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1, At LEP1/2, low-energy precision measurements, and e” e~ collider in
the future, we can use loops to open up more possibilities. Loop factor
suppression will be compensated for by the precision.

2, Our study is one of the many first steps towards a more complete
loop-level SMEFT global analysis.
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Theoretical framework
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Theoretical framework
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[Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010]
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Theoretical framework
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[Cen Zhang, Nicolas Greiner, Scott Willenbrock, 2012]
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Theoretical framework

Impose a U(2), ® U2)g Q U(2)q QU(3) Q U(3). flavor symmetry

V253

X3

#AD?

o = (010)(@u;®)
Qd, = (') (@dip)

— JJK Tv Jp Kp
Qw = KW WPW]

Qep = (¢'D"¢)" (¢' D)

V2’ D

Vv Xy

X252

QU = (w‘z DM w) (liv*15)
Q”m = (W Dy, ‘P) (LarTyi5)
9. = (np i Dy 90) (Eve;)
= (w*t Dy v) (@"95)
QY = (W D, ¢ ) (@r'7"q;)

i — (ot D M
Qdu= npzD,upg (@iytu;)

lJ(l)

Ql‘d = (¢'i By ¢) (dir#dy)
Qpua = (P Dyp) (windy)
(LL)(LL)

Q”"Ll (Grute) Tle)
QY = (L) (@)
Qo rels) _ (7 b1 @0 T )

Qi = (@0 u)r' gWy,
= (qi0""w;)¢Buy

Qdw = @odj)r o W,

Qilp = (6i0*"d;) @By

Qown = ¢'rloW], B

oy

7 () (eter)
Q’W = (pulr) (@s7*ur)
QU = (vl (dsydy)
Qhe* = (g w%)(l’sv“et)

(+) — (1) (3)
QwO - Q QwO’
Qg = Q,” + Qg

- 3)
QwQ Q Qch’

(=) — 01 3
Q[Q == QfQ) - Q/(Q)7

6/24



Theoretical framework

Experiment Observables
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[J Erler and A Freitas. Electroweak model and constraints on new
physics] [D Geiregat, Gaston Wilquet, U Binder, H Burkard, U
Dore, W Flegel, H Grote, T Mouthuy, H @veras, J Panman, et al.
First observation of neutrino trident production.]

[Aielet Efrati, Adam Falkowski, and Yotam Soreq. Electroweak
constraints on flavorful effective theories.]

[Morad Aaboud, Georges Aad, Brad Abbott, Jalal Abdallah, O
Abdinov, Baptiste Abeloos, Syed Haider Abidi, OS AbouZeid, Nadine
L Abraham, Halina Abramowicz, et al. Measurement of the W-boson
mass in pp collisions at /s = 7GeV with the ATLAS detector.]
[Electroweak Measurements in Electron—Positron Collisions at
W-Boson-Pair Energies at LEP.]

[A Combination of Preliminary Electroweak Measurements and
Constraints on the Standard Model.]

[Measurement of the cross-section and forward-backward charge
asymmetry for the b and c-quark in e e annihilation with

inclusive muons at /s = 58GeV|
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Theoretical framework

1, The first class involves the third generation quarks
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2, The segond class have tree-level contribution to
ete” — f(f#t),ete” — WHW-.

QU9 Q. Qo Qo QY7L Q%) Que, Q1 Qu. Quws, Ow
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3, The third c_Iass are 4-fermion operators that directly contribute to
the ete™ — ff(f# t, b) and several low energy scattering processes
at tree level.

Qqer Qeur Qeds @)y, QY Qs Qua, Oty Qees Qe

4, The fourth class are 4-fermion operators that directly contribute
to the efe™ — bb at tree level.

Qg Q. Qs Qegs Qe
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Theoretical framework

1, For observable without Zbb couplings, the nine operators modify the
self-energies of W, Z, ~ at loop-level, and therefore affect all
measurements indirectly.
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Theoretical framework
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Theoretical framework

2, For observable with Zbb couplings, Q(;Q), Qub, Qbw, Qbs modify the
Z — bb measurements at tree-level.

QL =i(¢'Due) (@"Q)
Qs = i(¢'Du) (b7"b)
Qow = (aa“"T’b) oW,
Qs = (o™ b) $Buv

The first class operators associated with bottom quark!!!

b
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Theoretical framework

3, For observable with Zbb couplings, QEO_Q), Qut; Qww, Qs not only

modify the self-energies of W, Z, v at loop-level, but also modify the Zbb
vertex at loop-level.

b

Qg =i(#'r'Duo) (@rr'Q)
Qo = i(6'D,0) (81

Qe = i (3'Du) (17")
Quy = (a0 'e) oW,

Qs = (o""'t) 9By

The first class operators associated with top quark!!!
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Theoretical framework
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Theoretical framework

To better understand the impacts of the 3rd-generation-quark
operators, we trade ;{2[’ Qup and <42 Q,we in the Warsaw basis for
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Operator Cot Cﬁg Cfp_Q) Cot CGw G Gy
werT = 125GeV 2.5 1.3 3.2 9.3 0.2 0.07 0.9
peer = 1000GeV | 1.3 0.5 4.3 1.3 0.6 0.08 0.9

Current 2.3 5.1 1.2 53 0.06 0.145 3.9
Our results 0.286 0.04 0.336 14.8 0.822 0.592

[ Ethier J J, Magni G, Maltoni F, et al. Combined SMEFT interpretation of Higgs, diboson, and top quark data from the LHC]
[Alioli S, Cirigliano V, Dekens W, et al. Right-handed charged currents in the era of the Large Hadron Collider [J/OL]]
[Maltoni F, Vryonidou E, Zhang C. Higgs production in association with a top-antitop pair in the Standard Model Effective Field Theory
at NLO in QCD [J/OL]]

[Buckley A, Englert C, Ferrando J, et al. Constraining top quark effective theory in the LHC Run Il era [J/OL].]

[Vryonidou E, Zhang C. Dimension-six electroweak top-loop effects in Higgs production and decay]
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Results(tree level
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Results(tree level+loop level)
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Results

10° [ Tree Only
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A simple example of the impact of the third-generation quark
operators on EWPO

We focus only on Z, W pole and low energy observables, which are
mainly sensitive to non-derivative interactions between EW bosons and
fermions:

Lsvert D — % (W,JIDL% <V+ 5gz/vq) dr + W,fﬂmpégﬁ/qd/ﬁ h.c. )

B (Wipiv, (1+6g) eL + hc. )

Y
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58" (f=q,1),08f (f= u, di, e1,v),68% (F= ur, dr, er) , 6m,
CoD, Ci;/)a CoWB; Ci;/)v Cpes CS;;, Cfp(ga Cous Cpds dl
ogt” = ogt" + dgl", e[ = gl + dei?
1). Under U(3)® flavor symmetry(without the effect of b-quark mass and
loop).
Only 8 combinations can be constrained and their bounds are better than
0(0.1) at 1o.
2). Including b-quark mass.
There are two almost flat directions and their marginalized limits are at
the level of O(1000 — 10000) at 1o
3). Including the loop effects of 33(+ Q?fé, 2%, @2 and b-quark
mass.

There are two almost flat directions, and their limits numerical value ageg
in the order of O(10) at 1o. “
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Results
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Results
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Conclusions

1 The outstanding precision of these measurements (especially at future
lepton colliders) could be sensitive to many important loop contributions
of the new physics.

2 The tree-level contributions of the bottom dipole operators to the
electroweak processes are non-negligible.

3 Our study is one of the many first steps towards a more complete
loop-level SMEFT global analysis, for which many improvements are still
needed.
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