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Introduction

Introduction

» The precision Higgs data can provide strong constraint on new physics.

» So far most studies are based on rate measurements.

> Angular distribution of the events can provide additional information.

» Theoretical calculations have been done in e.g. 1406.1361(Beneke, Boito,
Wang) using Higgs effective field theory.

> No existing phenomenology study yet.
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Angular observables

Angular observables in HZ production

» Three angles in each event.

> |t is convenient to define asymmetry observables in the form

CONp - N

A= n

» Focusing on leptonic decay of Z (good resolution, small background).
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Angular observables

Angular observables in HZ production
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Higgs effective field theory

Higgs effective field theory

Ogo = (PTO)O(DTD)

Osp = (PTD"®)* (®TD, D)
<~ —
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0%) = (@1iDL®) Iy 't

L= 3 yHril)

<>

Ose = (®TiD,®) (27" e)

Our = (b 0)(E4"0)

Osw = (DTO)W,, WH”
Ogp = (2T®)B,, B
Osung = (@'7'®)W.,, B
w = (®T®) W, W
5= (®'®)B,, B

OCI>
Otb
Opis = (®TT'®)W.,, B

Table: A complete basis of dimension-6 operators contributing to et e~ — Zh. Here

the 7/ are the Pauli matrices.

» Starting with dimension-6 operators, we can derive the Higgs effective

Lagrangian

Lot D D) hZ,Z" + D02, 2" + cish Z,w 2" + cazh Zu A + c,3hZy AM

+ hZMZ'Y” (CV + CA'Y5) £+ ZMZ’YH (gv - gA'YS)é - gengAuf_’y’Lﬁ .
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Higgs effective field theory

Angular observables in terms of Wilson coefficients

» Using the Higgs effective Lagrangian we can derive the cross section and
angular observables as functions of the Wilson coefficients.
» Keeping the linear order terms of the Wilson coefficients (& = %ak,
Vs = 240 GeV).
o[fb] ~ 7.82 + 16 Gon — 5.3 dap + 69 dow + 17 das + 27 davs
+ 13264, + 7948 — 1154 e + 26 duy
Ag, = —0.447 + 0.29 Gow + 0.070 Gap + 0.14 Gaus,
ALY 2 017 g — 0.14 G — 0.077 Grg 3,
AP~ 0.46 Gy + 0.11 Gz + 0.2 gz,
AP 2 0.0105 — 0.21 Gop + 0.51 Gew — 0.51 Gaos — 1.33 Gaus
+1.1745) +0.326%) +1.33 e e + 0.42 4y,
.A((;) ~ 0.0961 + 0.088 &pw + 0.021 &op + 0.043 Gous ,
Acoy,c0, = —0.0581 + 0.12 &ap — 0.33 daw + 0.32 &as + 0.76 Gous
—0.654%) —0.184%) — 0.74 &a e — 0.24 Gy .
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Higgs effective field theory
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Expected precision

Expected precision and statistical uncertainty

> A= xi;x: = % — 1, where Ny has a binomial distribution with

standard deviation on, = /N p(1 — p), where p is the probability for a
event to be counted into N.

/11— A? 1
oA = N %W\[ (1)

> With /s = 240 GeV and 5ab~! data, for the channel
e et — ZH — 10~ bb, there are ~ 22100 events after cuts.

» lo uncertainty of A

| observable | SM expectation || o4 for 5ab— 1! |

Ao, 0.447 0.0060
ALY 0 0.0067
AP 0 0.0067
AP 0.0105 0.0067
ALY 0.0961 0.0067
Aot <00 20.00581 0.0067
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Expected precision

Detector effects

» For SM, we used the events generated with Whizard by our experimental
colleagues. (Thanks!)

> For new physics, we used Madgraphb with dimenion-6 operator model file
generated via FeynRules.

» For simulation, we focus on the process e~ e" — ZH — u~ ™ bb.
> Resolution, ISR effects (turned out to be small).

» 10° < 6, < 170°, 81 GeV < m,—,+ < 101 GeV,
120 GeV < Myecoi1 < 150 GeV, b-tagging.
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Expected precision

Detector effects
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» The effects are much smaller than the statistical uncertainties except for
AL (~ 0.093 = ~ 0.058 with the cut10° < 6, < 170°).

» |t shifts the central value but has little effects on the sensitivities to new
physics (need to be further verified).

» We have justified that statistical uncertainties dominate in our study.
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Constraints on new physics

Constraining Wilson Coefficients
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Constraints on new physics
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» FCC-ee: 3x CEPC luminosity at each IP, twice IPs (4 vs. 2).

> In principle one could use the full statistics (including other decay channels
of Z and H), which requires further study.

> Plots made by simply scaling the statistics of CEPC by 6 (for FCC-ee) and
60 (for FCC-ee FS).
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Constraints on new physics

A (bad) example on model implication...

1200
-0
—ag+A

sold ine: 68%CL » Not so useful for probing Stop!

1000 dotted line: 95%CL.

» Loop suppressed.

» The Wilson coefficients can be more sensitive
to non-perturbative models.
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Conclusion

Conclusion

» The angular observables in the HZ production at CEPC contain useful
information about possible new physics and should be measured and
studied.

» There are a wide range of interesting future directions.

» Hadronic channel of Z, other decay channels of Higgs...

» ILC can study this process at higher /s and also with polarized beams.
» Asymmetry observables — distributions.

> We should try to extract as much information as we could from future
colliders.
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