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The measurement of o(ete™ — HZ) at
future accellerators can be an important
source of information on New Physics (NP)

New Physics ~ 1TeV

If we assume that NP exists at | > < s — M2

scales A > 1TeV, we can use

Effective Field Theories (EFT) to
describe the effects of NP on

precise searches. 1 1
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Standard Model
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Operators respect SM gauge symmetries

We parametrize the effect
of NPoneTe™ — HZ
using the SMEFT

We considered the inclusion of
all operators that contribute to

eTe” — HZ at Leading Order
(LO) and (electro-weak) Next-

0,[1,1,3,3] ¢ to-Leading Order (NLO)
_ %
t
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There are 2 reasons to calculate the NLO corrections.

@4)[[191]

Higher precisions bounds on
operators that are already
present at LO

Possible bounds on
operators that do not
enter at LO
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Our calculation

SM results, including LO and virtual NLO,
excluding QED contributions

SM virtual and real QED contributions
1
= Osmnio)| | "‘ 2 Z Cgi(ﬂ){

EFT results, including LO and virtual NLO,
excluding IR divergent contributions
EFT - RGE contributions
EFT virtual and real QED (IR divergent) contributions

SM results agree with literature: A. Freitas and Q. Song Phys. Rev. Lett. 130 no. 3, (2023) 031801
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G, = 1.16638 x 107° GeV 2,

We calculated in a mixed ME® = 80.379 GeV,
renormalization scheme, with MZ® = 91.1876 GeV

On-Shell SM parameters and MS My = 125.1 GeV .
for EFT operators.We used a m; = 172.76 GeV,

{G,, Mz, My} input scheme m. = 0.511 MeV .

~

(" . .
We considered possible future measurements at

~ 240 GeV, 365 GeV & 500 GeV
_ (assuming 0.5 %, 1 % & 1 % accuracy respectively ) |

— LO — NLO (weak only) — NLO — LO — NLO (weak only) — NLO — LO — NLO (weak only) — NLO

etem = 112, SM

Furthermore we
consider both
polarized and

unpolarized beams

do/dcosd [fb)]
do/dcosé [fb]

cos

/S e SHZ SM ) SN ctet s HZ SM : :
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cosfl
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Single fit limits on operators
that appear at LO, vs. limits
from the global fit.

In general NLO bounds are not
much different from LO bounds.

Only noteworthy execption is € yy:
~0.2atLOvs ~ (0.7 at NLO

[

c12,)

Allowed Region with 0.5% Measurement A = 1 TeV, /s = 240 GeV
¥ v T vyt y T v LA | v v | LA | T

cy’

0.001

Vs

. ) <
Unpolarized (GeV] AZ(LO)/A2 AE’VI:I;S)/A2 A ,QED/A? AENLO)/A2 Ai/A?
240 ( 2.08-10-2) (-1.20-10-2 ) -2.46 - 103 ( 6.34-10‘3> -1.12-10°3
CeD 365 U8~ 135 2.36-10°3 69" -1.17-103
500 2.09 - 102 -1.65 - 102 4.18 - 1073 8.66-102 -1.25-10°3
Vs (NLO),L - (NLO),R — (NLO)
[GeV] M A /A2 A weak /A A /A2 A weak /N
P—
240 \_1.80-10') -9.33-10% ( -1.97-10!) 8.79 - 1073 8.80- 103
365 1.71-101! -9.19-103 “T.OT- 8.53-103 7.34-103
500 1.66 - 10! -9.13-103 -1.86 - 101 8.03-103 4.49-103

e,
eis)
a1 oz io
Cows "= 240 GeV
Con
Con
 Can

Large cancellation between
LO and NLO contribution

(in actuality cancellation
between Right and Left
polarization)

Global fit: |. Ellis, M. Madigan, K. Mimasu,V. Sanz, and T.You |HEP 04 (2021) 279
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LO : =3 1/A* £ partial 1/A*

When multiple operators are NLO: = 1/A’ B partial 1/A°
COn i Sd e red at th e Sam e ti me’ th e ; 2.»\_1110\\'10(1 'Rogiml, \\’i:th (‘).:')‘7( .\'Ioasur(:mornt. '.\ : l'T(‘"\f'. Vs = 240’ G:aj/'
_resulting limits could be quite different. | ‘

Small changes to the flat direction in
the G,y — € 4p plane leads to large

change in the bounds SER

-0.1

Effects of NLO corrections in

global fits are relevant

The inclusion of 1/A* can also have a large effect, but this is not a
well-definied procedure at NLO (without dim-8 operators). One can
interpret the 1/A%-1/A* overlap region as the region of “validity”.
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T LO 3 RGE [ RGE + finite

Allowed Region with 0.5% Measurement, A = 1 TeV, /s = 240 GeV

In our calculations we included not
only RGE effects, but also finite
(i.e. not log dependent) contributions.

(", . ~
We see that in many cases the effect of _ :
the finite contributions are much larger SR

. than those of the RGE contributions )

e"e” — HZ, NLO

unpolarized, ;=1 TeV

This is of course a “scale-dependent” statement. At high enough scale the
RGE contributions will surpass the finite contributions. However if the
scale is too high the EFT contribution to SM processes will become
negligible and the point is moot.
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At NLO other operators contribute.

Modifications of the Higgs trilinear: €,
Modifications of the gauge triple-coupling: €'y,

Operators involving a top quark,e.g. ¢, (1,1,3,3)

Operators that induce a violation of CP e.g. Gy,
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LO: mm unpolarized WM ¢ /ef; en/er LO : m® unpolarized WM cf /et enjet e e 3 H Z Ca,n
L e \ er/et

NLO : £ unpolarized 3 ef /e, B3 egp/ef

give us information
_on the trilinear,

but including or excluding
contributions from different
operators significantly impacts
the size of the constraints and
the interpretation of the results.

-0.15 -0.10 -0.05 0.00 0.05 010 015

The correlation between

operators can have a large
S NIE R dcpendence over the energy

(Depending on the operators, and the energy, considering different

polarizations may or may not have an inpact
- J

M. McCullough Phys. Rev.D 90 no. |, (2014) 015001
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. = /ot -/t - = /ot = /ot i — /ot = /ot
0 unpolarized 3 e /e, EZ3 eg/ef 3 unpolarized 3 ef /e, B3 eg/ef 0 unpolarized 3 ef Jep, B3 eg/ef
Allowed Region with 0.5% Measurement, A = 1 TeV, /s = 240 GeV Allowed Region with 1% Measurement, A = 1 TeV, /s = 365 GeV Allowed Region with 1% Measurement, A = 1 TeV, /s = 500 GeV
5F o : 15F L T e e

S L ete” - HZ, NLO : ° > S - ee - HZ, NLO -

L =240 GeV
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We observe a similar dependence also for top-induced NLO operators
(e.g. modifications of the top-Yukawa, and top-Z coupling).

For the top-operators we observe a
clear enhancement around the 2-top

threshold ~ 365 GeV
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LEP — Global Fits 240 GeV, 0.5% 365 GeV, 1%
MFV 1 RGE + finite” RGE

Plotting together top-induced === U FE RGE + finite

and Higgs-induced operators 2r .y
shows an interesting j

dependence on the energy. == £
Nice complementarity between| = |
240 GeV and 365 GeV ; |

1t ----------------

I | e+e_—>ZEH,A:1TeV:

o Cy alway$ RGE—I—ﬁnite,f Cew = Ceu(Z) -

5 ; *RGE and RGE + finite in%iistinguishable

-1 -5 0 5 10

Cy
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CP-odd operators do Egz[(e"'e_ — HZ) < A rp_pppn, + i&icp_odca
appear at LO

To access & ~p_, . it is possible to

. o Consider the Z decay and study
1) z < . the angular distribution of the

final state vs. initial state leptons

e Use the fact that NLO integrals
2) z . ’ have imaginary parts, and study
A only the p, distribution of the Z
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0 Atlas eEDM [0 Atlas eEDM 0 Atlas eEDM
[0 unpolarized [ ef /e, EET eg/ef [0 unpolarized T ef Jef, BT eg/ef [0 unpolarized T ef Jef BT eg/ef
Allowed Region with Acp < 1%, A =1 TeV, /s = 240 GeV Allowed Region with Acp < 1%, A =1 TeV, /s = 240 GeV Allowed Region with Acp < 1%, A =1 TeV, /s = 240 GeV
---------------------
4r 4r
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_2 becsereneneetonesennnnnnnnnnnsnsonesso AN ............... _2 Y O I sy, T T
—4tete” = HZ, NLO: Yo e*e” — HZ, NLO : : - —4t ee” = HZ, NLO
"= 240 GeV : = 240 GeV . " =240 GeV
e, ——— ‘ 1 L
-4 -2 0 2 4 -4 -2 0 2 4
C - Cyp Cow

We define a CP violatin
S _ Ci(u) |A§1:Ivga?k) (cosf < 0) — Afffe‘f@ (cos@ > 0)|

asymmetry to study the Acp,i = —5 W
Ce OSM,NLO
sensitivity to each operators.

CP studies at ee™ — HZ in general offer information
that is nicely complementary to that of eEDM.
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Another interesting operator is 'y, which induces

a modification of the gauge-triple coupling.

As before we notice different degrees of correlation with LO operators,
and different sensitivity on the polarization.

CVV
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Ari — ot = /ot
3 unpolarized 0 ef /e, B3 egp/ef

Allowed Region with 0.5% Measurement, A = 1 TeV, /s = 240 GeV

|||||||||||||||||||||||

0.3
o1

0.0 .-_ . (3+f?_'

..............

C' W

0.0

[0 unpolarized 3 e /e, EET eg/ef

Allowed Region with 0.5% Measurement, A = 1 TeV, /s = 240 GeV

|||||||||||||||||||||

0 unpolarized EZ3 ef /e EZT ep/ef

Allowed Region with 0.5% Measurement, A = 1 TeV, /s = 240 GeV
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" eTe” = HZ, NLO

Fop= 240 GeV

: ete” — HZ, NLO
Fop= 240 GeV
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o o(eTe” — HZ) at future accelerators can inform us on
N.P. around and above the 1 TeV scale

© The inclusion of loop corrections give us the possibility
of obtaining information on a large variety of N.P. (Higgs
self-coupling, top coupling, etc.)

© We observe that the correlations between operators can
vary greatly depending on the energy and the polarization
of the beam.

> o(ete”™ —> HZ) depends on 7 SMEFT structures at LO
and on 39 SMEFT structures at NLO: this is only a piece
of a Global Fit.
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