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We propose differential observables for pp — £ (7€~ )h(bb) that can be used to completely deter-
mine the tensor structure of the hZ Z* /hZ f f couplings relevant to this process in the dimgnsiun—ﬂ
SMEFT. In particular, we propose a strategy to probe the anomalous hZ,, 2% and he,, ZF ver-

tices at the percent level. We show that this can achieved by resurrecting the interference term
between the transverse £h amplitude, which receives contributions from the above couplings, and

the dominant SM longitudinal amplitude. These contributions are hard to isolate without a knowl-
edge of the analytical amplitude, as they vanish unless the process is studied differentially in three

different angular variables at the level of the £-decay products. By also including the differential
distributions with respect to energy variables, we obtain projected bounds for the two other tensor

structures of the Higgs coupling to £-bosons.

\ based on an EFT model, can we say something
" together with our HZZ results ? )

N e L e

U
1
4
/
/

e e o e e = e = - - - - - - - - - - - ———— =

~

1



Contents of this article is an EFT model

-- Generally speaking, common discussions also found in the other papers/references

II. DIFFERENTIAL ANATOMY OF
pp — Z(£Y{7)h(bb) IN THE SMEFT

Inclnding all possible dimension 6 corrections, the most

general hZZ* /hZ f f vertex can be parameterised as fol-
lows (see for eg. Refs [12, 36, 37])!,
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the EFT model which generates
anomaly coupling at HZZ vertex

Z A(3,0,8,¢)|* = arr, sin® O sin® § + a1 cos O cos f
L.R

+ aF (1 4 cos® ©)(1 + cos® f) + cos psin Osinf
x (a} + a3 cosfcos ©) + sin @ sin O sin §

x (@ + @i cosf cos ©) + apr: cos 2psin® O sin” f
+ @y sin 2 sin? © sin? 6.

(7)

signal amplitude has angle
dependences



For reference: Coordinate and frames used in this paper

Beam Axis

@ InZhCoM
[ rlaneofZ-1l @ InllCoM

The point | misunderstand is that this HZZ couplingis efe -> /*->H/
but not H->Z/*



- |f we look at the CEPC white paper, this study is
already included

-- from next page, itis about the while paper & a reference from that
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Constraints on the top-quark and bottom-quark
Yukawa couplings, including their OF phases, are pre-
semtedd, respectively, in the left and right panels of
Fig. 24, respectively. The 68'% and 95% CL exclusion
bands are shown in solid and dashed lines. The limits for
the CEPC are shown in bright black and mapgenta lines
for individual operator analysis and the bright green and
yellow shaded regions representing the allowed parame-
ter space at GEW, and 95%, CL, respectively. The dimmed
thick black curves represent the results after turning on
both operators Oy and Oy at the same time, using
a profile-likelihoosd method profiling over other param-
oters.  Furthermore, in the left panel the eyan band
represents constraints from the HL-LHC t£H messure-
ments, red bamds are constraints from the CEPC H — gg
measurements and blue bands are constraints from the
CEPC H — 7y measurements. Similarly, in the right
paned, the evan bands are constraints from B — 6 and
the red bands are constraints from H — gg at the CEPC.

The left panel of Fig. 24 shows that the expected
seqitivity om the modifieation in the magnitude of top-
quark Yukawa coupling is around +3% for the single
operator analysis. This is relaxed to [—0.5%, +3%)] as-
suming zero OF phase for the top-quark Yolawa cou-
pling and allowing the bottom-gquark Yukawa coupling
and its phase to vary freely. The phase of the top-
quark Yukawa coupling can be constrained to +0.16%.
This constraint is driven by the H — 9y messurement,
where a sizable plase shift will enlarge the H — yy de-
cay rate via reducing the interference with the SM W

boson loop. The constraint on the magnitude of the top

quark Yukawa coupling is driven bw the H — gg ofea
surement which is dominated by the top-gquark logh con-
tribution. MNote that constraints from the H — i? mea-
surement are not constant with respect to the Kukawa
coupling magnitude. This is due to the different bsizes of
the top-quark loop contribation to Hgg through sealar
amd pseudoscalar couplings. Similarly, as in the
right panel of Fig. 34 for the bottem-quark Yukajea cou-
pling, the constraint for the magmitude is +2.5%. For
the OF phase, the constraint changes from +=04TT to
wero when the top-quark Yukawa coupling is ]eﬂlfme.

|
8 Higgs boson CF test and exotic decays

In addition to the studies based on the sinjulation
of the CEPC baseline conceptual detector, the i.ti\"-
ity of tests on Higgs boson spin/CF properties and in
constraining branching ratice of Higpgs boson nxrt.u: de-
cays are also estimated. These estimates are based on
previously published phenomenological studies kod are
summarized in this section. \

8.1 Tests of Higgs boson spin/CF property

The CF propertics of the Higgs boson and, more gen-
erally, its amomalous couplings to gauge bosons in the
presence of BSM physics, ean be measured at the CEPC
u=ing the ete~(— Z°) — ZH — ptp bb process. It is
convenient to express the effects of the anomalos cou-
plings in terms of the fractions of events from the anoma-
lous contribution relative to the SM predictions. These
fractions are invariant under the independent rescalings
of all couplings, see Refi. [128-130].

Two of the anomalous HEZZ coupling measurements
are of particular interest at the CEPC: the fraction of
the high-order CFP-even contribntion doe to either SM
contribution or new physics, faz, and the fraction of a
CF-oiid contribution due to new physies, f .. The fol-
lowing two types of observables can be used to mesure
these anomalous couplings of the Higps bosons.

1. The dependence of the ete~ — Z* — ZH cross see-
tion on /7 is different for different CF property of
the Higgs boson [130]. Therefore, measurements of
the cross section at several different energies will
yield useful information abomt anomadouws HEE
couplings. However this has non-trivial implica-
tions to the accelerator design and is not ineloded
in this study as a single value of F is assumed for
the CEPC operating as a Higes boson factory.

2. Angular distributions, cos#, or cosfy and & as de-

- i a2 A, Thase apeley Ape alsg samsite

to interference between CFP-even and CFP-odd co-

plings. In particolar forward-backward asymmetry

with respect to cosf, or cosfy and non-trivial phase

in the & distributions can lead to an unambignous
interpretation of CF violation.

Fig. 35.  The Higgs boson production and decay
angles for the efe 2 2° 2 ZH —!-;.IIJ.I_E'L pro-
cess (130,
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From the reference in the

white paper : SNOW13-00159, FERMILAB-PUB-13-386-PPD, arXiv:1309.4819 [hep-ph]
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FIG. 1: Illustrations of H particle production and decay in pp or e e collision gg/qq —+ H =+ 22 — 46t (left), ete™ (gq) —
Z* 4+ ZH — ¢7{ bb (middle), or eTe (gq') = eTe (gy' ) H — eT e (qq')bb (right). The H — bb decay and H ZZ coupling are
shown as examples, so that £ can be substituted by other vector bosons. Five angles fully characterize the orientation of the
production and decay chain and are defined in the suitable rest frames.



SNOW13-00159, FERMILAB-PUB-13-386-PPD, arXiv:1309.4819 [hep-ph]
1. The H —+ V1'* process

We begin by describing the decay process H — V'V — 4Af, following notation of Refs. [7, 8. This process is
important not only because it can be used directly to constrain anomalous couplings but also because various crossings
of H — V'V amplitude give amphtudes for associated Higes boson production and vector boson fusion. Complete
description of the decay amplitude for H — VV'™* requires two invariant masses and five angles, defined in Fig. 1. We
collectively denote these angles as 0 = (cos 8%, @y, cosfi,cosfa, ®). The probability distribution that describes the
decay of a Higgs boson to two gauge hosons V' is written as
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FIG. 14: Distributions of the observables in the H — Z7 analysis, from left to right: my, ma (where my > ma), cos 8y (same
as cos f2), and . Points show simulated events and lines show projections of analytical distributions. Four scenarios are shown:
SM (07", red open circles), psendoscalar (0, blue diamonds), and two mixed states corresponding to fya = 0.5 with ¢y3 = 0
(green squares) and 7/2 (magenta points). For a spin-zero particle, distributions in cos 8 and @4 are trivially flat, but this is
not true for higher-spin states [8] or with detector effects.



Comments

the study at the ILC ( for example, arXiv: 1712.09772v1 ) or
presentation by Fadol on workshop @PKU
( https://indico.ihep.ac.cn/event/9832/session/9/contribution/20/material/sli
des/0.pdf )
utilizes the ee->7*->7/H vertex , but not ee->Z*->7ZH->7ZH(->77) vertex.

probably due to the difference of statistics and so on.

(my personal feeling is that ...) Can we still perform the differential analysis ?
| mean , for example, ee->Z*->7H->7ZH(->Z7) has two HZZ vertices, can we
do something with that, though the statistics would be the clear problem.


https://indico.ihep.ac.cn/event/9832/session/9/contribution/20/material/slides/0.pdf

