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EFT framework

We work within the (SM)EFT framework: higher-dim operators built out of the SM fields and allowed by
its symmetries (plus B and L conservation) o
Oy = (HYD, H)(7*7"q")
o O = (1) (@*7"q”)

Lontmrr = Lo o0 L e.g: ) )
SMEFT SM -I—Z Ao Vi + g OW = () (P ud’)

Ouw = (q_30“”u3)TaﬁW£u

Top-philic assumption: only top quark operators generated at tree level, i.e. 19 SMEFT operators up to
ﬂavour indices (including LFV CaseS) B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek [1008.4884]

. ‘ ) (]5 dj da dj
We work in the up-type quark basis ¢" = (u%, Vi;d}): T~
FCNC d}, — d} processes allowed at tree level, suppressed t | NP
by V;3V; factors o
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SMEFT operators

Semi-leptonic

Four quarks

0" | (En)NErE) | O | (@) @)
O | ([, m )@ 7¢) | O | (@' 7°¢*) (@7 d)
O?f (Coryr B (w3 Va u?) O (w3yrud) (a3 Vu ud)
O | (@) ey | O (@) )
025 (e2yHeB) (a3, u?) Oéi,) (@BAHTAG) (53, TAu?)
Oguaﬁ (*eP)e(Pu?) Higgs-Top
O | (ol )e(@oru®) | OR) | (HYDLH) @ ¢?)
Dipoles oy (HHD;H)@%;-%G&)
Ouc: (P TAP)HGE, | Op, (Hh‘ﬁﬁ)(-a%ﬁu3)
Ouw (@ u®) T HWS, | Oup (HYH)(73u3H)
OB (o u®)H By,
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Constrain TeV-scale operators from GeV-scale observables

A
N P RGEs connect different energy scales within the range of
% validity of the EFT: 50
SMEFT L6 (©) [1308.2627] [1310.4838] [1312.2014] [1711.05270] M o Yrm (A)Cm
RGE LsverT = Lsym + Z ﬁoi +... H
v (2
Apw = Mz Matching Matching procedures allow to integrate out heavy
degrees of freedom, linking EFTs valid above or below
L Lo
Crppr = Loppiaep + > —=—0 4 o the threshold
| . VEW ;. UEW W. Dekens, P. Stoffer [1908.05295]
AR e e
4 )
We can write the low energy observables in terms of UV * B‘and K physics © 82
Wilson Coefficients and build a global likelihood: * Higgs measurements - Lepton decays
* Zand W decays * LFU tests
o, (O;(C) — 1;)? e (Cabibbo angle * LFV decay channels
—2logL(Ch) = X*(Ch) = Y ~— ‘70_2 : \ J
7 1
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Recal SMEFT-LEFT gym: a few examples

qi = (UZLa VZJdJL) !

o C(1v,0) (@)
Cly ((rm0(@*7"7° ")
® Cuu(ly,0) (wy"u?)

V,LL
d\ é o Led”
ﬁj’g U
d\/ d,

o CO(@v,6*) (@)
O (Lo ,e)e(d o u) '

o CO(y, ) (P ")

—> AF=2

da dj
>-@¢> -~

€

l + e L,
o =

Contribution to the magnetic dipole Contribution to meson oscillations

moment Agq,

Contribution to FCNC processes (e.g.
semileptonic B/K decays)

L'
| < =
&
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One-parameter fits

One-parameter fits: we vary one WC at a time while fixing the other parameters to zero.

We can compare our results to the LHC direct bounds provided by CMS and ATLAS measurements, obtained through
the SMEFIT fitting framework. WCs are expressed in the basis of T. Giani, G. Magni, and J. Roj [2302.06660] (instead of
Warsaw basis) just for this plot.

Individual Fits Compared

10° (8) (3)
1‘)1_ - CQQ — 80
10° ) T ' 7] T | (1) (1) 2 (3)
10*2}- ] B I _ ) Q@ = 20 3qu
102 ;
107%
- 10-4] Indirect constraints are competitive or
~ 0 stronger in most cases
104
10~ . - :
102 One parameter fits are also studied for
L : X ' ' semileptonic operators, including LFV
—10°] % SMEFTT ) 1 | | EE | - cases. See discussions in [2310.00047].
— 104 This work - -
—10?

G cav Gz g CEL;(,)Q cr o GHl oy Cho S Cor Ci
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One-parameter fits: a closer look

Wilson | Global fit [TeV~2] | Dominant
C\Hl(=19+£23)x 1073 | AM,
Cl) 1 (=2.0+£1.0) x 1071 | By — up
c [ 13+£1.0x107'] AM,
C | (—1.7£44) x 1071 | AM,
Cow | (30E17)x 10" | 6475,
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One-parameter fits: a closer look 1

Wilson | Global fit [TeV-2] | Dominant Indirect bounds from the EW .sector, e.g. Zpole
&) - observables, can be competitive or stronger
Cayq (_1-9 + 2. 3) x 10~ AM; than direct collider searches.
ch;) (_20 :|: 1 0) < 10 1 BS N /.LM See also L. Allwicher, C. Cornella, B. A. Stefanek, G. Isidori [2311.00020]
&% (1.3+1.0) x 107} AM, What is the mechanism?
Chw | (-1.7+44)x107 | AM, G e . . .
Cuu | (=3.0£1.7) x 107} <5gL 3 B
— Chu ) — Cyp
Cuu /,CHu
uh/ Neee- H g N H

0 = (H%D H)(uy"u;)  Oyp = (H'D,H) (H'D"H)

As an example, this result stresses the relevance of radiative corrections and the importance of
including higher loops effects in the LL resummation.
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One-parameter fits: a closer look 1

Wilson | Global fit [TeV-2] | Dominant Indirect bounds from the EW .sector, e.g. Zpole
&) - observables, can be competitive or stronger
Cayq (_1-9 + 2. 3) x 10~ AM; than direct collider searches.
ch;) (_20 :|: 1 0) < 10 1 BS N /.LM See also L. Allwicher, C. Cornella, B. A. Stefanek, G. Isidori [2311.00020]
&% (1.3+1.0) x 107} AM, What is the mechanism?
Chw | (-1.7+44)x107 | AM, G e . . .
Cuu | (=3.0£1.7) x 107} <5gL 3 B
— Chu ) — Cyp
Cuu /,CHu
uh/ Neee- H g N H

0 = (H%D H)(uy"u;)  Oyp = (H'D,H) (H'D"H)
4 )
As an example, this result stresses the relevance of radiative corrections and the importance of
including higher loops effects in the LL resummation.
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One-parameter fits: a closer look 2

Wilson | Global fit [TeV 2] Dominant Meson oscillations provide strong
& 2 — constraints on 4-quark operators, both via
Cug (=1.9+£2.3) x 10~ @MS/’ tree level or radiative effects
Céq) (—2.0£1.0) x 107 | B, — uu B
c [ 13+£1.0)x10" |[TAM, 7
cl | (—1.7+44) x 107 | CAM, N
Cluu (—=3.0+1.7) x 10~ 1 6gL 11 d, ><dj : N
"Zj (Z
Cg%; 80&2) Both are severely constrained as they are not aligned with low
, 9 energy observables. In general, one-parameter fits do not highlight
CQQ C( ) — gcéq) the flat directions left by flavour physics sectors.
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Two-parameters fits

We vary two WCs at a time and study the allowed regions in the plane

[ — AF_z — EW observables and B Physics sector (e.g. B, — /1)
| 03— B Phys ] provide the best bounds on the orthogonal
| EW-Higgs : combination, unconstrained by AF = 2
i K Phys I
—_ L | Total -
i 0.5f . 04— T T
> X 1 L AF=2
(D] J
~ L B Phys
; i L EW-Higgs
%@ 0.0+ 7 — 0.02_—\ M Total
| >
Sg - 2
O -05p ) 2z 0.00f
] @)
+
. - <5 !
—l.O_ _ -0.02f
~0.020 —=0.015 —0.010 —0.005 0.000 0.005 0.010 “oodl

Cl) + CS) [TeV™]
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Two-parameters fits

We vary two WCs at a time and study the allowed regions in the plane

04 LI N R B R R B R R B LN B LN B I 0.6 [T T \' T ,|\ L B L L B L ; T ‘' '+ T T T T T T T T T T T T ]

I AF=2 ] I B Phys ] 5ok I K Phys ;

[ B Phys ] - EW-Higgs | - r B Phys ]

0.3[ | 1 EW-Higgs ] 041 B Total ] | 7 EW-Higgs ]

| Il Total /'/—: [ ] —  1.5p| [ Cabibbo angle .

i ] L So S S - ‘\|'> i Lepton decays 1
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> [ 1 & = Lo ]
= [ 2 L @ r

ag o1f & 0.0 co 05F ]
@) — - @) [
I Q? | [

=2 ool [ o 0.0f ]
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[ : -0.5p= g

—0.1} -0.4
Z _ Sg7° e ] -1.0f ]
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Ciiy + Cif) [TeV 2] Cow [TeV™2] C? + ) [Tev

Relevant directions for future sensitivity improvements, correlations
between coefficient and flat directions can be easily read from the plots.
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Global analysis and UV implications

We perform a Gaussian global fit considering all the operators except for the semi-leptonic ones

—

C=(C,C), Cl, C,C® O C Oty Cury Cuis Cuwr, Cu) -
(Ki — pc,)?
L

O-Ki

X2 = Xlz)est—ﬁt +(Ci — /'Lci)(o-z)i_jl (Cj - UGj) = X%est—ﬁt +

Gaussian fit [TeV*Q]

Coefficient | Gaussian fit [TeV 2] || Coefficient
Some approximate flat directions: Ky 0.0019 = 0.0023 A7
K> 0.0169 & 0.0083 K
Ky ~ —0.86C ) 4 0.26C,, — 0.41C{) — 0.10Cy, + ... , Ky ~0.001 £ 0.015 Ky
K1z 2 4+0.23C ) + 0.95C,, + 0.16C) — 0.12C, + ... . Aa —0.017+0.021 Ko
Ks 0.044 = 0.029 K11
K —0.26 + 0.38 Ks

0.56 £0.79
0.80 £ 0.88
—08+1.3
—1.1+1.7
20.5 £ 12
—14 4+ 15
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Global analysis and UV implications

$1 LQ

Consider one scalar leptoquark S1 ~ (3,1)41/3
coupled only to the third generation fermions

LD )\tT(jgiO'ng;Sl + h.c

When integrated out, SMEFT operators are generated:

o33 _

lq

3),33 |)\t T|2 |)\tT|4
0B)33 _ 1A ) — B — _
lq 4 M§1 qq qq 25672 Mgl
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Concluding remarks

O The analysis of low energy observables do provide useful insights on Top Quark interactions
at the New Physics scale

 Meson oscillations establish by far the strongest constraint along some direction of the
parameter space, e.g. chéH(S)

U Loop level matching and RG evolution can widen the effects of low energy bounds via
operator mixing, extending sizable effects on a wider set of WCs. (e.g. EW-Higgs
observables and 4 quark or semileptonic operators)

L Future sensitivity improvements (e.g. LHCb and Belle Il upgrades) will increase the strength
of indirect bounds from low energy measurements.

Alfredo Stanzione - SISSA, Trieste 29/11/2023 — LHC TOP Working Group Meeting 16



Thanks for the attention!
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Backup slides
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SMEFIT results

Class Coefficients Warsaw basis 95% CL Individual | 95% CL Marginalised
i Cuc: 0.01,0.11] 0.01,0.23]
Dipoles cow Cuw -0.085.,0.030] -0.28,0.13]
¢z —s0 Cupp + co Cuw -0.038.0.090] -0.50,0.14]
o i 0.39.0.34] -0.42,0.31]
HiseTop 7o cy) - ) -1.1.1.5] -2.7.2.7]
Ciry Cira -2.8.2.2] -15.4]
cum Cuni -1.3.0.4] -0.5,2.9]
cho 205 — 208 2.3,2.0] -3.7.4.4]
o e -6.8.5.9] -13,10]
4 quarks oy Cé.t) -1.8.1. 9] [-1.5,1.4]
e, !y -4.3,3.3] -3.4,2.5]
ch Cluu -1.1.1.0] -0.88,0.81]
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Individual fits (TeV2)

Wilson Global fit Dominant Wilson Global fit Dominant Wilson Global fit Dominant
S (—1.94£23) x 1073 | AM, oMt (24£35) x 1078 R 1 (5.0+£8.1) x 1072 | AgZey,
Cy) | (202 10)x 107" | Be— ppe | | OFF | (=40 £3.4) x 1077 Ry c22 (4.6 £2.2) x 1071 | Aghe,,
cly) | (13+1.0)x 1071 | AM, C}ﬁ'“ (7.2 £4.4) x 1071 9-/9; C33 | (=23+£25)x 107" | Aghea
cl) (=17 E44) x 1071 | AM, O (101 £7.7) x 1072 RY.(., SR (04£1.0)x 1072 | (g 2).
Couw | (=3.0+1.7) x 1071 | §g75, CLP | (—T4+7.0)x 1072 | Ry, P (184 1.6)x 1072 | Cuprao
Ch)l L (18248.9)x 107 | By — pp O | (22140.6)x 1072 | Ry CpL (8.0+£9.1)x 1072 |  Clupas
Cii) | (3.9£45) x 1072 | 8gfe, Cl | (1.7 +£7.0) x 1072 Sg%, (A (~0.6 £ 1.5) x (g—2).
Cru | (—43£23) x 1072 | 3g77, CE | (—43£18)x 107" | dgf5,. Rie | | G | (Z193£8.1) x 1077 | (9—2),
Cup | (-06£20)x1072 | ¢, Cit | (05£24)x 1071 | Agfs, D (—T0£78) x 107 | Cuysg
Cuez | (=0.1£20) x 1072 Cyq Cyl (—0.7+£3.9) x 1072 Ry~
Cupp | (=0.3£5.2) x 1071 | Cypya3 32 (121 4£9.2) x 1073 | By — pu
Cumt (0.04+3.1) x 102 Cr o (22+£24)x 107! 097 %s
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[mrews |
| B Phys -
EW-Higgs
e ° 0.51 [ Lepton decays
LFV coefficients ofe
>
=
gg 0.0F
|
H— € T — N T —¢€ P I ]
Wilson i ]
Limit Dominant Limit Dominant Limit Dominant 03 I J |
CoN39%x107° | poey [[50x107 | ropy ||[44x1070 | 7 ey
q -15 -1.0 -05 00 05 1.0 1.5
Ol 1361070 | s Beey || 27x1072 | 7y | 24% 1072 7 ey B | (3 [Tev Y
C N 6.7x 1070 | pAu— eAu || 68 x 1072 | 7= prr || 70x 1072 | 7 — erm ,
ql 0.0004+ Wi Au-eAu
O3 [ 40 %1075 | pAu = eAu || 9.8 x 1072 | 7 prw || 1.0 x 107 | 7 enn ~ ’
Crw |l 4.0%107° | pAu = eAu || 1.0x 107" | 7= prr || 11 x 1071 | 7 = enn 5 MR
C.y 3.6 x 107 pAu — eAu || 1.9 x 10t r— jee 2.1 x 1071 T — 3e ?305 0.00001
Cle 3.6 x107° | pAu = eAun || 22 x 1071 | 7 = pee || 2.1 x 107! T — 3e o I
= o —0.0002+
© :
Upper limits (68%) for the different LFV Wilson Coefficients (TeV-2) ~0.0004"

-0.0004 —0.0002 0.0000 0.0002 0.0004
W4 ™ [TV
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