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ECFA working groups & focus topics

Three working groups: WG1 (Physics), WG2 (Software), WG3 (Detector)
Several subgroups in WG1: Precision, Flavour, EFT/global interpretations, BSM, & the rest

‘The rest’ = Higgs/Top/EW or HTE convened by CH, Karsten Koeneke, Fabio Maltoni
Aim to produce a document in 2025 as input to the next European Strategy Update

15 focus topics have been defined as a central element of the document
Expert teams formed to develop a work plan for the topics

Presentation on ZH angular distributions given at the Paestum ECFA workshop
https://agenda.infn.it/event/34841/contributions/207599/

4 ZHang — Zh angular distributions and CP studies

Expert Team: Cheng Li, Chris Hays, Gudrid Moortgat-Pick, Ivanka Bozovic, Ken Mimasu, Markus
Klute, Sandra Kortner

Angular distributions in Zh production can be used to increase sensitivity to both CP-even and
CP-odd interactions of the Higgs boson. The Higgs self-coupling vertex appears at next-to-leading order
in Zh production, and a global analysis of CP-even interactions including angular distributions from this
process can improve the sensitivity to the self-coupling. The presence of a CP-odd component in Higgs-
boson interactions can be probed by reconstructing the Higgs and Z boson decay planes, or by measuring
and utilizing the polarizations of the Higgs-boson decay particles. These CP-odd interactions could
provide an ingredient to explain the observed matter-antimatter asymmetry in the universe. Prior analyses
of Zh production have found good sensitivity to CP-odd interactions, and a further understanding of this
sensitivity is a primary goal of this topic.
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CP-odd interactions: hVV status

Snowmass 2021 quantified sensitivity in terms of the CP-odd fraction fcp
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Target of fcp < 10-5 based on a benchmark model point of the 2HDM

Collider pp pp pp ete” ete” ete” ete™ e p vy ptpT ptpT| target
E (GeV) 14,000 14,000 100,000 250 350 500 1,000 1300 125 125 3000 |(theory)
L (fb™1) 300 3,000 30,000 250 350 500 1,000 1000 250 20 1000

hZZ/WWW |4-107° 2.5-107° v 3.9-107° 29-107° 1.3-107° 3.0-10°° v v V v | <107

ete- expectations use leptonic Z decays and assume equivalent sensitivity with quarks

pp expectations based on CMS projections using VBF production

2209.07510



CP-odd interactions: hVV possibilities

Joint analysis of SMEFT constraints on SU(2), U(1), and mixing operators (Chw, CHB, CHWB)
Complementarity with LHC VBF, Wh, Zh measurements
Include hZZ* and hWW™ decays

Joint analysis of CP-odd and CP-even constraints

Collider pp pp pp ete” ete” ete” ete™ e p vy ptpT ptpT| target
E (GeV) 14,000 14,000 100,000 250 350 500 1,000 1300 125 125 3000 |(theory)
L (fb™1) 300 3,000 30,000 250 350 500 1,000 1000 250 20 1000

hZZ/WWW |4-107° 2.5-107° v 3.9-107° 29-107° 1.3-107° 3.0-10°° v v V v | <107

Experimental sensitivity at FCC-ee with 5/ab per experiment including backgrounds
Experimental sensitivity at ILC including beam polarization scenarios including backgrounds
Sensitivity at proposed HALHF collider

Potential gains from optimal observables or other multivariate methods
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CP-odd interactions: Polarization for hVV

Table 1

Decay-lepton correlations as probes of anomalous ZZH and yZH interactions
in eTe~ — HZ with polarized beams

Saurabh D. Rindani *, Pankaj Sharma

2. Polarization effects in the process ete~ — HZ

We consider the process

e”(p1) +et(p2) = Z%(q) + H(k)

— L (p+) + €7 (pr-) + H(k),

(2)

PLB 693, 134 (2010)

The 95% CL limits on the anomalous ZZH and yZH couplings, chosen nonzero one at a time, from various observables with unpolarized and longitudinally polarized beams.

Observable Coupling Limits for polarizations
P, =0.0 P; =0.8 P;=0.8
P, =0.0 P. =0.6 P, =-06
Xi (p1 — p2).q Imby 411 x 1072 8.69 x 102 9.94x 1073
Imb, 1.49x 1072 2.06 x 1072 1.22x1072
X P.(pi- — pi+) Imby 4.12x 1072 5.99 x 102 3.84x 1072
Imb, 5.23x 107! 3.12x 107! 5.52 x 1072
X3 (P~ X P+)z Reb, 1.41x 107! 2.97 x 107! 3.40 x 102
Reb, 5.09 x 1072 7.05x 1072 4.15x 1072
X4 (p1 — p2)-(pi- — pi+) X (P~ X D)z Reb, 2.95x 102 429x 1072 2.75x 1072
Reb, 3.81x107! 2.24x 107! 3.95 x 1072
Xs (p1 — P2)-9(P1- X Pi+)2 Imby 7.12x 1072 1.04x 107! 6.64 x 10~
Imb,, 9.10x 107! 5.42x 107! 9.53 x 1072
X6 P.(pi- — pi+) (P~ X D1+ )z Imb;, 7.12 x 1072 1.50 x 107! 1.72 x 1072
Imb,, 2.58 x 1072 3.57 x 1072 2.10x 1072
X7 [(p1 — p2)-.q)? Reby 1.75 x 1072 2.54x 1072 1.63 x 1072
Reb, 2.23x 107! 1.34x 107! 2.35x 1072
Xs [((p1 — p2).(p1- — pi+)T? Reb; 1.53 x 1072 2.22 x 1072 1.42 x 102
Reb, 1.94 x 107! 1.16x 107! 2.04x 1072




CP-odd interactions: hff & loop-induced

Target of fcp < 102 based on a benchmark model point of the 2HDM

Collider pp pp pp ete” ete” ete” ete™ e p vy putu ptuT| target
E (GeV) [14,000 14,000 100,000 250 350 500 1,000 1300 125 125 3000 |(theory)
L (fb™1) 300 3,000 30,000 250 350 500 1,000 1000 250 20 1000
hryy —~ 0.50 v —~ — — —~ - 0.06 - - | <1072
hZ~ —~ ~1 v — — —~ ~1 - - - - | <1077
hgg 0.12  0.011 v - —~ —~ —~ - - - - | <1072
htt 0.24  0.05 v - — 0.29 0.08 v - - v | <1072
hrT 0.07  0.008 v 0.01 0.01 0.02 006 - v V v | <1072
o - - - - - - - - -V - | <1072
Possibllities:
Complete experimental analysis of h — ©7 including uncertainties
hZy and hyy sensitivity

Joint SMEFT CP-even + CP-odd analysis
Extend benchmark models



CP-even interactions

Zh has sensitivity to self-coupling through NLO loop
Can angular information improve sensitivity?
How does sensitivity change in a global NLO SMEFT analysis?

Can we extend a global SMEFT analysis to dimension-8 and 1/A*?

normalised distributions

normalised distribution

ZZh loop k) vertex: Fa(p,?) (61 ° 62) + Fb(p?) (p1 . 62)(,02 . 61)
with F,/F, ~ 1072 so only < 10™* differential effect
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Today’s meeting

ECFA meeting on e+e- to ZH angular measurements
Tuesday 12 Dec 2023, 14:00 — 17:00 Europe/Zurich

Videoconference %" ZHAng focus topio

Introduction

Speaker: Chris Hays (University

Probing the Higgs with angular observables at future e+e- colliders ® 20m

Speakers: Jiayin Gu (IHEP, cAS), Jiayin Gu (Fudan Univer

FCC-ee ZH CP studies ® 20m

Speaker: Nicholas Pinto (Johns Hopkins University)

FCC-ee CP Studies.... J| FCC-ee CP Studies...

Sensitivity to CP-odd HVV interactions at the 1 TeV ILC ® 20m

Speaker: lvanka Bozovic-Jelisavcic (University of Belgrade (RS)

Higgs self-coupling sensitivity in ZH production (theory) ® 20m

Speaker: Johannes Braathen (DESY)




Rindani & Sharma

2. Polarization effects in the process ete~ — HZ

We consider the process

e (p1) +e(p2) = Z%(q) + H(k)
— LY (p) + € (p-) + Hk),

Table 1
The 95% CL limits on the anomalous ZZH and yZH couplings, chosen nonzero one at a time, from various observables with unpolarized and longitudinally polarized beams.

3. Observables

We have evaluated the expectation values of observables
X;i (i=1,2,...,8) for unpolarized and longitudinally polarized
beams, and observables Y; (i=1,2,...,6) for transversely polar-
ized beams. The observables X; and Y; are respectively sensitive
to longitudinal transverse beam polarizations. The definitions of X;
and Y; are found respectively in Tables 1 and 3.

Observable Coupling Limits for polarizations
P, =0.0 P, =038 P, =08
PL=0.0 PL=0.6 PL=-06
X1 (p1 — P2).q Imby 411x1072 8.69 x 102 9.94x 1073
Imb, 1.49 x 1072 2.06 x 1072 1.22x 1072
X P.(pi- — pi+) Imb; 412 x 1072 5.99 x 102 3.84x 1072
Imb, 5.23 x 107! 3.12x 107! 5.52x 1072
X3 (D1~ X P+ )z Reby 1.41x 107! 2.97 x 107! 3.40 x 1072
Reb, 5.09 x 1072 7.05 x 1072 4.15x1072
X4 (p1— p2)-(p- — pi+) X (Pi- X Pi+)z Reby 2.95x 1072 429 x 1072 2.75x 1072
Reb, 3.81x 107! 2.24x 107! 3.95x 1072
Xs (p1 — p2).9(P1- X P+)z Imb 7.12x 1072 1.04x 107! 6.64 x 1072
Imb,, 9.10x 107! 5.42x 107! 9.53x 1072
X6 P.(p- — pi+)(Pi- X Pi+)z Imb;, 7.12 x 1072 1.50 x 107! 1.72 x 1072
Imb, 2.58 x 1072 3.57 x 1072 2.10x 1072
X7 [(p1 — p2)-.9)? Reby 1.75 x 1072 2.54x 1072 1.63 x 1072
Reb, 2.23x107! 1.34x 107! 2.35x 1072
Xs [((p1 — p2).(p1- — pi)T? Rebz 1.53 x 1072 2.22x1072 1.42 x 1072
Reb, 1.94x 107! 1.16x 107! 2.04x 1072




Rindani & Sharma

' N : ' L ' Table 2
0.04| NS T | Simultaneous 95% CL limits on . anqmalous ZZH .and yZH. cogplings from various
' e observables using different longitudinal polarization combinations (0, 0), i.e,, P; =
ot 0,0 -oeoeeemeen. _ 0,P; =0, (&, F), ie, (PL ==+0.8, P = F0.6).
+, = Observable Coupling Limit on coupling for the polarization combination
T -t 0,0, (=4 (0,0, () (= ()

SN NS X Imb 4.50 x 102 3.59 x 102 2.14 x 1072
N e A L Imb, 4.28 x 1072 2.74x 1072 3.04 x 1072
E 0 _ ........................................ 5 ..................... . Xz ImEZ 973 x 10_2 7 56 x 10_2 8.54 x 10_2
N | L _ Imb, 306x10~1  219x10~!  1.37x10"!
e X3 Reb; 1.54x 107! 1.22x 107! 7.29x 1072
0.02 A ) Reb, 1.46 x 107! 9.31 x 102 1.08 x 107!
""""""" X4 Reb; 537x1072  6.89x1072  6.10x 1072
Reb,, 1.56x 107! 2.18 x 107! 9.78 x 1072
““““““““ Xs Imby 1.67 x 107! 1.29x 1071 1.48 x 1071
004 L . Imb, 5.27 x 107! 3.76 x 107! 2.36 x 107!
........... X6 Imbz 7.79x 1072 6.18x107%  3.69x 1072
01 T 005 | P 005 0.1 Imb, 739%x1072  472x1072  527x1072
X7 Reby 2.53 x 1072 1.27 x 1072 3.11x 1072
Im by Reb, 1.05x107"  574x1072  5.11x1072
X3 Reby 2.58 x 1072 2.05 x 1072 3.37x 1072
Fig. 1. The region in the Imbz-Imb, plane accessible at the 95% CL with observable Reb,, 1.15x 107! 6.33x 1072 5.26x 1072

X1 with different longitudinal beam polarization configurations.
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Additional information

Together with a work plan the team should identify MC and detector requirements
SM MC sample requests can be made to the various e+e- collaborations

Any required MC development should be fed back to WG2
Recent generator workshop highlighted the need for polarization information

ECFA Higgs Factories: 2nd Topical Meeting on Generators

21 Jun 2023, 10:30 — 22 Jun 20283, 16:00 Europe/Zurich

Likewise detector and reconstruction requirements should be fed back to WG3
Reconstruction workshop July 11-12 nttps:/indico.cern.ch/event/1283129

The first step is the work plan summary (2-3 pages)
The comprehensive results should be published in a journal or as a SciPost report

The results will be summarized in the 2025 ECFA document
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