Topic around the Higgs couplings
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Couplings and the Particle Mass
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What is Higgs coupling



Interaction related with the Higgs term
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Interaction related with the Higgs term
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-- need higher energy than 250 GeV
(CEPC) to explore this coupling.



Couplings and the Particle Mass
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Which precision on the
measurement of the couplings,
we want/need to achieve



Comparison of precision of the Higgs coupling
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Figure 15. The 7 parameter fit result, and comparison with the HL-LHC [45|. The projections for
the CEPC at 250 GeV with 5 ab™" integrated luminosity are shown. The CEPC results without
combination with the HL-LHC input are shown with dashed edges. The LHC projections for an
integrated luminosity of 300 fb~! are shown in dashed edges.



-xample of Higgs coupling deviation
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Figure 6: Two examples of models of new physics and their predicted effects on the pattern

of Higgs boson couplings. Left: a supersymmetric model. Right: a model with Higgs boson

compositeness.

The error bars indicate the 1o uncertainties expected from the model-
independent fit to the full ILC data set.

This is quite model dependent !!




How to measure/determine
the couplings




Determine
precisely the
coupling of
H->//

P(¢, £*)=(-0.8, 0.3), M =125 GeV
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Higgs Cross section ( Z*->7ZH <=> H->77 ) can be
obtained by using the inclusive Higgs decay

| |
Zh—u'u'X

Model independent analysis
L, =250, \'s = 250 GeV
P(e’, e*) = (-0.8, +0.3)
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### Note : the Higgs total width is expected as ~ 4MeV,
which can not measure directly, even with this inclusive analysis.




How to obtain the couplings

r a5 ].—'1.1;' W .
1. TIh= — mmm) DY Measuring the BRs, total
Blizz  Bhww width of Higgs boson is obtained .

9 BR(h— AA) =T(h — AA)/T,

mmm) By measuring the BRs for each particle, combined
with the total width of Higgs, the partial width ->
coupling constant can be obtained.




How to obtain the couplings

[ Key Point ] P(e, €)=(-0.8, 0.3), M =125 GeV
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mmm) Seems to be, , | [, will be decided from WW side.



Table 9. Estimated precision of Higes boson property measurements at the CEPC. All precision
are relative except for my and BR(H — inv) for which Ampy and 95% CL upper limit are quoted
respectively.

Ampyg 'y o(ZH) o(viH) x BR(H — bb)
5.9 MeV 3.3% 0.50% 3.1%
Decay mode o(ZH) x BR BR
H — bb 0.28% 0.57%
H — cc 3.3% 3.4%
H — gg 1.3% 1.4%
H— 77~ 0.8% 0.9%
H— WW* 1.1% 1.2%
H— Z7* 5.1% 5.1%
H — ~~ 8.2% 8.3%
H— pp™ 16% 16%

(H — Inv)psm — < 0.32%




Comments

It is also mentioned that there is a significant
contamination of ZH “background”, Z->vv, H->bb, 6 o108, 0.3), M 125 GeV
for the WW fusion, for 250 GeV... and it is not clear AU oy v o

] [ — SM all ffh
for me ( but at present ) this effect . | —zh ]
"-9\_.300 B — WW fusion
reference from the ILC c | ZZ fusion
and less significant beamstrahlung effect. On the other hand. the lowered energy is 8200 N
expected to have a significant impact on the measurement of the W fusion process $ i
(ete™ — vwh), the cross section of which becomes almost a factor of 10 smaller. 3 !
Moreover, due to the limited available phase space at 250 GeV, the missing mass 5100 N
spectrum in the v7h process is significantly overlapping with that in the Zh, 7 — v7 i
carat PETETITE NPETEET RPEEEN IR b S
reference from the CEPC 800 250 300 350 400 450 500

\s (GeV)

The precision from the method of 5.3 is 5.4%, dominated by the statistics of eTe™ —
ZH events with H — ZZ*, after ignoring the measurements correlation with other chan-
nels. Keeping only the correlations between the measured sub channels appearing in the
expression of 5.4, the precision on Higgs width is is 3.7%, dominated by the statistics of
ete~ — vH events with H — bb. This method uses the large Br(H — bb) value to com-
pensate the smaller cross section of the W fusion process o,,y. The combined precision of

the two measurements is 3.3%.



