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Starting point

® BSM exists. Hopefully found in the next scale jump...

® Plausible scenario: new physics mainly couples to the top quark

® Assume that mostly top quark operators are induced at the TeV

Semi-leptonic
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* Otherwise (yet setting g’ = (uj, Vj;d])) model independent
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Overview of low-energy sectors

A

® Quark flavor rotation induce some
low-energy processes even at tree level _ ,
(suppressed by CKM angles) o h

A=tTev L C(1Tev)

® Radiative corrections induced by tops " l
are leading in some cases. Use N O

DsixTools
Cabibbo
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B and K physics. Examples
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AF = 2. Examples

- -
; ai a
ai [
3 ) )
i GIM! a
|
! Ci |
@ aL

Observable Experimental value SM prediction
€K (2.228 £0.011) x 1073 | (2.14 4+ 0.12) x 1073
A M (17.765 £ 0.006) ps~1 | (17.35+0.94)ps~!
AMy (0.5065 + 0.0019) ps— | (0.502 + 0.031) ps~*

Use
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Charged Lepton Flavor-Violating decay modes

® ;1 — e. A few modes, extremely stringent

® 7 — /. Many modes. Not so precise

* Top-philic + LFV? — £¢'tt
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EW /Higgs

Include EWPOs, such as Z pole observable and H — v
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Global likelihood from (updated) JHEP 04 (2020) 066
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Leptons

® |epton Flavor Universality
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® Magnetic moments
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(0.94+1.4) x 1073

Observable Experimental value
l=e
g-/ge—1 | (27+1.4) x1073
Aay (2.84+7.4) x1071

(20.0 +£8.4) x 1071°
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Cabibbo angle

o1y, K—=tv, K= mlv, T = vH, N — Nev, n = pev

L4 Related by Unltal’lty |Vud|2 + |VLIS|2 = 1 Vb has a negligible effect.

s inclusive
TKVIT>TY|
Komv —e—i
Kopvimpv]
Kouv

B Neutron|

B Superallowed| —e—i

0.218 0.220 0.222 0.224 0.226 0.228
Vs JHEP 04 (2022) 152

® Most interesting effect in our set-up: modify apparent Vuﬁd
(paradoxically changing muon vertex)
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One parameter fits

® Useful to compare experimental reach, scale tested

® |f Wilson is induced in a model, where to look at first?

’ Wilson ‘ Global fit [TeV 2] Dominant ‘
P | (-1.9423) x107? AM,
) | (—2.04£1.0)x 107 | By — pp
cl¥) (1.3+1.0) x 107* AM,
c® | (~1.7+4.4) x 107} AM,
Cuu (-3.0+1.7) x 107! 68’5,
) | (187£88)x107° | B up
) (5.8+45)x 1072 | 6g7%,
Chu (—4.3+£2.3) x 1072 o8l
Cus | (—0.6£2.0) x 1072 oy
Cus (—0.1+2.0) x 1072 Cog
Cun (—=0.3£5.2) x 107! Cut 33
Cw | (-0.143.1)x 1072 Cyry
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One parameter fits: comparison with direct bounds

® Use (now outdated version of) SMEFIT JHEP 11 (2021) 089

Individual Fits Compared

—
—_—

_y0] 1 SMEFIT
—10! {  This work

. aw 3 O ¢ . B s B 3 1
GG aw Gz cyq C‘”Q CH GH o Cop St o Cu

® |ndirect bounds typically stronger or at least complementary
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One parameter fits

Wilson ‘ Global fit [TeV 2] ‘ Dominant

con (2.4 +35) x 107° R
C/(q+>,22 (—4.04+3.4) x 1073 Rk
c® (72+4.4) x 107 &-/8i
™ [ @oox7e)x10? [ Ry
C,(q‘)'” (—6.0 +7.0) x 1072 R ()
I [ (c18+1.0)x 10" Ria
i (1.7 £ 7.0) x 1072 58f%
| (-43+18) x107" | 5g/%, R«
s (0.5+2.4) x 107! Dgloys
Cio | (07£39)x1072 |  Rper
2 (12149.2) x 107° | B, — pp
s (22+24)x 107" | 8¢5,

[ Wilson Global fit [Tev=?] | Dominant
cH (5.04+8.1) x 1072 Aghen
cz (4.8+2.1) x 1071 Aghen
cs (—2.3+£2.5) x107? AgFess

ot (0.44+1.0)x 1072 | (g—2)
coz (1.8+1.6) x 1072 Conze
o (8.0+9.1) x 1072 Censs
M | (-0.64+1.5) x107° | (g—2).
o | (-19.348.1) x 107° | (g—2),
B | (-7.0+78) x 107! Cett3s
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Two parameter fits

Some insight on the interplay between coefficients/sectors
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Applications to UV models

® Top-philic LQ for the Cabibbo

3 tension
® 51 ~ (37 1)+1/3
06 [ Cabibbo
- . o EW-Higgs
L D A7 q5ioals S +hec., R B
Ky~
04t = o
,,,,,,,,,,,,,, oo
0.0 = &
02k
70‘.5 7(‘).4 7(‘).3 7(‘).2 7(‘)Al OEO Oil OtZ
A P
203,
o 2 3 3 5 e Killed by B/K physics (unless

Vs, [TV top-philic condition is imposed

in down-quark basis) "



Baryon Number Violation in top operators

® Direct searches can test potential BNV in the top-quark sector

TABLE L. Expected and observed 95% CL upper limits on the

PHYSICAL REVIEW LETTERS 132, 241802 (2024) BNV effective couplings and top quark BNV branching fractions
/N C, /A
[TeV2]  [TeV2] B, [10°°] B, [107]
Search for Baryon Number Violation in Top Quark Production  verey ¢ Exp. Obs. Exp. s,
and Decay Using Proton-Proton Collisions at \/s=13 TeV b
A Hayrapetyan et al” reud s 0055 0.048 0.015 0.011
(CMS Collaboration) t 0031 0.027 0.005 0.003
) (Reseied 28 ey 2024 s § My 2025y 13 2020 quad S 0030 oS ool oo

® Impressive precision, significantly improving previous results

® Interesting test of SM symmetry

® Could we expect a nonzero result in a general BSM scenario?
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Baryon Number Violation in top operators

® \lery stringent bounds on BNV from nucleon decay searches (SK)

Channel Limit [10% years]
p— mlet 2.4 x 10*
p— mout 1.6 x 10*
p—mti 3.9 x 102
p— Kot 1.0 x 10°
p— Kou* 4.5 x 10°
p— K 5.9 x 10%
n— et 5.3 x 10%
n—apt 3.5 x 10°
n— 7% 1.1x10°
n— K% 1.3 x 102

® Described by the LEFT, where there are no top-quarks

® However top-quark operators at a high scale, say 1 TeV, as any
other high-energy effects, do leave an imprint at low energies
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Baryon Number Violation in top operators

Gauge invariance connects processes with and without tops, e.g.
Eapr dg Cuy (t] Cer — b} Cuy)
Operator basis
lerge = €apy Eij (d,? C Urﬁ) (qf’ CEJ;) )
ot = capr e (a Ca’) (ud Cer)
Qz‘ﬁ’s‘ie = €apy Eil Ejk (q;;a Cql) (g7 Cry),
lerlslée = Eapy (d,? C u?) (uf Cer) .

Nucleon decays mediated by light-quark operators in mass basis,
misaligned wrt flavor basis u; = Uf'u, , d, = Ufd;.

dugt u d /o /115
Q13 D €apy Ur11Up 11 (d'g" Cu'y)
/1 d ’1
: (Ul'i31 u [_’y CeL,l - UL,31 d l_’Y CVL,Z)

Cannot simultaneously take u; = uj and dp = d]
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Baryon Number Violation in top operators

One may still take tg = tg, e.g. take Y, diagonal, and try to only
generate O(tg). Unstable under universal/IR radiative corrections

Yﬁhag(/\Uv) — Y;lOt dia‘g(/\Ew). Take Y;ﬁag(/\Ew)

Still pure SM interactions systematically convert tops into light
quarks, with not enough suppression

If a top quark operator is generated at a UV scale, light-quark
operators are generated at the EW one via SMEFT § functions.

For example

qqq/l duql A2
G5t (Aew) o< Gigry (Auv) €x In /\g\z +-
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Baryon Number Violation in top operators
® A more quantitative assessment using state-of-art SMEFT-LEFT

TeV~?

1077

1071

10718

5 =5
7

1131 J—
1132 je—

® Very stringent one-at-a-time bounds. Hierarchy understood

® Not a theorem, but level of fine-tuning hard to realize

dMpos. ~ [aGR0 (Auv) + b |n -— Ct?)pe(AUV) ?
—— Ff —_———
t

® More exotic set-ups (light BSM, PhysRev.Lett. 120 (2018) 19, 191801, Of
beyond AB = AL =1, PhyslLett B 721 (2013) 82-85) may be easier 19/21



Check parametric su ppreSS|on

to leading log, L = €,

of dominant effect keeping instead only up

Baryon Number Violation in top operators

Ew
cdugt caque
113¢ V3o p— Kto 1311 Va1 p — wlet
2132 Vay p— Kto 1312 Va1 p— m0ut
ia3e (Yo)1i (Yu)aa Var Vao L | p— KT i313 (Ye)33 (Yg)32 Vi1 L p— Ko
iz2¢ (Yg)1i (Yu)33 Vay Voo L | p— KTo a311 (Yg)13 (Yg)33 V. p — nlet
1310 (Yg)11 (Yu)sz Viy Voo L | p = KT a312 (Yg)13 (Yg)33 Var L p— mOput
a31¢ (Yg)2a (Yu)zz Voo Va1 L | p— KT 1326 | (Ye)pp (Yu)an Vap Va1 L p— Ko
3130 % (Yq)23 (Yg)3o Vo L p— Ko 1i3¢ (Ye)pp (Yu)33 Vi1 Vao L p— Ko
c999€ cduue
i13¢ Vi1 Vo p— Ko 1131 (Y11 (Yu)33 Va1 L p — wlet
1310 Vi1 Vi p— Ko 113a (Ye)aa (Yu)33 V3o L p— Ko
231¢ Vo Va1 p— Ko 1311 (Y11 (Yu)33 Va1 L p — wlet
1232 Vo1 V3o p— Ko 131a (Ye)aa (Yu)33 V3o L p— KD
132 V31 Voo p— Ko 2131 (Yg)12 (Yu)33 Va1 L p — wlet
133¢ g% Va1 Vap L p— Ko 213a (Ye)aa (Yu)33 Va1 L p— KTo
a33e (Yg)13 (Yg)33 Vaa Va1 L | p— Kt© 231c (Yg)12 (Yu)s3 Va1 L p— w00t
223¢ (Yg)23 (Yg)13 Vor Vao L | p— Kt© 2313 (Ye)33 (Yu)3z Va1 L p— Kto
323¢ (Yg)33 (Yg)13 Vor Vao L | p— Kt© 313c (Yg)13 (Yu)33 Vag L p — w00t
232¢ (Yg)33 (Yg)13 Vor Voo L | p — Kt 331c (Yg)13 (Yu)33 Vag L p — w00t
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Conclusions

® SMEFT study of indirect effects in top-philic scenarios
¢ Complementarity between searches. Typical (present) situation

® Direct searches of top interactions: a BSM signal most likely points
out to BSM in top operators. Weaker bounds

® |ndirect searches of top operators: a BSM signal may be BSM in top
operators. Stronger bounds.

® Recent relevant progress to better understand which BSM is probed
in each possible search

® More comprehensive global analyses (beyond most naive assumptions
on flavor symmetries, incorporate semileptonic operators, etc)

® Mapping to the different UV completions (automatization beyond
tree-level)
® Experimental information on other relevant sectors. EWPOs now

standarized, flavor observables in progress

® |n this work we have outlined the relevance of the last point
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B and K physics

Tree level matching

RG and 1-loop matching

v
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B and K physics

| Observable Experimental value
[ B Xy [ 349+0.19) x 100~ PDG |
Ry 2.93 £ 0.90 Belle-I|
Ry« < 3.21 Belle-l
. . .047 LH
RRK[1 L6l 0.949 i 0.047 LHEE Observable Experimental value
l;* [1'2’6] 1.027 0'0178 el B(Bs — ee) <11.2x 10~ 9 LHCH
B(B - Ke“) <85 x 10 - eBe B(Bs — pp) | (3.01£0.35) x 109 LHCH
B(B _’K") <36Xx 1075 leiiCabr B(Bs — 77) <6.8x10 3 LHCH
B(B —» KpT) < 4.5 x10 B(Bs — en) <63x10 9LHCH
=5LH
Observable Experimental value ?;B; = nr) < 42X 10_9 LHEE
B(KT = =tvp) (1.1470-4 Yy 10— 10 NAG2 (Bg — ce) <30x10 0
— —0.33 ——— B(By — up) < 2.6 x 10710 LHCDH
B(K = w7 vD) <36 x 1079 KOT B(By — 77) <21x103LHCH
B(Ks — utu™) < 2.5 x 1010 LHChH B(By — en) <13x10 9 LHCH
B(K, — 1" )sp < 2.5 x 10~ 9 Isidori:2003 B(By — put) < 1.4 x 10—° LHCb

B(K| — preT)

< 5.6 x 1012 BNL

B(K, = xOptpu”)

< 4.5 x 1010 KTeV

B(K, — mVeTe )

< 3.3 x 1010 KTeV

B(K| — mOetp™)

< 9.1 x 10 T KTeV

B(KT = nTetp™)

< 7.9 x 101 NAG2
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we _ ~(3)
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1 1
ze _ 23 _ 21 _ _
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1
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3 4 — L&Y 3 Y
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and Ag = [C,(_,3,)]11 + [C,(_,3,)]22 - 3Gl



Charged Lepton Flavor-Violating decay modes

and use DsixTools to run to

® Use
1 TeV
Observable Experimental limit
B(p — ev) 5.0 x 10713
B — 3e) 1.2x 1071
B(pAu — eAu) | 83x 1071
B(T — ev) 3.9 x 1078
B(T — 3e) 3.2 x 1078
B(r — efip) 3.2 x 1078
B(r — en®) 9.5 x 1078
B(t — en) 1.1x 1077
B(t — en’) 1.9 x 1077

Observable Experimental limit
B(tr — ertn™) 2.7 %1078
B(r — eKtK™) | 41x1078

B(r — uy) 5.0 x 1078

B(r — 3u) 25x 1078

B(t — pee) 2.1x1078
B(r — un®) 1.3x 1077
B(T — un) 7.7 x 1078
B(t — pn’) 1.5 x 1077
B(r — puntrT) 2.5 x 1078
B(r — pK*K™) | 5.2x 1078




I

vy

Leptons

Cly 3

AT A e

+(3)
Clii

Al

v

Tests of LFU comparing with y — e

& _1-00038(cP® - My
e
& _1-0.0038(CP* - ¢
&u
Experimental value
Observable

{=e

{=p

g‘r/gé -1

(27+1.4) x1073

(0.9+1.4) x1073




Leptons: magnetic moments

WAVt

o (ae) = 137.035999166(15)  Physkevlett 130 071801
a~(Cs) = 137.035999046(27)  Science 360, 191
a~}(Rb) = 137.035999206(11)  nature 558

\ o Rydberg frequency codata

® \ a2m.c?

QVW &Je = 3.2898419602508(64) Hz
/ ’ h/me?

(me/mc) (mc/mes) g

Use JHEP 07 (2021) 107



Leptons: magnetic moments

/T

Similar for the muon

Aa, = —48x 1078 CEMM 4 7.1 x 1071 ¢,

lequ lequ
Aa, = —1.0 x 107° Co? + 1.5 x 1078 CLw2%.

Considering SM tensions. ..

Experimental value
Observable

{=¢e {=p

Aay (2.8+£7.4) x 10713 | (20.0 +8.4) x 1010




Cabibbo angle

st lvK—>lvt— Kv,mv
® No phase space. Goldstone parity: (e._r, €p)

® f. k from the lattice. Ratios better known (dependence on lattice
scale)

® Other uncertainties: radiative corrections, experimental
° K — mly

® Probing €] g, €T, €5

® Energy-dependent form factors, but smooth

® Uncertainties: f1(0), experiment, Radiative corrections

e 7 — wrv. Resonance jungle. But same form factor as e e™ —
hadrons Main uncertainty: radiative
corrections. Some progress...




Cabibbo angle

® 7 — inclusive. Total decay width. OPE prediction for V/
independently confirmed by lattice, . Experiments could

improve BR precision (potential Vs closer to K, enough to test
realistic BSM?)

* n— pev, N = Nev. p < M, ~ M,. Non-relativistic EFT

_(wgwn) C\J/réL’yOVL-‘rC;éRVL] +( ;O'kd)n) [CXEL’}/,{VL-FC#_GR’YO’YI(VL s

1 ” B

M :m{;c;r(w;akwn)vk (éRuL) - ¢ @l o wn v (ékauL)
— it Wl o wn) vy (@LWOVL) - i}, (] o*pn)or (émkuL)
_,vc;lwgwn)vk(éw"wkn) + iy (0] wn)Eg Bt vy) + 2 (9] o F wn)Eg T )

— i 8 T wn) e v vy +ich (wh o T a0y + c;Te"fk(wpU’V,-wnxam%km},

What about CPV? See for example



Cabibbo angle

D¢\ 7. . D¢ 5 .
Lo =~ 77[(1+5L )Z'y“(lf'}g)ul vu’y“’(lf’y5)D+eR Lyl — v5)vy - ayM (1 + ~5)D

_ 1 pe -
+ 21— ~s)vp - H[e?é - Eg["m] D+ ;ége Ty (1 — v5)vg - 3oV (1 — 45)D | + hic.

e Simplified scenario: LFU and forget
about contact terms, ep 7.5 =0

Vs = Vs (1+¢f+f,,) 0.22306(56)
e = e *(, 2.2(8.6) -3
4 _3362) 3le 9KI3 < eKIQ < 0/3
& 3.0(9.9) —4 12
3 1.3(3.4) -6
* -o4) -2 | ® ¢3 needed for first (opposite
e 0.8(2.2) -3 . . .
“ 02050 o| interference with SM). Possible
0.3(2.0) . 5 . .
Cows || 2| explanation: VLQ doublet.
2.6(4.4) 4
e 0.6(4.1) 3
& 0.2(2.2) -2 %
e 0.1(1.9) -2 s N C12 N huhs
e 9.2(8.6) -3 GR Hud M2
9 1.9(4.5) -2 Q
fj""—(;,'ﬁ:f;,—m 0.0(1.0) -1
€7/° 4+ 0.08(1)e5” — 03865 + 0.40(13)857 —07(52) -2

® But beware of K — 7!



One parameter fits

SMEFiIT,
Class Coefficients Warsaw basis 95% CL Individual | 95% CL Marginalised
e Cuc [0.01,0.11] [0.01,0.23]
Dipoles cew Caw [-0.085,0.030] [-0.28,0.13]
ez —s6 Cug + co Caw [-0.038,0.090] [-0.50,0.14]
o c}fq) [-0.39,0.34] [-0.42,0.31]
Higgs-Top o o = Cha) [-1.1,1.5] [2.7,2.7]
Che Chu [-2.8,2.2] [-15,4]
et Cumt [-1.3,0.4] [-0.5,2.9]
cho 2¢c{) — 2 [-2.3,2.0] [-3.7,4.4]
o 8cly [-6.8,5.9] [-13,10]
4 quarks che cly) [1.81.9] [1.51.4]
2, cl® [-4.3,3.3] [-3.4,2.5]
ck Cuu [-1.1,1.0] [-0.88,0.81]




One parameter fits

Wilson me TR T e
Limit Dominant Limit Dominant Limit Dominant
¢ |l 39x107° = ey 50x10°° | r—opy || 44x10°° | 7 ey
| 36x107° | p3eey || 27x1072 | Ty || 24x1077 | 7 ey
¢ 6.7x107° | pAu— eAu || 7.1x 1072 | 7 — prr || 7.4x 1072 | 7 — enw
CI:I) 4.0%x107° pAu — eAu 1.1 x 1071 T — umT 1.1 x 107! T — enwmw
Cuu 40x107° | pAu—eAu || 1.0x107" | 7= prr || 1.1 x 107 | 7 — enn
Ceu 3.6 X107° | pAu— eAu || 1.0x 107! | 7 = prw || 11x 107 | 7 enn
Cpe || 36%x107° | pAu— eAu || 1.0x 107! | 7= prr || 1.0x 107! | 7= err




Gaussian fits

Limited attempt to overcome previous limitations

e Take C =

(G5, €8 Cunr €. €80, €50 €L G, Cutt, Cu. Cuwr, Cu) -

-1

100 0000 0000 -0016 -0004 0004 0021 0001 0.000
0005 0089 —0015 0058 0000 098 0004 0117 0.000
0004 001 -0039 0018 0001 01 0145 028 0015

Coefficient | Gaussian fit [TeV 2] || Coefficient | Gaussian fit [Te
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® Assume Agsp ~ 1 TeV. Very loosely, using
Ve o 1@ (am) N ((@n?\® ( (an)®
EFT ™ 720 \ Tev2 TeV? TeV?

® Experimental constraints reduce it to a tiny fraction (~ 10731)
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Applications to UV model I: tau-philic $;
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Applications to UV models |I: Cabibbo anomalies

® Assume Cabibbo tensions were new physics hints. Can they (at least
partially) be accommodated in top-philic set-up?

o [C2)#]Cabibbo — (0.19 + 0.06) TeV 2. Dominated by Ack

® Accommodate EW fit (cure G, vs Gr and beware of 6g/¢)
[T =160 (~ b)) G ~ 3G (~ 53)

abibbo,
06 | EW-Higgs

0.4]

)

0.0} —_—

-0.2]

-05 -04 -03 -02 -0.1 00 01 02
10, P

204, 95% CL

¢ Killed B/K physics unless top-philic condition in down-quark basis
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