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HZ7Z vertex function

Anomalous couplings for the ZZH vertex can be also induced
Z,(p1)
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HZ/ vertex function

Anomalous couplings for the ZZH vertex can also be induced
Zy(p1)

Similar for the HW*WT case
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hl.V in terms of the anomalous couplings

Induced at one-loop ¢Induced at three-
level in the SM. loop level in the SM?




HZ/ vertex function

Anomalous couplings for the ZZH vertex can be also induced
Zy(p1)

Similar for the HW*WT case
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hl.V in terms of the anomalous couplings

CP-conserving CP-violating
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//H% in the SM

The from factor hf is complex
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Unpolarized decay

hY =Re[h)] + ilm[h]

We considere the anomalous couplings as complex

We calculate the partial width
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Unpolarized decay

We considere the anomalous couplings as complex

hY =Re[h)] + ilm[h]

We calculate the partial width
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Polarized decay

S hl.V = Re[hiV] + iIm[hl.V]

We considere the anomalous couplings as complex

We calculate the partial width




Polarized decay

2 hl.V = Re[hiV] + iIm[hl.V]

We considere the anomalous couplings as complex

We calculate the partial width
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Polarized decay

2 hl.V = Re[hiV] + iIm[hl.V]

We considere the anomalous couplings as complex

We calculate the partial width
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Polarized decay

2 hl.V = Re[hiV] + iIm[hl.V]

We considere the anomalous couplings as complex

We calculate the partial width
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Polarized decay

2 hl.V = Re[hiV] + iIm[hl.V]

We considere the anomalous couplings as complex

We calculate the partial width
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Polarized decay

We considere the anomalous couplings as complex B hY =Re[h)] + ilm[h]

We calculate the partial width

‘: To mduoe a non-zero asymmetry 2 elements are requwe
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Polarized decay
4m3lqlly/a* — 4m3 (Re[nf]im [t] - Re[nt!]1m[nf]

7 (g2 am3) (Re[A2+ 11012 ) + A+ Re )

g =

1.00 -
0755
0505
025 _‘__’__‘_5_ Scenario |
1 __’__‘__‘— i . .
e ] _e—4-— ; Scenario Ii
S 0.00 =t mtm bt — D
< ] . —=-- Scenario iii
0 Scenario iv
—0.50 A
—0755
—1005
200 400 600 800 1000 1200 1400
”CI” [Gev] A. I. Hernandez-Juarez, G. Tavares-

Velasco, and A. Fernandez-Tallez, New
evaluation of the HZZ coupling: Direct
bounds on anomalous contributions and
CP-violating effects via a new
asymmetry, Phys. Rev. D 107, 115031
(2023).



O (q1)

Polarized decay
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/A indicates the polarization of the Z bosons Unpolarized angular observables
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Polarized d,y
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Polarized decay

88 * > 77 — 4l > H*(q) hi
et oy
5 variables in the
space phase: Z(p2)
{ pi,p3, ¢, cos 6, cos b, )
. 52(Q4)

_ THH* = TR = Ty = T
" THHS = AR + THH = A7)




li(q)

Unpolarlzed _dcay

Z(p1)
gg 01(q2)
———— 52(%)
A. I. Hernandez-Juarez, R. Gaitan, and 5 variables in the
G. Tavares-Velasco Polarized and 3 . 7
’ ¥ space phase: (p2)
unpolarized off-shell H*- ZZ - 41 decay ' 2 2p P
above the 2m; threshold, Chin. Phys. Gl ]71,192,45,00581,00592 ~
48, 113103 (2024), arXiv:2402.18497 ¥ - l2(q4)

[hep-ph].
Co(H* - ZZ — €,6,656,) — Ug(H* > ZZ — €,6,6,F,)

FB — —~ . 2 > - - -
1—‘F([{>X< — ZZ —> Lﬂlfllexﬂz) + FB(H* — ZZ —> fll/ﬂlfzfz)
2.00%1073 P
Zero in the SM
1.00x1073
0.00
iy
—-1.00x107°3
<§ /
f -f\-* Scenario 1
—2.00x107 . -¥ - Scenario 2
.A =®- Scenario3 |
—3.00x1073 4= o -
A ;
-400x103 Y4p—vn+0——+—17pr—+—+—+—7+r-+—+——++r——-—
200 400 600 800 1000 1200 1400

Q [GeV]



li(q)

Unpolarlzed _dcay

Z(p1)
gg (1(q2)
——— N — 52(613)
A. I. Hernandez-Juarez, R. Gaitan, and 5 variables in the
G. Tavares-Velasco Polarized and 3 . 7
) space phase: (P2)
unpolarized off-shell H* -~ ZZ - 41 decay ' ) 2p P
above the 2m; threshold, Chin. Phys. GGl pl,P2,¢, 00831,00892 B
48, 113103 (2024), arXiv:2402. 18497 - l>(q4)
[hep-ph]. ~2m 4 d
dp— l_‘H*—>ZZ—>e‘e+,u—,u+ - d¢g l_‘H*—>ZZ—>e—e+,u—,u+
d¢ d¢
Jir “0
o , =
¢ r-271' d rJT d
d§b FH*—>ZZ—>e—e+pt—,Lt+ + d¢ FH*—>ZZ—>e—e+,u—,u+
Jr d “0 d¢
OXI0™ Pt Zero in the SM
: .‘—---A--—A—-A—--i--—A-—-A—--A--—&
8x107% 1 A’ C
7><10-4—f 3
6X10_4_5 A -+ Scenario 1
‘ -V - Scenario 2
2N 5"10_4'5‘ = ®- Scenario 3
<( 4x107* 1|
3><10‘4-3‘
2x107% . A
Sl WO EEL SRR AL EEL SER) AEE BEE .
. .

200 400 600 800 1000 1200 1400

Q [GeV]



Polarized decay in TNGBC
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Polarized decay in TNGBC
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Polarized decay in TNGBC

At the LHC is not possible to distinguish if the Zy pair arise from an off-shell Z or y

A Z




Polarized decay in TNGBC

At the LHC is not possible to distinguish if the Zy pair arise from an off-shell Z or y
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But if we consider the polarizations of the Zy final state...




Polarized decay in TNGBC

We can compute
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Polarized decay in TNGBC

We can compute
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Two different non-zero polarized final sates:
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M4(Z* — Z(A)y(L)) Only for an off-shell Z boson

' If we study transversally polarized Zy pairs, we can know if they arise from an Z or y off-shell :



Polarized decay in TNGBC
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Polarized decay in TNGBC
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Summary

e Complex form factors and CP violation are necessary to
induce new left-right asymmetries.

e Polarized observables can lead to interesting results in
the HZZ coupling.

* Polarized observables can be useful to distinguish off-
shell contributions.
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