00350, 5005 700,05 <2001 6.1 3.1 26 0.7 27.7 0.4 30.7 15 0.1 0.4 ] 60
h ot o B o ﬁ it o & 06 03 03 0.2 03 0.1 0.1 02 o o 01 ]
VH 0 9.7 5LAW 125 15 i " ! ! j ! ! ! ¢ i !
L N (0] Ot er CategO ry —m__ 9.7 1.0 5.9 2.0 1.1 1.0 0.1 04 40
boost_2, 200 < pf <300 [~ 146 146 MEEKEM 145 45 24 22 06 04 05 139 36 21 22 05 08 01 ]
boost 1, 120 = <200, N =27 308 239 _[EFYAM 286 38 39 185 29 14 06 18 04 01 17 02 ]
° H > 100 G V boost 1, 120 = pi' < 200, 378 EEZXM 171 200 44 19 30 2.1 25 36 03 02 03 05 ] 20
pT e boost 0, 100 = pi < 120, Ny 32 214 7.9 11 42 05 03 0.1 05 ]
bo0st_0, 100 = p} < 120, N 382 | 44 | | | 19 | 10 | 14 | 09 | 09 | 12 | | | | | | |
Nt =1 1 =2 =0 S =2 | =2 =2 =2 |
H H H pH[GeV]: [60, 120]  [120,200]  [200,300] [300, ) [0, 200] [0, 200] [200, =) [0, 200] [200,300] [300, )
® Bl nn Ed N pT( H ) a n d n 'J etS mx [GeV]: [0, 350] [0, 350] [350, =) :[60, 120] :[350,700] [700,1000][1000,1500][1500,2) [350, 700] [700,1000][1000,1500][1500,) :
ggH + gg — Z(— qqH V(= qa)H VBF ttH

STXS Binning
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MMC mass reconstruction: Likelihood based approach using visible t decay products, Er™iss and
jets to improve mass resolution. If no solution is found, mclis used.

The output includes the most likely direction of the true taus and the neutrinos.

https://arxiv.org/abs/1012.4686

800 -e— CDF Data (L=5.6 fb*

_ [ MMC Reconstruction = Oz : :r:vvv ) =
%51000[- |~ CDF Data- Background (L=5.6 fb") 5 L 700 B QCD multijets S
= ] Oz >t i) > 600 &
2 goo[- 2 S8 &
[&] [ | Collinear Approximation = o 500 =
S [ | - CDFData-Background (L=5.6fb") © = ]
: 6001~ | [ 7% TV -E 400 i=

L = @ =
2 s00f E H 300 =
o N S
g S 2 200 =
R 5000 ch" a = ]

0

g 40 60 80 100 120 140 160
M(t1) GeV/c*

L L I h i
0 20 40 60 80 100 120 140 160

M(z1) GeV/c?

Signal and background in
the VBF_1, m;>1000 GeV
category

Signal and background in the ttH

signal and sideband regions The analysis is limited by statistics.
s T TR — Main syste.matics: .

H o Tras o tH e Unceriainty - e Theoretical uncertainties
7 e Jet and EtMiss uncertainty

e T misidentification for VH

30

Events / Bin

|

t

. ]

1 1 1 1 1
Window Sideband Window Sideband Window Sideband
pH <200 GeVv 200 GeV < p¥ <300 GeV p¥ >300 GeV
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. |
No significant deviation from the SM Production mode | o x B(H — ) [pb]
SM prediction ‘ Measurement
geF | 277+009 | 25:08
VH | 0.117 £0.003 | 0.11 +0.08
STXS VBF VBF | 0.220 £ 0.005 | 0.23 + 0.04
fH | 0.031£0.003 | 0.02+0.03 T
4 bins in M ATLAS H—-tt Vs=13TeV, 140 fb"
) =Tot. @Syst. \Theory p-value = 6%
1 1 Tot. (Stat. Syst.)
2 bl ns In pT( H) X " L 0.35 +0.61 +0.38 +0.49
gg—H, 1-jet, 120 < Pl < 200 GeV . —0.61 ( _037 -0.48 )
(0 X B) / (0 X B)SM = 1.04 +0.19 -0.17 gg—H, = 1-jet, eosp:<120 GeV 0.50 fg::g ( fg:gg i8;3§ )
h . h f 9g--H, = 2-et, m <350, 120 = p!' < 200 GeV 053 070 (oh Toge)
At the time the first measurement at
. . gg—H, = 2-et, m = 350 GeV, p!' <200 GeV He———y 509 54 (6 ter)
] A
high pT and the most precise at low pT
gg—H, 2005p_’|’_‘<300 GeV 0.99 ‘g% (o2 020 )
STXS ttH gg—H, p' =300 GeV 151 0% (w  05)
3 bins in pr(H) G —H 2401 60 < < 120 G 094 4% (9% 9%
= |
pT qq'—~Hag’, = 2-et, 350 < m <700 GeV, p: <200 GeV = -0.96 j;z ( ig:g? i?:g:; )
(O' X B) / (O' X B)SM =(0.77 +1.02 -0.92 qq'—~Had', = 2-et, 700 <m, <1000 GeV. pl! <200 GeV == -0.24 050 (‘og0 oes )
.o .. qq—Hqq’, = 2-jet, 1000 = m_ <1500 GeV, p" < 200 GeV 168 0% (0% 53%)
Statistically limited " '
. ey H 0.12 ( )
qq'—Hqq', = 2-jet, mii = 1500 GeV, pT <200 GeV (] . _0.33 027 -0.18
AL L L LS LU LA ">Hqq, = 2-jet, 350 < m_< 700 GeV, p!' = 200 GeV 116 05 (ot Togs)
ATLAS H—tr (s =13 TeV, 140 fb” TR 2SI IR, Pr - 081 1 -0s 059
—Tot. @Syst. “Theory p-value = 99% qa'—>Hag', = 2-jet, 700 <m, <1000 GeV, p{/ = 200 GeV 0.98 01 (% 0%
Tot. (Stat. Syst. 40, 1052 +0.
ot. (Stat. Syst.) qq'—Haq, = 2-jet, 1000 =m_< 1500 GeV, p = 200 GeV 140 0% (0% %)
F 092 0 (% 0%) ' ! 039
% qq'—Haq, = 2-et, m_= 1500 GeV, p'' = 200 GeV 1.29 0% (9% 018
0.08 07 (0 037 i Al 15 is o8
VH et st 0% ttH, p:'<200 GeV | e | 2.1 t1:5 ( i1:3 io:g )
+0.19 +0.13 +0.13
VBF 104 o (o onr) tH, 200 < p!' <300 GeV | e 22 97 (%3 o)
ttH 077 o (‘o3 ‘ow) ttH, p!' = 300 GeV | —_— 3|-6 e I(j? t:)'gl )
____________________________________________________________ 1 1 11 | 11 1 11 1 | | I I | 11
Combined 099 037 (5o Sos) o - 10 15 20
T TN (0xB)™*/(0xB)*™
3 4 5 6
(0xB)™*/(oxB)*™M
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H - 1t unfolded fiducial differential XS Physics| pancaster

Unfolded for efficiencies and acceptance using MC Table 9: Binning of the differential variables.
techniques. U0 1G] | PRIGVT | A0 | A v o [Gev]

A different binning is used to optimise for Bin1 | [40,95] [0.110] | [ /2] | A" < 0 & pif <200

. . . . Bin 2 [95,130] | [110,150] | [-x/2,0] A¢j{§“ed >0 & pH <200
e Kinematics of VBF Higgs boson production => Bin3 | [130,180] | [150,200] | [0.7/2] | A& <0& pH > 200
|

improve sensitivity to BSM Bind | [180,500] | [200.550] | [r/2.7] | g™ > 0& p > 200

e Signed angle between jets => sensitivity to
Higgs C, P and CP

e p7tNN(H) for Higgs decay kinematics.
S— SMEFT interpretation of the cross section

dc"“/de(]o) [fb/GeV]

du"“/qu);

0.09 T T = E .
oosE. ATHAS - 0a E 007 ATLAS
- V5=13 TeV, 140 fo" 3 s E f=18Tev, 14010 E I H h h W'I fﬁ H
3 2 uE v E results with the Wilson coefmicients
8 E E
0.06 E B E E| .
005 - —
E L E corresponding to D=6 operators (CP-even and
E 004 B
0.04 = E 3 dd
El 003 - -
0.03 = E 3 CP o )
E| 002 B
002 E E E| L L L e e e
001 . E ootE- . = ATLAS , . ATLAS ) _
¥ = - E= 13 TeV, 140 I Exp. Lin. Exp. Lin.+Quad. E= 13 TeV, 140 i Exp. Lin. Exp. Lin.+Quad.
= = = 5 e g
R 1sE 3 £ sk E| Hotr, A¢™ -e- Obs. Lin.  -*- Obs. Lin.+Quad. H—tt, A¢" vsp" -s-Obs.Lin. - Obs. Lin.+Quad.
a E ] E a E * i i T
3 1E | i = 3 1E i| 4 = 95% confidence level 95% confidence level
& osg E & osfE | E [ H N [ ]
50700 150 200 250 300 350 400 450 500 100 200 300 400 500 H :
Pl (GeV] piGev] R ol c Fel
HW [} HI o
(b
24 as | ' ¥ " u PownogePyinas | 3 g 16 arLas 4 Ot ol unc. | PowhegsPyl B [ B
22? (=13 TeV, 140 b 4 PowhegsHerwig? | g E (5=13Tev, 140 1" Data stat. unc. A Powheg+Herwig? =
= ¥ MadGraphs+Pythias| H4VHattH = = 14 v (Graphs+Pythia8 EEE ggH+VH+IH c F - 1 c F =
E E| 2 E e
18 E - E ?;e= 12 p:eoo GeV p;‘>200 GeV — e '—._' " H
1,6? . E g E 3 H
14 = Z E L] . — b —
2 E| 3 08— =
1= E 06 A c L
08~ El E Cowe ——— HWB |—o—|
W E| o4E ] _+_7 : SMEFT model : CPV SMEFT model
04 E 0.2 ) 3 ol b b b b b By I I AN B EREES SR AT S
et ] ER—— 30 -20 -10 0 10 20 30 45 10 5 0 5 10 15
g 1sE H E g 1sE 1 3 Parameter Value Parameter Value
S | 1 — N 4 T }
5 E < E
& osg E £ 05E -
Ed =2 B 4 7 3 3 W e N
AgEo"™ [rad] A9 [rad] A5 [rad]
(c) (d)

Measured fiducial differential cross section and particle
level SM prediction
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The SM predicts the Higgs boson to be CP-even.

A CP-odd admixture is possible and not yet excluded.

The di-tau final state is a unique test lab for this measurement

e Coupling of the Higgs boson to fermions (all other measurements are using bosons)
e A CP-odd contribution from BSM physics can be present at tree level

e Weak decay of the t-lepton preserves the CP information

CP-odd admixture is parametrised by the angle ¢: rer
LHrr = —%/{T(COS G-TT + 8in ¢ TiysT)H —
e ¢.= 0° - CP-even \
e =900 - CP-odd N
n*+t
d*cp is the acoplanarity angle between the taus Tt

is sensitive to ¢«
n* is the impact parameter (IP) vector or the mt® vector

H. Fox 10




H - tt CP properties

Four methods depending on the Tt final state:
¢ Impact parameter (IP) method
o oY, T lEvy
e Using the m* momentum and the impact parameter
vector to define the decay plane
e p-method
e T pty, pt—>mEnd
Di-p rest frame

e 1t momentum and O define decay plane

yt determines the ¢cp sign and is correlated with ¢+

E7T:|:_E7T0
° a1methcﬂi:Ei+E0

™ Ti%alivi alieninino

e The highest m* momentum and the sum
of the other pions determine the decay plane

e The methods can be mixed for each tau

H. Fox |1
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H - tt CP properties Physics| fancaster

Typically high pr(H) regions yield cleaner signals.

Four signal regions and four control regions are defined: VBF (high and low VBF BDT), ggF
(boosted and very boosted)

VBF | Boost

Py > 30 GeV
mj; > 400 GeV
|A77 Jj jl > 3.0
Mji M <0
Central 7-leptons

I Signal region (110 < mMMC < 150 GeV) I
~ VBF.I | VBFO | Boost.l | BoostO

AR;r <1.5and | ARz > 1.50r
PIT > 140 GeV | pI7 < 140 GeV

Z — 77 control region (60 < mMMC < 110 GeV)

VBF_IZCR | VBF_0ZCR | Boost_1ZCR | Boost_0ZCR

Not VBF
pr" > 100 GeV

BDT(VBF) > 0 ‘ BDT(VBF) <0 ‘

3-prong decays and decays with multiple 1 are less sensitive to ¢*cp.

=> Decay mode, impact parameter significance and |y.y—| are used to categorise the signal in
Low, Medium and High signal content

With lep-had / had-had this gives 24 channels

H. Fox 12




H—->tt CP properties

Results for the 4 signal regions in the
“High” category for lep-had and had
- had decays

Events

Data / Pred.

Events

Data / Pred.

H—tt (best flt)
— How (o =
— How (¢ = 90 )

[ Z—>x (best-fit)
Vs =13 TeV, 139 fb" Misidentified ©

TiepThad High

Boost_0

@ Other backgrounds ./ Uncertaihty

Boost_1 VBF_0 VBF_1

zZ best-fit)
[5=13Tev, 130 f" " o (best i)

ThadThad High @ Other backgrounds ///, Uncenanhty
Boost_0 VBF_0

Boost_1 VBF_1

. ®®

(b) ThadThad High SR

H. Fox

In(1+S/B) weighted events

-Aln(L)

In(1+S/B) weighted events for all
signal regions and channels after
background subtraction.

4O T T s o R
- ATLAS —e— Data - Bkg. ]
C Vs=13TeV, 139 b Hotr (9, = 9°) ]

35__ Il SRs 7/ Uncertainty -
C — Hotr (9, =09 ]

30:_ — H—r (9, = 90°) _:
C , .
C - D ]

251~ 7 .
///%é'/{ o D
%l e % 1

204 ) /%//

15 -
0 40 80 120 160 200 240 280 320 360

@* [degrees]
CP

Likelihood scan for ¢

T T
TLAS —— Observed: ¢** = 9216° (68% CL) 1

I
A
Vs=13TeV, 139 fb™

------ Expected: ¢.* = 0+28° (68% CL)

5]
Q

4F =
= =
25;':::: .......................................................... =.‘2.9‘“
17 .................................................................. 1}?.?
O:I\\\M\\\\\\T"\w.\ T

-80 -60 -40 -20 O 20 40 60 80
¢_[degrees]

Physics | Lancaster E=3
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The analysis statistically
limited.

Main systematic
uncertainties are jet energy
scale (3.49) and jet energy
resolution (2.59)

=99 4+ 16°
= 0% £ 28°

b
¢
¢exp

.




VH = cc

H = ccis challenging and has not been observed yet.

https://arxiv.org/abs/2201.11428 ATLAS direct VH = cc 139 ifb

2015-2018 26(31) ¥ SM superseded by
https://arxiv.org/abs/2410.19611 ATLAS VH - cc/bb+X 140ifb

2015-2018 11.5 (10.6) ¥ SM (est. VH - bb)
https://arxiv.org/abs/2511.21911v1 ATLAS VBF H - cc, H - bb,

37.5+51.5ifb Run 2/3, 41 (28) ¥ SM

The branching fraction H = ccis 3%

2nd generation particle

Important for understanding the Yukawa coupling.
Associated production (VH) for best identification:
e W boson with e, p or tin the final state

e Zboson with ee, up or vv in the final state

e (Categorised as 0-, 1-, or 2-leptons

H. Fox 14
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ATLAS Run 2
I Ke =Ky

1 k. is a free parameter
SM prediction
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https://arxiv.org/abs/2410.19611
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The VH = bb / cc analyses are performed together, allowing for a quasi-continuous jet tagging:

c-tag score

A

c-tight (Cr) ~  b-tagged
b-jet: 4.8% B ®
c-jet: 24% =

o — e o .

25% light-jet: 0.9% -a'a C-tlght
-effici =
c-efficiency c-loose (Cp) b-70-60% b-60% =
b-jet: 12% b-jet: 11% b-jet: 58% g

c-jet: 21% c-jet: 5.2% c-jet: 2.7% o c-loose
L oo i o "
45% light-jet: 6.5% light-jet: 0.13% light-jet: 0.05% g
c-efficienc o

Untagged () ' non-tagged

b-jet: 15%
c-jet: 48%
light-jet: 92%

70% 60% b-tag score
b-efficiency b-efficiency

Higgs candidate jet 1
The flavour tagging algorithm is a deep learning NN that

combines multiple algorithms

Signal region: at least 1 loose (C.) and 1 tight (Cr) c-tagged jet
Control region: 1 loose and 1 non-tagged jet.

H. Fox 15
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Categories for type of c-tag (5), number of leptons (3), pr(V) (3) and number of additional jets (3)

SR / CR defined by AR of the jets

Just to give an impression how many categories are being used:

Flavour tagging
Hee
> 1 tight c-tag 2jets 3jets =4 jets 2 jets 3jets =4djets 2jets 3jets =4djets
Lepton flavourep | = Topeucr Top en CR Top eu CR Top eu CR Top ep CR Top en CR
2jets 3 jets > 4 jets 2 jets 3jets = djets 2jets 3 jets > 4 jets
1notag |° CR CR CR CR
1loosec-tag | CR CR cR CR CR cR
(CLN tag)
~ CR CR CR CR CR CR
2jets 3 jets > 4 jets 2 jets 3jets > 4 jets 2 jets 3 jets > 4 jets
2 SR SR SR SR
1noctag |° High ARCR | High AR CR High ARCR | High AR CR
1tightc-tag |- SR SR SR SR SR SR
(CrNtag) || HehaRCR | HohaRCR High ARCR | High AR CR High ARCR | High AR CR
o SR SR SR SR SR SR
&/ High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR
1 loose c-tag 2 jets 3 jets >4 jets 2jets 3 jets > 4 jets 2 jets 3 jets = 4 jets
i - !
1 t(lgh(t;ctta% ° High ARCR 1 | High ARCR ! High ARCR ' | High ARCR 1
a
ToLtag 2 SR SR SR SR SR SR 1 Note: High AR CR split into 1 loose c-tag + 1
+ | High ARCR ' | High ARCR ' High ARCR ' | High ARCR ' High ARCR 1 | High AR CR tight c-tag and 2 tight c-tag regions
2tightc-tag | SR SR SR SR SR SR
(CrCrtag) | HighaRCR! High AR CR 1 High AR CR High AR CR 1 High AR CR 1 High AR CR 2Note: 4+jets in 2-lepton, =4 jets everywhere else
Common Top CR
1 tight c-tag jets 3 jets 4jets 2 jets 3jets 4jets 2jets 3jets 4jets
1b-tag |© Top(bc) CR | Top(be)CR | Top(bc)CR [ Top(bc)CR | Top(bc) CR | Top(be) CR
BCr ta
(BCr tag) 2| Top(be) C fop(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR
Resolved Hbb Boosted Hbb
2 jets Sjets S4jets 2 2 Jets 3ets = 4jets 2 2 jets 3ets = Jets ? [
SR SR
2 SR SR SR 3
High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR Top CR Top CR
2 b-tag
LowARCR | LowARCR LowARCR | LowARCR LowARCR | LowARCR SR SR
(BBtag) | SR SR SR =
High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR Top CR Top CR
SR SR SR SR SR SR SR SR SR & SR SR
igh ARCR | HighARCR | HighARCR | HighARCR | HighARCR | HighARCR | HighARCR | HighARCR | High ARCR
T
75 GeV 150 GeV 250 GeV 400 GeV 600 GeV P

Each signal region has typically 2 BDTs for S/B separation:

e BDTyy : separation of Higgs signal from background
e BDTy;z: identification of di-boson background (used for validation of the analysis)

H. Fox
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The di-tau final state developed into a precision tool
e Various tests of the SM are possible

e Higgs Yukawa couplings

e VBF production kinematics

e Higgs couplings at the production vertex

e CP properties

Charm final state is still a factor of ~10 away from a measurement (as opposed to limit)
Stay tuned for HL LHC!
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