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Overview ATLAS wsc@l\lsw

EXPERIMENT

ATLAS Hrtt Cross Section Analysis 2015+2016 Phys. Rev. D 99 072001 (2019)
CMS Hrtt STXS Stage 1.2 Cross Section Analysis Run 2 (2016+2017+2018) HIG-19-010
CMS CP Violation of Htt Decay Run 2 (2016+2017+2018) HI1G-20-006
ATLAS CP Violation of VBF Production using Htt  2015+2016 Phys. Lett. B 805 135426 (2020)
. . 100 CMS Simulation Preliminary 2017 (13 TeV)
'Why look at the di-tau nggS decay? 4~ MVA vs. jets (JINST 13 (2018) P10005)
- - - -+4— MVA (updated decay modes)
*Highest branching ratio to leptons 5 | DeepTauvs.jes
*Direct observation of the Yukawa g | prespocey
coupling s ' tt Jet Mis-ID chance as
S itive to VBF I £ a function of Tau ID
ensitive 1o coupiing 5 Efficiency, CMS-DP-

*CMS Run 2 Analyses now using DeepTau: 2019-033
eConvolutional neural network

*Reduced chance of T mis-ID

dee— =TT
D Tl Trirts ety etetotets Tot tvivi st

MVA/DeepTau
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Tau ID efficiency
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Simplified Template Cross Section (STXS) framework: a4 A

 Sensitive fine-grained measurements z I S
» Reduction of theoretical uncertainties
. . . H
* Inclusive: All higgs sngnb_, < S
« Stage 0: ggH and . A
g F
» Stage 1.2: below
Stage 1.2 Stage 1.2 = VBF+V (—qq)H
ggH 200 < p;" <300 GeV
! m———fe e frmmmemme e |
ggH 0 jet = 0-jet = 1-jet > 2-jet
m——————— |
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ggH 1 jet low p;

ggH 1 jet med. p;

ggH 1 jet high p;

STXS ggH/VBF framework with merging of gen-level bins measured at CMS. HIG 19-010
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ATLAS Higgs To Taus Signal and Cross Section  §arias 0

* Two Reconstruction categories: EE | amas
* VBF i
* Boosted L e

epThag VBF TiepTag DOOStE
t op CR top CR

ghp SR

* VBF and boosted split into sub-
categories (red)

 Adjacent control regions used to
constrain backgrounds (blue)

¢ VBF
tght SR

rhrh boosted
ghp SR

VBF rhb osted

w-p:® SR

Thad Thad

Phys. Rev. D 99 072001 (2019)
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Inclusive and Stage O
g ATLAS WISE@%SIN

Signal Strength and Cross Section
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CMS STXS Measurement Strategy w@ 3

* New background prediction methods (in backup)
* 5 reconstruction categories:

HIG-19-010

* VBF:
« High Higgs Pt

* 0 Jet (Not shown)
 Second variable: pf

* Boosted:
* Monojet

« Low Higgs Pt
* Second variable: m;;

* MultiJet
« Second variable: p¥

CMS Preliminary ., VBF high p! 137 fb™' (13 TeV)
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Events/bin

CMS Preliminary 137 fo (13 TeV)
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Signal Strengths: Stage O oo 2

137 b’ (13 TeV) CMS Preliminary 137 o' (13 TeV)

4-Obs. | |1t bkg. []Z— ee/up[ |tt + jets
[ Jtmis-iD[[]Others Unc.  [H—1t (1 =0.85)
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S i g n al St re n g t h S : CMS Preliminary Process-based 137 fo” (13 TeV)
Stage 1 . 2 » Obs. —tio [ tio stat.

th. stat. syst. bbb

UggH non—VBF topo — +3.56 +2.26 +1.86 +1.39 +1.48
a4 - p : 1.097575 77 J1s8 080 =262

Signal strengths

computed for certain |
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. CMS,
Cross Section Measurements: Stage 1.2 o

WISCONSIN s

CMS Preliminary 137 fb™ (13 TeV)
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HIG-19-010
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K, K¢ and ggH vs. VBF.

 Both close to 10 agreement with SM
137fb (13TeV) |

137fb(13TeV) S S — |
T T 1 T T T T T ' o o
“ | CMS preiiminary - 68% CL _ 5° CMS preliminary s 6894 1 '
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Summary of STXS Results atLas 9. T2

EXPERIMENT

* Inclusive and stage O:
« ATLAS and CMS not statistically limited
« CMS sees 2x Increase In sensitivity over previous measurements
» ggH and Inclusive consistent with SM within ~1¢

« STXS Stage 1.2:

* First measurement of stage 1.2 parameters
 Good sensitivity in merged bin schemes
* Most bins consistent with SM within ~1o

e k framework measurements consistent with SM within ~1o
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CMS H - 1t Decay CP Violation Strategy e [ 25
° Main Strategy targets tau decay CMS Simulation Preliminary 13 TeV
] 3 :""I""I""I""I""I""\""I_
planes: S o4l —CP even —CP odd
_ - 2¢ —CP mix —2Z -
* Tau decay plane reconstruction : i
methods: 0.08)
 Impact parameter method I
 Neutral pion method 0.061
(PCIE QDC[E Pcr i 004 :
. 0.02}
;\*_Y\ SC S \ - -
e .l I lm —>|'n:n | | p: >33 c;evJ I:
| | | 0 50 100 150 200 250 300 350
S ™ N\ g o (degrees)

HIG-20-006
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Example CP Bin Post-fits Qo 22

CMS Preliminary 1o 137 fb ! (13 TeV)
(0.0, 0.45) ! (0.45, 0.6) ! (0.6,0.7) ! (0.7,0.8) ! (0.8, 0.9) ! (0.9,1.0) E I Data
1 1 | -
: : : | El BestfitH — 77
. : E 1 — T Embed.
E ] - jet — 1,
! ! = Others «
' ' M: — PSH — 17
W 1 — BestfitH — 171
! | :=-=:=-==f
i i i ]
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
]_5'||||||||||||||||||||||||'_
PRREERERRE B ME .
Sy 10 ! ! ! | | 4 — PSH — 11
°|° = 5 I 1 I 1 —— BestfitH — 77
. 1
sl " Bkg. unc.
aFk 0
_5 .I-I | | | 1 1 1 1 | 1 1 | 1 - | | | 1 1
0 10 20 30 40 50
. . . * Pseudoscalar H - Tt
HIG-20-006, pp final state in backup Bin number
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CP Mixing Angle Results e [ B

* First measurement of CP Violation at the H — 171

CMS Preliminary 137 fb~! (13 TeV) vertex
Y D D N  Higgs to taus decays consistent with SM, CP
— . pobs. _ o (GRO L9
10 Observed: ‘JE =4+17°(68% CL) = even case preferred over CP odd case with 3.2¢
i o%\--- E s Py = 0+23°(68% CL i . . . ..
199.79\___ E xpected: ¢ =0+£23°(68%CL) /. : « Measurement is still statistics limited
~  No strong dependence on the overall Higgs signal
] strength
Q 4
=10 —
< - . CMSPrlmiary _____ 37H(13TeV)
ﬁ i o 1-2:_ pp + Tp + pp —4- Data — Bkg. B
g 2 N\ ] A 2 | Bkg.uncert. _]
: : 1l 1 —e0
: E 0.8:— 1l _¢ﬂ=90e _:
" g CF = |-
—_ é“:“ 0.4_— — —— —
S | T E
— —4 © L .
T e N S R R o
¢ (degrees) s ]
o 0 I I5‘0I I ‘1(IJO = I15|0I I IZE;OI = I25|0I = I3(|)0I — I3t!;;
HIG-20-006 q)CP (degrees)
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VBF CP Violation Strategy

ATLAS WIS@“S'N

EXPERIMENT

* Measures HVV vertex CP violation
« Categorized by single parameter: d

» Optimal Observable:

2Re(Mspy Mcp—oda)
| Mgp |2

 From Matrix element:

| My |? + d - 2Re(MsyMcp—oaa) + d* | Mcp_oaal?
 Calculated based on jet and higgs four
momenta
* d determined in a shape fit to data.

« Similar CMS analysis
« Slides in backup

Fraction of events / 1.2

025_ L L
L {s=13Tev. S 0.04 -
0-2 VBF H > 1t - -
- ----d=-0.2 ]
015 e -
0.1 -
0.05[— =
O rors wors 0 NS AR 1 1 1 1 1 1 1 1 1 1 1 --I- 1 -I--I s e e =
=15 -10 -5 0 5 10 15

Optimal Observable

Phys. Lett. B 805 135426 (2020)
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VBF CP Violation Results atLas O

EXPERIMENT

16
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+0.048 : . s s-ATLAS > —
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3.5F - Observed _ B 10~ - Datastat. uncert. only -+ No jet uncert. i |
-+ Expected (d=0,u=1) 3 -+ NoMC stat. uncert. ~ —+No 1, uncert. -
3: —+ Expected (d = 0, z = 0.73) ] 8_— = All stat. + sys. uncert. N B 7
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2.5 - ] o _
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5 X | . L A R RN L PO 11 L B B R B R
13 g E - T OE b % ]
0 By T c . Y A : £ o4 L % i a ”
ST ' AT PRI B Sre—— A O [ VBF H,d=-0.2 | o VBF H, d=+0.04
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~ N -15 -10 -5 0 5 10 15
d d Optimal Observable

Phys. Lett. B 805 135426 (2020), right taken from auxiliary public figures here All SRs, weighted by In(1 + S/B)
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Summary aTLas 9 T2

EXPERIMENT

» New standards of sensitivity to different areas of Higgs to Taus physics
« CMS/ATLAS Inclusive/Stage 0 cross section measurements not limited by statistics
* First STXS Stage 1.2 cross section measurements
 First CP Measurement of Higgs to taus vertex, evidence of preference against CP odd case.
» Measurement of CP violation in HVV vertex performed in VBF H — 1T

* In all cases, there Is good agreement with SM expectations.

*What’s the outlook for Higgs to Taus physics going forward?
A complete set of full Run 2 Analyses.
Differential analyses

*More exclusive production modes and charge parity analyses
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Tau Reconstruction at CMS W@

* Leptonic final states, I.e. electronic
and muonic final states, are

I‘eCO_nStructed via the CMS standard Lo0 [EMS Simulatiofn Preliminary 2017 (13 TeV)
Particle Flow algorithm T Dbt T
« Hadronic taus are reconstructed via p | T DeepTeuvsers |
the Hadrons-Plus-Strips (HPS) 21074 pr<100 Gev
algorithm. ] e
* Hadronic jets form the “seed” of the 3
reconstructed tau £ 10,

* Dynamic n-¢ strips
* New: DeepTau algorithm for ID and

Jet Discrimination 21

« Convolutional Neural Network g

« ~1/2(tt)-2/3(W+Jets) the chance of S .
misidentifying hadronic jets as a tau e ey
compared to previous methods. tt Jet Mis-ID chance as a function of Tau ID

Efficiency, taken from CMS-DP-2019-033
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Tau Reconstruction at ATLAS

ATLAS WIS@“S'N

EXPERIMENT

 Hadronic taus are seeded by
reconstructed jets

* Tau vertex Is then chosen within
AR < 0.2 cone

* n/¢ is calculated with this vertex/cone

» Energy and pt are reconstructed via MVA
techniques

* To reject hadronic background, a
boosted decision tree (BDT) offers

efficiency working points

* Atau ID based on neural networks has been
developed for future work

Inverse background efficiency

10°¢

T T T T I T T T T T
~ pT > 20 GeV .- 1_prong
5 —— 3-prong

2

—
o
1T

- ATLAS Simulation
| Preliminary

[

1 | 1 | | | 1
0.4 0.6 0.8 1

Signal efficiency

Taken from ATL-PHYS-PUB-2015-045
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ATLAS XS Categorization Requirements ATLAS

EXPERIMENT WISCONSIN
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Signal Region B : m;}f Py g py’ > 100GeV | my; > (1550 — 250 - |An,;|) GeV
initi v
Definitions . Central leptons Not VBF tisht Not VBF high-p7”
& and not VBF tight
: =L > 140GeV
B Highpy' Not VBF 8 B 215
& T T :
8 = pp > 100GeV =
= Low-p. Not boosted high-p..
Region Selection

TiepTiep YBF Z — €€ CR TiepTiep VBF incl. selection, 80 < m,, < 100 GeV, SF
Control Region Definitions TiepTiep boosted Z — ££ CR - 73,7y, boosted incl. selection, 80 < m,, < 100 GeV, SF

TiepTiep ¥ BF top CR TiepTiep VBF incl. selection, inverted b-jet veto

TiepTiep DOOSted top CR TiepTiep DOOsted incl. selection, inverted b-jet veto

TiepThad YBF top CR TiepThad Y BF incl. selection, inverted b-jet veto, my > 40 GeV
Tiep Thaa DOOSted top CR Tiep Thad DOOsted incl. selection, inverted b-jet veto, mp > 40 GeV

arXiv:1811.08856
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CMS Embedding Technique D | 2

 Used for the prediction of genuine tau backgrounds in CMS analyses

r‘ Z — pp Selection Aj

g S Z — pp Cleaning

Z — 77 Simulation

>
~ Y/
G o
it = e,
\. P v . -
St e 3TN
\ - -
R o S
.
:
- s .": -y
s = .
, e

Z — v Hybrid

Simulate 7 leptons B Remove energy
with same kinematic i /";‘ deposits from muons.
properties as muons. *\‘5;"\:;5\51:

S

NN

Merge simulated and

cleaned event to hybrid. HI1G-19-010
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CMS Fake Factor Technigue W@

 Used for the prediction of Mis-ID’d 7,4 due to hadronic jets

1. Measure ratio of anti-isolated taus to isolated ones in determination regions as a
function of the hadronic tau pt

1. W+Jets
2. QCD
3 tt

2. Corrections in terms of the other object pt

3. Correction for differences between measurement and signal region

4. Measure fractions of Mis-ID’d 15,4 In the isolated signal region with MC
5. Apply to anti-isolated signal region, and subtract any genuine contributions

 Used for the precision across a large number of kinematic variables

HIG-19-010
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UNIVERSITY OF WISCONSIN-MADISON

CMS STXS Category Purity i |

CMS Simulation Preliminary W% 137 fb™' (13 TeV)

\:I ggH-0j/pT[0-10] I:I ggH-0j/pT[10-200] \:I ggH-1j/pT[0-60]
- ggH-1j/pT[60-120] - ggH-1j/pT[120-200] - ggH-2j/pT[0-60]
- ggH-2j/pT[60-120] - ggH-2j/pT[120-200] - ggH-2j/mJJ[350-700]
\:I ggH-2j/mJJ>700 I:I ggH/pT[200-300] - ggH/pT[300-450]
- ggH/pT[450-650] - ggH/pT>650 \:| qqH-0j

- qqH-1j - qgH-2j/mJJ[0-60] - qgqH-2j/mJJ[60-120]

- qqH-2/mJJ[120-350] - qqH-2j/mJJ[350-700] - qqH-2j/mJJ>700 Exp.
events:
- qqH-2j/pT>200
> VBF/pTH>200 65.8
8) VBF/mJJ>700 | 29.7
@  VBF/MJ[350-700] | 34.6
e
© VBF/mJJ[0-350] | 237
o boosted-2/pT>300 253
8 boosted-2/pT[250-300] 23.9
'5' boosted-2/pT[200-250] 39.8
;_5 boosted-2/pT[120-200] 104.7
th boosted-2/pT[60-120] |l 125.0
g boosted-2/pT[0-60] |-- 69.5
O boosted-1/pT>300 12.0
Q boosted-1/pT[250-300] 10.7
boosted-1/pT[200-250] 22.1
boosted-1/pT[120-200] | 90.9
boosted-1/pT[60-120] | 204.1
boosted-1/pT[0-60] 238.1
OJ 1 I 1 | I‘ | ] | IL 1 | I | 1 1 | L 1 | 785'8
0 0.2 0.4 0.6 0.8 1

Signal fraction HIG-19-010
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TO p O I O g y S C h e m e CMS Preliminary Topology-based 137 fb™' (13 TeV)

-
Signal Strengths obs o Tt stat
th. stat. syst. bbb
v —e=== 0.1673:22 +163 +1.91 +1.00 +1.74
qqH non-VBF topo. ' -1Y.391 186 -1.92 -1.88 -2.13
M = -0.0470-84 +0.10 +0.48 +0.14 +0.23
mJJ[350-700] : Y% 056 -0.10 048 —0.15 —0.24
1
|
n & 0 65+0.49 +0.15 +0.30 +0.18 +0.31
mJJ>700 ; 09038 -0.16 020 —0.09 -0.18
woo s 0577044 +0.00 +0.38 +0.11 +0.18
qqH-2j/pT>200 . 21 042 009 036 -0.08 -0.18
. = +1.31 +1.10 +0.58 +0.27 +0.33
uggH-zmeJ<350 ! 0.64 550 053 -0.58 -0.31 ~0.51
w - 1.0Q*0-88 +0.51 +0.58 +0.25 +0.33
ggH/pT[200-300] ! Y9080 031 058 -0.29 -0.36
|
= +1.34 +0.36 +0.75 +0.29 +1.00
M ghipT>300 : 1.98 158 040 074 030 061
_ 4! +0.45 +0.04 +0.17 +0.37 +0.19
Hggh-aipT<200 ; 0.03 95 004 017 037 029
|
[T - 4 E*1-32+0.33 +0.72 +0.87 +0.61
ggH-1j/pT(0-60] ! 1-5371.33 045 —0.71 -0.84 —0.59
i
1
_ | B ont1.25 +0.83 +0.74 +0.38 +0.43
HogH-1ypi60-1201 : 3.860,%7 ‘051 -0.74 051 052
. +161 +0.94 +0.77 +0.75 +0.75
l'lggH-1i/|>T[120-2001 ! 2-064).94 -023 076 -0.28 —0.41
b b b b b b

0 5 10 15 20 25

Parameter value
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Topology Based Cross Sections W9 -

.+ Observed M +1c (stat) ——+1 [
N e . Topology-based

CMS Preliminary 137 fb™ (13 TeV)

Uncertainty in SM prediction

i : : Do 104072 : : : D g : : 1
10° b : | : o5t | | | s z P %0 z ; _

75.3 - . . .
P 22005 : : : P 112y

472 W

. DoEEEE D gggee2 |ouglgn

Ratio to SM

ggH/pT>300

ggH-0j/pT<200
ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
ggH-2j/mJJ<350
qqH non-VBF topo
qqH-2j/pT>200

HIG-19-010
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HI1G-16-043

* 3 categories
« 0 jet
« VBF
« Boosted

e u=1.06+0.25

HI1G-19-010

* 5 categories
e 0jet

VBF Low Higgs Pt

* u=0.85%01

VBF High Higgs Pt

Boosted High Higgs Pt
Boosted Low Higgs Pt

s CMS

30 - —4- Observed

E — H-11 (u=1.09)
C Ztt

% C I weiets

C QcD multijet

208 others

C D Bkg. unc.

15 et

S/(S+B) weighted events / GeV

o m ==
10— ﬁVBF: ut et eu

0 50 100 150 200 250 300
m,, (GeV)

5F
S I B I I
0 50 100 150 200 250 300
m,. (GeV)
CMS Preliminary 137 0" (13 TeV)

+Obs. [ |tt bkg. [lZ— eelup[]tt + jets

|:| T mis-ID . Others  Unc.

BH-1 (u=0.85)

(42 (2}
o o
o o
T T T T T

s

o

o
T

w
o
o
T T

T T T ]
-+- Obs. - bkg.| |
— H-o1t

Bkg. unc.

(S/B)-weighted events / GeV

%0. - 100 150

\
-
@
o
o

S/(S+B) weighted events / Ge

T
=T VT < L I I I I |
wf CMS 7 T
L 30_ — H-1t :
400f- #- Observed = 20 A
[ — Hoo =1.09) |:|Bkg. b
200F 2 10 ]
000: .:;:iumjm = I | o 1
[ Others —10f ]
-_ Bkg.unc. 00 ey beeedeclec ool _-
8o0r B * 0 50 100150 200250 300
- GeV)
600~ L+ Oet: 7,7, M ( ) -
L _ VBF: 1,7, ]
400: u Boosted: 1,7, ut, et el
200F——+—— .
T T N B I B
0 50 100 150 200 250 300

m.. (GeV)
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Comparison between ATLAS and CMS Cut CMs/

ATLAS WIS@“S'N

Based Analysis Styles
29

Similarities Differences

e VBF Category(ies) « ATLAS-Only: Control Regions

CMS-Only: Use of zero jet category

* 2 Jets + quality cuts Exact definitions and of categories:

I - « CMS:
* BOOSted Category(leS) ) « VBF High and Low Higgs Pt
e Not the Other Categories « Boosted Mono- and Multi- Jet
e ATLAS:
° ‘[JSe Of “fake_factor” meth()d il’l VBF Tight and Loose (and High di-tau Higgs Pt)

Boosted High and Low di-Tau Pt

semi-leptonic channel:
 However, details differ somewhat,

CMS-Only: Use of second variable/dimension in
categories

Prediction of Z — 7t region:
» ATLAS: MC with validation regions
* CMS: “Embedding” Technique

ATLAS: Other mis-ID tau methods
« Isolation inverted templates in fully leptonic channel
» Same sign method for hadronic taus.
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- - : CMS,
Impact Parameter and =° Method in CP Violation QL=

 I[mpact parameter method,

« Works via definition of vector to
point of closest approach

 This, and the reconstructed charged (,)CI_,? (,)CI_,? 4@?
vector define a (boosted) plane.

« Used for single #* and u decays

» 7% method, TR ; _
* Uses vector of neutral pion and \ At

vector of charged track to construct she |
planes that are then boosted : ; 0

« Used for any applicable decay mode

* Including three pronged a decay, where
a neutral rho is recreated, and the
opposite sign pion is treated as the “m®”

Impact parameter method used for both taus (left), #° method used
for both taus (center), and the mixed case (right)

HI1G-20-006
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CMS,

Rho Rho CP Analysis Final State o 2

CMS Preliminary 00 137 b
I I I I I

1 (13 TeV)
- (00,07) 1 (0.7,08) (0.8, 0.9) i

(0.9, 1.0)

]
e

Data

BestfitH — 171
jet — 1,

u — T Embed.
Others

— PSH — 17
Bestfit H — 171

PSH — 11
Bestfit H — 1T
Bkg. unc.

Bin number HI1G-20-006
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CMS VBF CP Violation Strategy W9

 CP Violation characterized by:

2
las|“o3
f 3 — d) 3 — CMS Preliminary VBF,eu+et +ut,f extraction 35.9 o' (13 TeV)
a | | 2 + | | 2 + | | 2 : a i — —4— Observed
al (0} 1 a 2 (0] 2 a 2 o 3 _g Dy €[0.0,0.2] - D,. €[0.2,0.4] Dy. <[0.4,0.8] D,. €[0.8,1.0] H

a3 B m, range (GeV): BH-

a r — - 103 Er500,800] = [800,1300]; [1300.<) |[300,800] E [800,1300]; [1300.=) |[300,800] E [800,1300]; [1300.<) |[300,800] 5[800,1300]2 [1300,e2) Z— T
g GCJ E : : : H : o H H - Z— uulee

a 1 Lﬁ I ti+jets

QCD multijet
B W+jets

 Matrix Element Likelihood J | - e pdmon:
Approach, “MELA” f r —(1
« Calculated based on event and decay S
angles
observation effort
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CMS VBFE CP Violation Results wDe |

o — +0.93 -3
fa3 C_()S(Qbag)_ — (0'0—0.43) X 10 CMS Preliminary 35.9 fb' (13TeV)
consistent with SM expectation A L
6 — Observed, H—1t (@) 7
T e Expected, H—1t i
- 4:_____-“_-":4‘_._":_____:
c | 95% CL ]
<
C\ll B |
2_ ]
__Gi"/O_CL______F(__________
0_| I I ! L [ ! |_
-0.1 -0.05 0 0.05 0.1

fas cos(q)a3)
HIG-17-034
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