Probing Top Quark Anomalous Effective Couplings
Through Precision Studies in the SMEFT Framework.
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Outline of the talk

ll

Framework of Effective Field Theory (EFT)

Framework of SMEFT & LEFT

Phenomenological Implications [Top quark effective couplings]

Future Predictions



* The Standard Model is successful but incomplete !!

Explain the Electroweak precision test, the Higgs discovery, the success of flavour physics,.....

But can not explain,

Dark Matter, Neutrino mass & oscillation, Baryon asymmetry, Hierarchy problem, Flavour anomaly,....

* Direct searches at LHC

No new heavy resonance up to multi-TeV scales.
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. The Quest for New Physics (N
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* The Standard Model is successful but incomplete !!

Explain the Electroweak precision test, the Higgs discovery, the success of flavour physics,.....

But can not explain,

Dark Matter, Neutrino mass & oscillation, Baryon asymmetry, Hierarchy problem, Flavour anomaly,....

= — = —— = - ——

* Direct searches at LHC | ]
| However, that does mean NP is absent!!

No new heavy resonance up to multi-TeV scales, ——

* Indirect searches of NP (The Shift to the Precision Frontier)

Use precise exp
NP still appear through Such effects modify measurements vs sVl

virtual effects LLow-energy SM obs predictions to constrain
possible N> contributions.




The Shift to the P

- . N _

* Indirect searches of NP

Use precise exp

NP still appear through Stich effects modity measurements vs sVl

virtual effects LLow-energy SM obs predictions to constrain
possible NP contributions.

* Why use low-energy physics to constrain the Heavy Physics??

* Top pair / Single top production, W helicity fractions

Direct Collider (ATLAS/CMS)

* Limited by hadronic uncertainties, experimental systematics etc.

* Sometimes current bounds are loose [More detail in future slides]

(el teinz ot le k(@ E it e o) © Loop-induced low-energy processes (B meson decays, Meson mixings,...)

* Low-energy observables are measured with extreme precision at LHCb and

Belle II.
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" Integrated out
—

4 Coefficient of the effective operator |
N\, Heavy Field \

incorporates the essence of NP!!
\_ o

lop-down approach

Example: Effective four-Fermi theory (u~ — e 7,1

v
8 Vy  Calculate the same process from both the theories
e Ve Integrated out
q- — My,
o

Matching Eq.

T —

GF . Fermi Constant
03



Integrated out N\’ | . . ;,
e . Coefficient of the effective operator |

incorporates the essence of NP!!

lop-down approach

A > TeV gy ~ 100 GeV e
A represents the heavy scale where NP interaction or particle live ) _ i C[ggd) 5@
- A\(d-4) 1
A systematic expansion of new physics in powers of (1/A). :

/ Heavy ™

Here €. are the dimensionless couplings (Wilson Coefficient), but depend on the

The scale dependency enters through the

renormalisation of etfective operators
-

03



| Effective operators are not renormalised!!

%

O = N ZOOn

g J
g

Just like couplings, EFT operators must be renormalised ',
—loops make them mix..... |

n
Renormalisation Matrix ZU@ 5. +—2L+0 <_)

s

. In a renormalised theory, this UV divergence
can be absorbed within WCs.




Example

| i ised!! :
[L Effective operators are not renormalised!! Consider a matrix element of four quark operator: <@ l)

_

bare __ O '. Renormalisation
@i W = Z Z: OF" , <@z(l//z)> O

gy J

1
Just like couplings, EFT operators must be renormalised ',
—Iloops make them mix..... |

A.. 1\"”
Renormalisation Matrix Zl]@ = 51.]. + Y + O <—)

et

. In a renormalised theory, this UV divergence
can be absorbed within WCs.
_ I




Example
| ' ised!! '
[L Effective operators are not renormalised:! Consider a matrix element of four quark operator: <@ l)

= = - - — B —— _

Renormalisation

bare __ O sAren '.
o = L4 (o =

]l

Just like couplings, EFT operators must be renormalised ',
—Iloops make them mix..... |

A..

l

1

n
Renormalisation Matrix Zl]@ =\ J;+ 40 <_)
€

s

In a renormalised theory, this UV divergence
can be absorbed within WCs.
-

= ,

|
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Example
| ' ised!! '
[L Effective operators are not renormalised:! Consider a matrix element of four quark operator: <@ l)

= = - - — B —— _

Renormalisation

bare __ O sAren '.
o = L4 (o =

]l

Just like couplings, EFT operators must be renormalised ',
—Iloops make them mix..... |

A..

l

1

n
Renormalisation Matrix Zl]@ =\ J;+ 40 <_)
€

s

In a renormalised theory, this UV divergence
can be absorbed within WCs.
-

= ,

|
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‘ To maintain renormalizability across the scale,
information of the running of WCs is crucial

d d
u— 0" = y— (Zi%r-e“) = The ADM is the DNA of an EFT.
du du \"V

A = e

| Anomalous Dimension |
Matrix (ADM) —

d
_ p—E" W) = — (") " ()
—~ d//t

In a Complementary
Approach

N
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‘ To maintain renormalizability across the scale,
information of the running of WCs is crucial

d d
pu—0"¢ = y— (250" ) = The ADM is the DNA of an EFT.
du ld,u S
‘ d ADM carries the information
/’td_@fen e (Z—lﬂd_z> @Jr.en ‘ \
u wo),

o - )\ ’ * Running of couplings.

| Anomalous Dimension | ' Mixing of operators. |
Matrix (ADM) — . + This helps to connect your theory |

- — . to collider observables.

d
_ p—E" W) = — (") " ()
—~ d//t

In a Complementary
Approach

N



-+ With no new particles up to a few TeV, allows one to parametrise NP with higher-
operators built from SM fields....

dimensional, gauge-invariant k

———— — _ I

+ Follow the SM gauge symmetry. |

+ Operator Basis: Warsaw,

SU3). X SUR2);, x U(D)y

‘ NP is integrated out
* Valid above the EW scale. | 3 A > vV SILH, JMT, HISZ, EGGM,
“ Degrees of freedom: SM fields > VeV * ADM are known (Up to dim
including (¢, H, W, Z, ---) \ C‘g( ) 8) Jenkins, Manohar, Trott
’ 3("7) . 3(4) n (d) (arX.1V. 1308.2627)
# Operator bases are constructed j SMEFT SM 2 2 A (d— 4) (arXiv: 1310.4838)
obeying E.O.M., Fiertz Identity, and d25 i arive 13122014
IBP. |

* Dim 5 SM Lagrangian has a single op. |

* Dim 6 SM Lagrangian has 59

independent op.

06



+ With no new particles up to a few TeV, allows one to parametrise NP with higher-dimensional, gauge-invariant

1
!

operators built from SM fields....

— = - e — __

« Follow the SM gauge symmetry:.

* Dim 5 SM Lagrangian has a single op. |
¢+ Dim 6 SM Lagrangian has 59 i But what about the physics

SU3). X SU2); x U(D)y w .. « Operator Basis: Warsaw,
| - NP is integrated out
» Valid above the EW scale. ; A\ 5 Vi SILH, ]MT, HI5SZ, EGGM,,
* Degrees of freedom: SM fields > vev * ADM a.lre known (Up to dim
including (¢, H, W, Z, ---) \ C‘g( ) 8) Jenkins, Manohar, Trott
. g(d) L 3(4) n (d) (arX.w. 1308.2627)
* Operator bases are constructed j SMEFT SM A (d— 4) (arXiv: 1310.4338)
obeying E.O.M., Fiertz Identity, and d>5 i (arXiv: 1312.2019)
IBP. |

independent op. below the EWSB scale??
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* Respect the gauge symmetry
+ Valid below the EW scale and basis

* Degrees of freedom: light quark

< Used for the process at the hadronic |

* Larger operators set due to lesser

(Dim 6, 70(B = L = 0), 123(B # L # 0))

— e e —

(SUQB) X U(1)) |

is constructed after EWSB.

(u,d,s,c,b), leptons, photon and
gluon.

scale or low-energy processes.

gauge restrictions

NP along with SM heavy

_ d)H(d
Z'Lerr = ZQcp+QED T Z Z L0
d>5 i

d.o.f (¢, H, Z, W) are integrated out

+ ADM are known:

Manohar, Peter Stoffer
(1709.04486)

Aebischer, Greub, Vitro
(1704.06639)

* Running is performed through
QCD & QED corrections

07
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« Respect the gauge symmetry !
w;
+ Valid below the EW scale and basis

* Degrees of freedom: light quark

(Dim 6, 70(B = L = 0), 123(B # L # 0))

|
|

(SUQB) X U(1))

NP along with SM heavy
- d.o.f (t, H, Z, W) are integrated out

is constructed after EWSB.
<+ ADM are known:

Manohar, Peter Stoffer

(u,d,s,c,b), leptons, photon and Zerr = Locpsorp + 2 2 LDO@

. (1709.04486)

gluon. o 25 Aebischer, Greub, Vitro
+ Used for the process at the hadronic | (1704.06639)

scale or low-energy processes. * Running is performed through
- Larger operators set due to lesser QCD & QED corrections

gauge restrictions
SMEFET is the right tool above the EW scale; L EET takes over

below it. Matching at the yy. ensures a consistent

description of NP etfects across all energy regimes.




We can match both the (- = [ —

theories at ppy, scale

Hw
ren,Iree Loop C.T. _ ren,lree Loop C.T.
gLEFT T gLEFT T gLEFT Hw gSMEFT T gSMEFT T gSMEFT p
~ Expand the integrands of the loop integrals in the low-
‘ energy scales | In the Dimensional Regularisation
\__ _ . o ) - _ - oy
d L2 a :2€ _1)a—b —q — a—
gLoop — () MZG/ d"k (k%) ~ap (-1)*7°T'(d/2+a)l'(b—a —d/2) (M2)d/2-|— b
LEFT I'(d/2)r(b)
o R Tree-level matching:
| Jenkins, Manohar, Stoffer
- cpren , Tree _ cpren,Tree Loop ( CT. _ ’ ’
VA e A4 oviepr T A4 oMEET T L SMEFT JHEP03(2018)016
( One-Loop matching:
— — Dekens, Stoffer
JHEP 10(2019)197



Summary of Toolkit

———

SMEFT basis App

LEFT basis Urw

—_——

WET basis Ump

09

>

Integrate out
heavy D.O.F
E: from UV
complete
theory.
Z Csmerr (Anp)'
Cyv(Ayy) Csmerr(Anp) ;
Matching .
| Running ,
Z Csmerr (BEw ) , Z Crerr (BEW)'
I | Matching l.
X
c
>
Running g
oQ
Z Cwer (Ump)' . Z CLerr (Hmp)"
l Matching | %
Cwer(Bmb)
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Some Phenomenological studies on top decays

|

Constraining anomalous Wb and related SMEFT couplings using low-energ
and electroweak precision observables. [JHEP 11(2025)071]

|
|
|

A Comprehensive Study on Top Quark FCNC Interaction in SMEFT
Framework. [arXiv: 2602.10201 ]



https://arxiv.org/abs/2602.10201
https://link.springer.com/article/10.1007/JHEP11(2025)071

Why Top quark decays??

(. R

Top as a SM probe: The dominant decay (f — bW) tests the charged current structure (CKM element V,,)

with high precision.

* Top as a NP window: Rare FCNC decays are forbidden at tree level and highly suppressed in the SM
Bt — gX) ~ (1075 =107,

* LHC Advantages: The top is abundantly produced and measured precisely at the LHC, making its decays

kpowerful tools for both SM validation and NP searches. Y

10



Why Top quark decays??

(. R

Top as a SM probe: The dominant decay (f = bW) tests the charged current structure (CKM element V)

with high precision.

* Top as a NP window: Rare FCNC decays are forbidden at tree level and highly suppressed in the SM
Bt — gX) ~ (1075 =107,

* LHC Advantages: The top is abundantly produced and measured precisely at the LHC, making its decays

Kpowerful tools for both SM validation and NP searches. )

Objectives of the Study

To establish the most rigorous, model-independent constraints on anomalous top quark by
leveraging the precision of low-energy observables.

e e - - = e —

1. Exploit Indirect Probes ‘ 3. Perform Global Analysis

5 - - 9 - -
R 35 ORI N T B B £ AR e e v e  — o

\
\ AR -
< i r = G g - = g < g S : V e g < V MG Sa g S : V R S g S ; v @ " g ; o < ’ oy o N o ’ P
T SO0 S B TN DI PG S O PN TP G S 27 o o P P P P WP 2y O R TR S S I O 7P R T SN S S IR P R S e TSR S I O & 5
- . L . 3 pst - —— o g o < ps - = . s ? o i o < = - o - A 5 y s A e = ’ 'S o = fans 5 2 < = g G = s -v. ., 5
/ 7 bé¢ .
/ N / \
AR /N
\ / \
. ) \
— - /e I — - /- —
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- ___ —— p—— T

| * ) ) iU qu ‘
W Ly === (bVM(ViPL + VRPRIIWH™ + b———(g, P + 8RPR)fW”_> +h.c]
\L \/5 My |

///
[

Matching with SMEFT basis
Lsuprr = ), €0, + h.c.
6240 = (p'iD!$) (q,7'1"q,)

Z smerr W) = Ly, (Uy)
ud o T —
@ﬁl’ o l(¢TDﬂ¢) (upyﬂdr)

aw _ (= 1 1
@pr T (qum/dr)f ¢ W//u/

uW __ (= 1y v/
@p,, = (qpaﬂyu,,)f Q W/w

11



. — — p—— T

ad (8P + grPR)IWF™

g (- , - _lio,q"
Ly = by, (Vi P+ VRPR)tWH™ + b

'\ \/5 My

L VI: =V In SM Tree level, MVi =V

Effective Parameterisation is important

-

\_

~

Couple to both charged

and neutral gauge

bosons under the same bud
WCs. O

61 = (¢'iD$) 7'y

= i(¢'D, @) (@,1,d,)

11

Matching with SMEFT basis

Z smerr (M) = Ly (1)




_ffeff — Z I/_tj[ 8s TAG'W <5£tjtPL+ 5;jtPR) G;?y

2m,

€ ut ujt
o (/IL P+ 2! PR> F

2m, e
45V <z<”f’P + 4P )Z =LY (X”J’P L XY )
2ewm, L oL TR TR 2cw L-L 7R R
n,’" Pp+ ngjtPR> H |[t+H.C

At the SM Tree
level

51,13 : /IL,R » KL.R > XL,R >N R = 0
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At the SM Tree
level

51,13 : /IL,R » KL.R > XL,R >N R = 0
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At the SM Tree
level

51,13 : /IL,R » KL.R > XL,R >N R = 0

12



At the SM Iree gl,R’ﬂL,R’KL,R’XL,R’nL,R — O

level

12



At the SM Iree gl,R’ﬂL,R’KL,R’XL,R’nL,R — O

level

12
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Top dipole Top Higgs

U _ v ~ <—>
0L | (G0 T, )G, 0% | (¢l D 1 0) (@Y ar)

pr
U — 1% 7 .<_> _

OB | (g,0"u,)pB,, | 0P | (o' D] 6) (G, v q,)
U — vV 7 U -<_) —

Ou | (@0" u, )T W, | O | (¢'iD ,8) (@, u,)

Iree-level Matching

> g E)p=VIL(CF) ) Erdm = V201G,
L= uy (AL)pr = ZU% (SW (CZ«‘JV) + cw (CUB) ) , (AR)pr = 21’% (SWC;,W*-CWC;LP) :
f—> uj 7 {(K'L)pr = \/ﬁvc‘;/;% (CW (C%V ) ( ) ) (KR)pr = \/ﬁvc‘g‘ft (CWC;;?W - swc;;f )
(X1)pr = (C¢Q(1) C¢q(3)) C¢CI( ) (XR)pr cﬁ,’:‘, (2.6)

f — I/l]H (nL)p'r — 5’0 ( rp) 3 (nR)pr — E'U C;)L'r
e 13
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- Top diposleﬁ ] Top Higgs
_ A | <y
(@ | O (81D ,0) (@ a,)

(g™ u,

o' T, G

Iree-level Matching

> g E)p=VIL(CF) ) Erdm = V201G,
L= uy (AL)pr = 2”% (SW (C;'L;/V) + ew (CUB) ) , (AR)pr 27’% (SWC;W +c Cuf) :

f— .7 {(KL)pr = \/ivc‘;/:t (CW (ng ) ( ) ) (KR)pr = V2 UCZ/‘Z% (cw(/""’w—sWCI'f,‘,,fB )
(X1)pr = v (C¢q(l) C¢q(3)) c¢q( ) (XR),, = v2C2 (2.6)

pr




— —

Due to SU(2) conjugate str, these operator can
generate both types FCNC (up & down)
Under the same WCs.

- Top diposleﬁ ] Top Higgs
(@

(g™ u,

o VTAur)éGﬁ,,

Iree-level Matching

> g E)p=VIL(CF) ) Erdm = V201G,
L= uy (AL)pr = 2”% (SW (C;'L;/V) + ew (CUB) ) , (AR)pr 27’% (SWC;W +c Cuf) :

f— .7 {(KL)pr = \/ivc‘;/:t (CW (ng ) ( ) ) (KR)pr = V2 UCZ/‘Z% (cw(/""’w—sWCI'f,‘,,fB )
(X1)pr = v (C¢q(l) C¢q(3)) c¢q( ) (XR),, = v2C2 (2.6)

pr




Semileptonic decay

(b — s(d)£t)
( h — g ( d) y ) CP Asymmetries, Various Angular
(

(Differential) Branching Fraction,

Radiative decay & Ratio Observables (updated

b — s(d) 1/1/) Ry &Ry

Invisible decay

Mass difference
0  no 0 _  no 1%1 ot
(Bs B, B'—B ) Meson mixing (AM = 2| M, | = | I)
9 mp
Leptonic decay (P — LU ) (Differential) Branching Fraction,
CKM elements
_ Semileptonic decay (P —- MY¢ I/)

14
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Electroweak & other relevant Observables

‘f’
|

Electroweak Precision

Observables

—_— ——— —

Oblique Parameters (S, T,U)

oMy, (Ap, Ar), Ratio observables,

Z Pole Observables ,
Asymmetric observables.
W Pole Observables
Higgs decays ' Branching ratios, couplings in the

Triple Gauge Couplings (WWV(y, Z2)) _couplings, ....

Electric and Magnetic Dipole moments of quarks.

14

kappa framework, TCG

CP Violating Obs



O | 4 GF 6
T thV;}j Z Cil)Ou) + Z
\/5 i=1 i=7,8,9,10,P,S,T,T5
Oy =7 67:2( v, PLO)CYHE), Qg =7 6ﬂ2( 7, PrD)CYHE),

2

Oy = T (dy, PLo)(Cy"ys),

2
e — —
O5 = ——my(dPb)(Z0)

2
e _ _
Op = 1 mb(deRb)(f}gf),

672

2

Or = ~—my(§0,,b)o"0),

2

Semileptonic decay (b — s(d)Ct )

Radiative decay

Invisible decay

2
OiO — 1671'2 (d]}/ﬂPRb)(l’ﬂyﬂySLﬂ)a

2
e — —
05 = ——my(dP, b)),

2

e
o2
Ors = mb(sa b)(f c"yst),
1672

15

(b - s7(9)
(b — s(d) W)

Gy
(Cz’(ﬂ)Oi + Ci,(,u)Oil> NG thvtz C O + CROg
7= T M0 PrO)F!, 07 = T —m(do, PLOIF™,
05 = —my(do,, T'PHIG"", Oy = ——my(ds,, T'P,h)G"".
1672 1672
62 €2
0y = ~— (dnPib) (2rP). O = ~— (drPab ) (57Prv) |



Semileptonic decay (b — s(d)Ct )
Radiative decay (b — Sy (g))

Invisible decay (b — s(d) UD)

4G L 4G
\/_F Vi VE | D ClmOw) + > (Ci(ﬂ)oi + C{(u)O{> - VioVig | €LOL + CrOg

2 o i=7,8,9,10,P.8,T.T5 V2
| — HY !} = Ky
0, = 16772( dy PLb)(Zy"), 0} = 167:2( dy PRb)(EY'0), 0= —— my(dic,, Prb)F*, 0;=~— my(d;c,, P b)F*,
02 | 02 g g
| - - | / - - — a ,uz/a ! — a pra.
; O, = — (diy, P b)(Er'ysE), ; 0}, = — (diy, Prb)(CrysE), Oqg = mb(d T°Ppb)G Oq = mb(d TP, b)G
m 2 ) ) e ) )
- Og = my(d.Ppb)(C7C), O = my(d:P;b)(£C), 2 )
1672 / 1672 / v _ € . v _ € ~
N e ———— 67; L= Tom (dnib) (r'Puv). k= Tom (dnPed) (orP1v)
Op = — my,(d;Prb)(Cys?), Op = = mb(d PLb)(fy5f ),
62 - 62
Or= 2mb(iaﬂyb)(f o' t), Ors = mb(sa b)(f c"yst),
167 2

15



Semileptonic decay (b — s(d)Ct )
Radiative decay (b — Sy (g))

Invisible decay (b — s(d) UD)

4G, 6 N 4Gy VALY L U
thVZ} Z C()O(p) + Z Ci(u)O; + Ci(1)0; thV;I;z. C O + GO
\/5 T =1 i=7,8,9,10,P,S,T,T5 \/5 :

// g2 _ N _ [ | - e
| | — HY !} = Ky
0, = 16772( dy, Pb)(Zr"e), 0} = 167:2( diy, Peb)(Z1"C), 0 =—— my(d0,, Prb)F*, 05 =—— my(dc,, P, b)F*",
02 | 02 g, | g,
| - - | / — _ | _ a ,uz/a 3 I a pa
O1p = ~— @, PO TE). | Ol = < Pab)Errst), kOS 672 5y, T*PRD)GH, | Oy = ——my(d;6,, TP,b)G
| 2 _ _ 2 _ _ - ~——————
- Og = my(d.Ppb)(C7C), O = my(d:P;b)(£C), 2 )
1672 / 1672 / v © . v _ € ~
N e ———— 67; L= Tom (dnib) (r'Puv). k= Tom (dnPed) (orP1v)
Op = — my,(d;Prb)(Cys?), Op = = mb(d PLb)(fy5f ),
62 - 62
Or= o2 mb(iawb)(fa””f ), Ors = g mb(sa b)(fo*”’}gf ),

15



Semileptonic decay (b — s(d)Ct )
Radiative decay (b — Sy (g))
Invisible decay (b — s(d) UD)

4G, 6 N 4Gy VALY L U
thVZ} Z C()O(p) + Z Ci(u)O; + Ci(1)0; thV;I;z. C O + GO
\/5 T =1 i=7,8,9,10,P,S,T,T5 \/5 :

o e -
‘ | — HY - HY
Oy = 16772( v, PLo)(CYHT), O = 167:2( v, PRD)(CYHE), O, e mb(d Prb)FH, 1= Ten2 mb(d P;D)FH,
2 ! 2 gs gS
| - - | , — — | _ 5 — a pra
O =~ A, PO)Errs0). | Olg = ——(diPrb) (st &:)8 67 (A, O = ~—my(do, TP b)G
Jl 2 ) ) | e ) ) . —
- Og = my(d:Pprb)(C7), O = my(d:P;b)(£CY), 2
2 J 2 J e _
o 1or On = ~— (dPab ) (e7°Pr) .
e _ _ e T
Op = — my,(d;Prb)(Cys?), Op = = mb(dPLb)(f;gf)
e’ _ e’
Or= o2 mb(iawb)(fa””f ), Ors = g mb(sa b)(fo*”’}gf ),
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Rare FCNC Pro

_

4G
\/EF V,b‘/:lj(Cg(ﬂ)%(ﬂ) + Cio(1)O01(p) + CS(,M)OS(,M)> .

Due to Anomalous Wib couplings
(Oy, Oy, Oy) are getting modified.

15
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i Rare FCNC Pro

— — _

4G
off D \/EF thV:ZJ(Cg(ﬂ)Og(ﬂ) + Co(1)O;p(u) + CS(,“)OS(,“)> :

Due to Anomalous Wib couplings
(Oy, Oy, Oy) are getting modified.

15



e e s S— =

; Rare FCNC Processes (b — s(d)£¢) o N

Presence of

- = ——

b—>djff 4 GF 1 s,d /
H o' D 72 ththj Co(1)Og(p) + C1o(1)O19(p1) + Co(1)Os(p) ) -
- t Z [y
Due to Anomalous Wb couplings t
(Og, Oy, Oy) are getting modified. , ¢
(a)
s,d /
t
N H
t
b 14
¢ 54 / (@ (e) (1)
t 7/ t . s.d . %% . / s, d P d /
1% We  )---- il U W 114 d v ¢
t t Z [ H ’ t
b > > ! A YUy
%
¢ ¢ W W
b b b > T > !

() (h) (i)
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N ~ FCNC couplings _

————

) \""'\ 3

- Presence of top h Rare FCNC Processes

|

— —

ll

\
\ S, d
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N ~ FCNC couplings __ g

- Presence of top ™~

14
t

~ |V, V.|~ O()
()

b

s,d

14 Y

C
x|V, Vil & 0(107)
(b)

15
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' ” Rare FCNC Processes (b — s(d)£¢) .

Loop Factor containing NP

G = CSM(u) +A C(p) | |
—— ————— 8(€'snvErt)

Matching at EW Scale LA C(upw) = & (%IS |
- e J
Cy (0.99522 0.00716 0 \ [ Cy
Cio| =10.00716 1.0 0 Cio
WET RGEs Cs m \ 0 0 137433 \ Cs HEW F Mahmoudi, et al.

[Symmetry 16(2024)8,1006]
Ci(ip) = Uy, pew) Cppw) Cy(uy) = — 03143
Ce(py) = —0.1710

Observables at y,Scale  C(u;,) = Cl-SM(,ub)+ Ul-j(//tb, HEW)E (%EMEFT)(IMEW)

) 2 2 2
%B(B ) = o 2 md ZE ey 28 m2 | 2 € — ) P 1—4m” |2 ) - e —C|
( q — lu lu ) — TB fB mB 3 | tq tbl ﬁ,u(mB ) 2 | S(lub) s(/’tb) | 7 ' ( p(lub) p(/’tb)) + ( IO(ﬂb) 1()(”[9))
TP Ta 645 | myg mg. my, mp,

16



https://www.mdpi.com/2073-8994/16/8/1006

— — _ - N

SM baseline: tree-level, clean, very small )

theory uncertainty. \

High Event rates: Precision measurements |
are possible.

Direct probe of CKM elements: V.V ,

| from semileptonic 5 decays, V), from top
K decay/single top prod.

@LXZ — (C_'Ly//tbL)(Z LYﬂVfL) @\{;2 = (C_'RVMbR)(LZ L?’ﬂVfL) :

17
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SM baseline: tree-level, clean, very small
theory uncertainty.
High Event rates: Precision measurements
are possible. _ .
Direct probe of CKM elements: V.,V , | V. 7y bp) (€ LYuVer) »
from semileptonic B decays, V,, from top

\\ decay/single top prod.
R ¢
4
(e)
¢
W

(h)




Sl a2 2 iy Nk mgy \ 4, 3mg N,
dqz 19271_3qu \/ M(q ) ( qz ‘/l](l + CVl + Cvz) 1 | 2q2 HV,O ] 2 Q2 HV,t .
Kallen Functlon w

Cy 1.00716 0 Cy
| Ve <1 + Gl + C@(;@)) (C L) B ( 0 1 OO358> (C L)
. H | VR HEW

Semi-leptonic decay (B — D v) =}y

9)
tp 2 2 2 mL% y p 2
= <My JpOp| V,a(1+Cl —CO| .



; EW Prec1s1on Observables

|
.J
ll

] _ %4 %%
555, (m3) = 857,(0) | cf — 5§ 6Z,zmy) 8%, (my)
ms CSw ms m2
‘/ - - ) B B t
| In the SM reference pomt o 452, ( 55 m3) - 55,0 | oy 522,(1%%) 53! (mZ) »
S, T, U = 0 ’ a, \ mi, | sw ms m3 ) v, v,
GFitter Collaboration e SZyw(0)  6X7,(0) c/u
S=0.05=x0.11, a, m3, m3

| r=0.09%0.13, Here % is the self-energy of the gauge
‘ U=0.01+0.11. _
N e = boson

Based on these parameters, many more observables can be constructed

2
InSM, p = Gne _ My — 1 Key observables for the precision
’ Gee M3 | measugement of My,
1 2 N -
BSM, /= CBp =)V +(Bp)P + e b A, : LS S g
L=4ap | LHCb, ATLAS,

D0, CDF




Presence

W Pole Obs.
N of Wtb couplings -

— | ¢
14 b | W boson mass correction
¢ ' W W
A b
b
bs) b(s) c(u) c(u)
ufc t t + Many more
114 Z 114 v/Z
t u/c o
b(s) b(3) (@)
(a) (b) (b)
8V = 8y +08vp-
gy = 8y + 08p - (W — cs)
—> CS
> @(W —> fl/), Rbﬂl/fz RWC = (W p (W
I ['(Z - b, b,) —T(Z - bpby) 3 e
Ry=—t 4 TEobP)TCobdo w3,
| ['(Z — bb) 4

19



|
|

Trilinear Gauge Couplings

|

= e —— =

Direct test of Non-Abelian gauge |

symmetry SM. Lwwy = igwwv | 91 (WLWHEW T —WIW, W) + ky W, W, V*
Extensively studied at LEP &
| A —_ v . — 14 14 . Vpo -
- - | M‘g Wy W, "V A —I—ngW,fW,, (VY + 8°VH*) —igs P (W, 3,, W, )V,
W
~ — Y71V :\ = '3 Va4
+ Ry W, W, V4 M‘; Wi W HV /\) - Here, V = (y/Z) (4.42)
%

g 1V kA, 85‘/ (CP conserving)

Among the 7 couplings -
&Y s Ky/s /IV (CP violating)

| We are also getting
contributions in |

At SM, tree level (glz, gi’ , Kz, K, = 1>
these couplings

20




A élobal(cgi(/’tEW)) =X lglavour(cgi(luEW)) + X éwpos(%i(ﬂEw)) TX gthers(cgi(/’tEW))

2@ =Y (@?Xp(qgi) _ @?FT) G (@fxp(s‘gj) ~ @JEFT>

]

VU- is the covariance matrix of Exp measurements.

21
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Observables - W-mass + Z-pole + TGC + Higgs Decay+ Top cMDM

Scale O ) v Coad Y CraW 22CYs
pew | (—0.86 £1.29) x 1072 | (1.55+£2.45) | (0.02 £ 1.73) | (1.81 £ 3.35) x 102

22
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—

Observables - W-mass + Z-pole + TGC + Higgs Decay+ Top cMDM

Scale O ) v Coad Y CraW 22CYs
pew | (—0.86 £1.29) x 1072 | (1.55+£2.45) | (0.02 £ 1.73) | (1.81 £ 3.35) x 102

X gccc(cgi(ﬂb)) *

Observables —+ FCCC semileptonic + leptonic decays

Scale

_zc¢Q(3)

—ZC* dW

v
22C33

b

(0.0 -

-2.97) x 1072

(0.0 -

- 0.94) x 1072

(0.0 +1.59) x 102

(=1.59 £ 2.57) x 102

22




Observables - W-mass + Z-pole + TGC + Higgs Decay+ Top cMDM

Scale %;ng ®) Tcmd TC* Y %Cg?}’V

pew | (—0.86 £1.29) x 1072 | (1.55+£2.45) | (0.02 £ 1.73) | (1.81 £ 3.35) x 102

Observables —+ FCCC semileptonic + leptonic decays

C¢Q(3) C¢Ud _gc* dW

(% u
Scale 22C33

py | (0.0£2.97) x 1072 | (0.0 £ 0.94) x 107%| (0.0 £ 1.59) x 10~% | (—1.59 4 2.57) x 10~*

==
A\
\

Observables - Meson Mixing + Rare 4+ Radiative + b — sé/ + Invisible

Scale - 213 v Ch L e

up | (—1.23+£0.89) x 1072 | (0.72 £0.85) x 1073 | (—2.61 & 3.44) x 10~4 | (3.71 £2.27) x 1073

22
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R meimnlpe N

)

\ Matchmg Relatlon y
2
Vi (i) = FWG) (u,)
1 v? ,
VR (/’tt) — EF %d (Iut)

g (1) = \f —%* W (u,)

gr (H;) = \/EF%.%V (44;)

Combined analysis: FCCC + FCNC + EWPOs +Others

Scale

Tc¢Q(3)

ud x dW 2 _uW
C¢ c Y, C

HEW

(—1.21 =

- 0.80) x 1077

(—0.53 £ 1.05) x 107> | (1.68 +4.31) x 10~ * | (3.53 £ 2.69) x 10~°

22

(—1.24 -

-0.81) x 1072

(—0.54 + 1.09) x 1073 | (1.73 £ 4.45) x 10~ * | (3.65 £ 2.78) x 107°

®* Exp Inputs: ATLAS[2020]a, CMS[2020]a, CMS[2020]b

Coupling ATLAS|2020]a CMS|2020]a This work
Re(VR) [—0.17,0.25] [-0.12,0.16] (—0.26 £ 1.05) x 1073
Re(gr.) [—0.11,0.08]  [-0.09,0.06] (0.24 +1.22) x 10~
Re(gr) [—0.03,0.06] [—0.06,0.01] (4.99 + 7.62) x 10~3

Re(V) CMS[2020]b (—0.012 £ 0.036) (—1.21 4 0.80) x 102

24

All the bounds are given at 95% CL



https://arxiv.org/abs/2005.03799
https://arxiv.org/abs/2005.03799
https://arxiv.org/abs/2004.12181

‘,\7\ _

\\\
C1Inernpe 2\
T\

?

Matchmg Relatlon y
N P 7
2
Vi () = FW@ (44,)
1 v? ,
Ve (1) = EF G0 (u,)

g (1) = \f —%* W (u,)

gr (H;) = \/EF%%V (44;)

Combined analysis: FCCC + FCNC + EWPOs +Others

Scale 7C¢Q(3) Cdmd C*dW %22 g:yv
ppw | (—1.2140.80) x 107 | (=0.53 £1.05) x 107> | (1.68 +4.31) x 10™* | (3.53 &+ 2.69) x 10~°
;| (—1.24+£0.81) x 1072 | (=0.54 £1.09) x 107° | (1.73 £ 4.45) x 10™* | (3.65 + 2.78) x 10~°

Low-energy obs provides constraints up to two orders

of magnitude stronger than direct collider bounds.

Radiative decays heavily constrain V, & g; — O(1073)

Neutral meson mixing tightly constrains V; & gp

Slight tension in (A ) pull V; slightly away from zero,
though consistent within 2o

Coupling ATLAS|[2020]a CMS|2020]a This work
Re(VR) [—0.17,0.25]  [-0.12,0.16] (—0.26 £1.05) x 10~
Re(gr.) [—0.11,0.08]  [-0.09,0.06] (0.24 +1.22) x 10~
Re(gr) [—0.03,0.06] [—0.06,0.01] (4.99 + 7.62) x 10~3

Re(V;,) CMS[2020]b

(—0.012 + 0.036) (—1.21 + 0.80) x 102

24

All the bounds are given at 95% CL




Scale

Scenario

Values

MEW

((—1.20 £ 0.80) x 1072, (—0.44 £ 1.04) x 10~3)

((—1.123

- 0.80) x 1072, (1.73 4

((—0.99 =

-4.30) X 10_4)

- 1.05) x 1072, (1.17 -

- 3.55) x 1072)

(v—icgﬁg‘d | X—chgw) ((~0.68 £ 4.88) x 10~3, (0.06 = 1.97) x 10~3)

(%Z gud | o7 culy ) ((0.5 % 1.04) x 102, (3.37 £ 2.69) x 10~3)

(es™ , el ((1.62 £ 4.31) x 10~4, (3.36 & 2.69) x 10~3)
o Multiparameter Scenario 25

Strong positive correlations



Scale

Scenario

Values

MEW

d
<A2C¢u ) XQ )

(Fc3™ , ac)

((—1.20 £ 0.80) x 102

((—1.123

- 0.80) X 102

((—0.99 =

- 1.05) x 1072

((1.62 £4.31) x 10~

1.04) x 1073

,(1.73 £4.30) x 10~4)
,(1.17 £ 3.55) x 1073) |
=
- N _ |
21.97) x 10735 | =
O
o
,(3.37 £ 2.69) x 107%) ~
=
~4|

, (3.36 £2.69) x 1079)

,(—0.44 £ 1.04) x 10—3)

~10 _5

Multiparameter Scenario 25

(v?/A%)

Strong positive correlations

0
CoM™ % 10~

5
3

10




Scale Scenario Values S
— 10}
SR T
$a(3) 2 poud =
(—gc" e ) ((—1.20£0.80) x 1072, (—0.44 £ 1.04) x 10-%) | T2 o
<> |
=
bq(3) A [
(—gc a ,—gc*dw) ((—1.12+0.80) x 1072, (1.73 £4.30) x 1074) | “m—"
—30 -20 10 0 10 20 30
( C¢Q(3) %ngf‘/)
, 2 /A 2\ Pa(3) 3
HEW ( /A )C 10
¢Ud ve xdW = /
(5ch, cs™) =
oY
Cq'\
(AQC¢“d,Xz ) ((0.5 % 1.04) x 1073, (3.37 & 2.69) x 10~3) Ni‘z'
=
—4|
(e, ey ) ((1.62 £ 4.31) x 104, (3.36 = 2.69) x 10-3) =5 2 ; : -
( 2/A2>Cgbud 10—3
Multiparameter Scenario 25 Strong positive correlations




Values (GeV_Q)

ubB
Cos

ubB
Cs;

U
Cas

Couplings (

C

A2

K2 The vector-type couplmg %W( ) is

tightly constrained from the tree-
level flavour data (rare FCINC).
%g‘ZG , %g‘;” are not constrained well

by the current experimental data.

“ The remaining couplings are well

constrained from the experimental
data, ranging between

(107° = 107).

* The order of the couplings is almost

the same for (¢ — u X) processes.

) related to different tcX processes

7



Comparison

with Collider bou

—

Values (GeV ™ ?)

Indirect bounds are important!!

nd (Top FCNC couplings

-

G
a3

B
a3

c8

LP’UJ
C/f;‘b

B Collider bound

Global fit

P G P W
Coa (i3 (v ( (43

LP’UJ
C/\/‘E)

Wy
C\/%

\_

Experimental Inputs:
ATLAS[2023.

= = = )

ATLAS[2022.

= = =1/

ATLAS[2024

= =~ = 1/

ATLAS[2022.

= = =1/

ATLAS[2023.

—_ = =l = L)

CMS[2023],
CMS[201/

J

PSS

C?fl C?,X

ugw) = (—0.58 £ 2.02) x 1071°,
)(ugw) = (0.27 £ 4.95) x 10710,

\/

Better than collider bounds

27


https://arxiv.org/abs/2301.11605
https://arxiv.org/abs/2404.02123
https://arxiv.org/abs/2404.02123
https://arxiv.org/abs/2112.01302
https://arxiv.org/abs/2312.08229
https://arxiv.org/abs/2312.08229
https://arxiv.org/abs/1702.01404

Values (GeV ™ ?)

Indlrect bounds are 1mportant!!

Experimental Inputs:

ATLAS[2023],
ATLAS[2022],
ATLAS[2024],
ATLAS[2022],
ATLAS[2023],

CMS[2023],
CMS[2017]

J

- Global fit
- B (Collider bound
G |5, LP w P _ _
(23 (a3 sz% q%% Cx‘b Cx?) Cx‘b Cﬁ‘b qu% pal ) pab )

C?fl C?,X

Top Higgs couplmgs are loosely constrained from indirect searches!!


https://arxiv.org/abs/2301.11605
https://arxiv.org/abs/2404.02123
https://arxiv.org/abs/2404.02123
https://arxiv.org/abs/2112.01302
https://arxiv.org/abs/2312.08229
https://arxiv.org/abs/2312.08229
https://arxiv.org/abs/1702.01404

— = . . ____ ________ _______________ ____ ____________ _____ = = — — —

Result IT (Complex Top FCNC Couplings)

Complex SMEFT Couplings (ugw)

Scenarios Value (10" x GeV %) Scenarios Value (10”7 x GeV™?)

Re(Cys7) , Im(C3y7) (0.23 £6.51), (0.73+3.0) | Re(Cl),Im(C¥) | (—0.70 +2.90), (3.27 + 9.45)

Re(C55), Im(Cs5° (0.0 £ 0.17), (0.0 £ 0.29) Re(Ci5), Im(Cis (0.03 & 0.54), (0.0 + 0.86)

Re(Css” ), Im(Cas’ ) | (0.0 £0.60), (0.014+0.30) | Re(Cis'),Im(Ci5" (—0.14 + 0.87), (0.0 +1.14)

Re(Cod), Im(Cad) | (1.54+18.94), (0.01 £568) | Re(CiY),Im(CiY) | (—5.84 +8.48), (—11.2 + 38.4)

Re(Cys’) ,Re(Cas”) | (—0.22 4 2.20), (0.32+4.00) | Re(Cis’),Re(Cis’) | (—0.12 4 1.00), (—0.55+ 1.62)

* The bounds on the imaginary parts of the couplings are more relaxed than those of the real parts.

* The complex phase provides a crucial probe for studying the CP-violating nature of the top quark.

28



I~ T T
- ]
Scenarios v — ol
X
Re(C33),Im(C35°) | (0. S5 of
S :
Re(C3),Im(Cys’) | (0 & -2 '.
Re(Cz5" ),Im(C33" (0. = 2
y . Re (CYP) x 107
Re(623¢) ’Im(CQ";ﬁ) (]'.Ej /7 7 AN I( 3 ) \ 19 /J 7 \ 19/ AN
Re(C53) ,Re(Csy”) | (—0.22 +2.20), (0.32+4.00) | Re(Cis’),Re(C3”) | (—0.12 £ 1.00), (—0.55 + 1.62) |

N\

More multi-parameter scenario: arXiv 2602.10201

Both €, 5 & €,y couplings contribute to the t — gy(Z)
interactions, making them strongly correlated.

Multi-parameter scenario

(AL)pr = \/é'v% (sW (Cffy)* + cw (C;‘f)*) , (AR)pr = \/iv% (sWCSTW = ch;:rB) ,

Cwwmy

(kL)pr = V2O (e (0" ) = sw (C7)7) o (k) = V20

aw

CW my

gw

(cWCI’,‘rW — ch;‘,.B) ,

29




o _ _ N _ —

o

Lo D +d (W)= qa””ysqF | dq EDM

+dq(ﬂ)5gs(//t)q0”‘”T“75qGﬁ

.‘ A NoN-zZero EDM of a fundamental partlcle violates

o

‘both parlty and time reversal symmetry

| SM predlctlon is tmy, dSM

loop supplfssed)

(s ).
d
(4

=-197x 107" (g d, + gt d, + g5 d,)

—-2.15x 107141 £ 0.5){ <Jd + 0.5 Ju> } cm

g chromo EDM J

1 <1.8x107%°cm
e

Y 9 Y, 9 Y 9
(d) () (f)

PRL 124 (2020) 081803 30
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,» Result Il (EDM Constraints

———

Top FCNC SMEFT Couplings

Im (c;ffc;‘f <0.91 x 1077

Im (cgfcgf) < 3.68 x 1071
)Im (cg‘lw Al cg‘fc;‘f)( <1.15x 107
’Im (cg‘QW v 4 cg‘QBcg‘gB)( < 1.26 x 10~

Im (C37Cis)| < 195 x 107

Im (C39C59 )| < 2.14 x 1074

—_——

W : Im (cgffV ) <2.95x 107!
d;, — m —d;, d, d, dW

Im (032 ) < 4.62 x 10710

. . Tm ()| < 7.86 x 107

Tm (Cg3%)| < 1.23x 1078

* Tightly constrained imaginary part of the couplings !!

30



)
o0
k=
Q.
-
o
@)
ey
o
C
o
=
i
=
V

with the scale

(MEw — M

1 OTeV)

Cgfg@) ~ 12 %
For other couplings

(20 —25) %

ny/
n

Impact of RGE

120k

log (e

log (1)
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uW uW
613 C

uB
Co3

uB
Cis

(,—APD) ;0T X sonfep

. N — uG CuG
Impact is quite large due to QCD corrections!! Cis o

-_A9D) ,0T X sonfeA
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Prediction for CP Asymmetry

—_— —— = —

Origin of CP Violation in Top FCNCs:

* A non-vanishing asymmetry Ap requires the interference of at least two amplitudes with different

Weak phases and different strong phases.

* Weak Phase: Provided by the complex SMEFT Wilson Coefficients (C))

* Strong Phase: Generated by the absorptive parts of the one-loop diagrams, where intermediate

states go on-shell (r — u; y(8) loops) .

Uj ¢ ; U; Decay Channel Acp + Acp
t — ¢y (1.05+4.93) x 107*  (—0.11 £6.06) x 10~°
t Nt t— u -y (—2.31 £ 6.56) x 10°  (—0.26 +2.24) x 10~*
t—cg (—0.05+1.81) x 10~*  (—0.95 + 6.30) x 10~°
! t—ug (—1.18 £3.52) x 107°  (—0.32+£1.19) x 10™*

() (b)

The strict hierarchy A-p , < Acp _ s a direct consequence of angular mom conservation and (V — A) structure of the weak interaction,
demonstrating that photons and gluons emitted in the top FCNC radiative decays are left-handed.

> 32



Connecting Two-Body Bounds to Three-Body Signatures:
* Instead of relying on four-fermion contact interactions, we model the three-body decays

(t - g "¢~ and t — guv) as cascade processes mediated by SM gauge bosons (Z, H, y)

Our Predictions SM Predictions

[JHEP 11(2025) 071, PRD 74 (2006) 073014]

Scenario Bt >cete”) Bt —cup) B(t — cvp)

+_—\ _ ~15 + =\ _ ~15
via t = ey < 563x10~° <2098 x 10~ B B(t — ce+e ) =8.48 x 10 17, B(t — c,u+u ) = 9.55 x 10 17,
viat —»cZ <937x1077 <937x1077 <720x107° |} B(t—we'e)=681x10 "', B(t = up p)=7.68x10 "7,
viat > cH <529%x107° <226x10 -  B(t— c i) =299 x 1071 B(t — u vir) = 2.40 x 1016

Scenario Bt vuete”) Bt—upp") Bt — uwwd)

viat > uy <253x10°°  <1.34x10°° _
viat s uZ <428x1077 <428x10°7 <3.28x107°
viat s> uH <460x107'% <1.97x10 " _

All the bounds are given at 95% CL
33
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Summary and Outlook

1.

2.

\_

A unified SMEFT Framework: bridging high P;top physics with low-energy precision
observables via rigorous matching and scale evolution (RGE).

Key Findings: Low-energy data restricts anomalous Wtb couplings up to two orders of magnitude
stringently constrained than direct collider bounds. Top photon couplings are tightly constrained from
Low-energy observables, and other FCNC couplings are at ballpark of collider limit.

EDM limits exceptionally tight constraints on the imaginary parts of complex SMEFT WCs.

/
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1. The SMEFT/LEFT framework captures NP etfects only as contact interactions among SM
~ fields and is valid below some cut-off or renormalisation scale.

|

2. They can not directly tell us the particle content of NP or its cosmological implications (e.g.
Dark Matter).

_ _ — — — e - —— —_

\_

Complete Basis

Matching with
LEFT basis

Operator Renormalisation

(Anomalous dim Matrix)

‘ | BsM P nol
| Aebischer, Altmanshofer, SM Phenomeno ogy &

Manohar
(JHEP06(2022)086)

) Thank You!!
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(Flavour+EW precision inputs)







High Scale
p=A

Weak Scale
H=mz

Ci(A)

New Physics / DMEFT Basis]

RGFE FEvolution
(1-loop ADMs)

Y
EWSB Matching S EWPO & Higgs
(Integrate out W, Z,t, H) Observables
DM is H:nvy/ Y]:I 18 Light
\ " Light DM (Mpy < my)

Integrate out DM
Match to LEFT

i Heavy DM (MDM Z mz)

QED/QCD RGE

Ci = LLErT

(Acco

Match to DLEFT

Keep DM active

mmodates inv. channels)
y

QED/QCD RGE
C; = LpLEFT

Hadronic Scale
un~ 2 GeV

Non-perturbative QCD

************ [ (Hadronic Form FaCtOI'S, La’ttice InPUtS) J

Compute Ampli

Y

tudes / Rates

Low Energy Observables
(e.g., B— K*u"u~, Inv. Decays, Direct Detection)

| |

|

DMEFT basis can directly accommodate
Invisible Channels (light DM particles)

B — K + invisible, K = 7 + invisible,
T — U + invisible, u — e + invisible,
H — invisible, Z — invisible,

Siie

Other low-energy flavour processes are
loop-induced

Rare FCNC decays, Meson Mixings and
decays, Electron EDM, neutron EDM, LFV
decays,

Electroweak Precision Observables, etc...
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Based on inputs from

SM: J Albrecht et al. (2402.04224)

Exp: LHCDb [2024], Belle Il [202



https://arxiv.org/abs/2402.04224
https://arxiv.org/abs/2308.01468
https://arxiv.org/abs/2302.12791

‘ To maintain renormalizability across the scale,
‘ information of the running of WCs is crucial

. Effective operators are not renormalised!!
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Just like couplings, EFT operators must be renormalised ',
—loops make them mix..... |

Renormalisation Matrix Zy@ = (51.]. - 40 <_) ) ‘:

|

' Anomalous Dimension |
| Matrix (ADM)

d ren _ T ren
//ﬂ@%i (1) = — ()6 (1)

In a Complementary
Approach
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Just like couplings, EFT operators must be renormalised ',
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. In a renormalised theory, this UV divergence
can be absorbed within WCs.
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(L Effective operators are not renormalised!!
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Just like couplings, EFT operators must be renormalised ',
—loops make them mix..... |

n
Renormalisation Matrix Zy@ 5. +—2L+0 <_)

s

51



[ Example
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L Effective operators are not renormalised!! Consider a matrix element of four quark operator: <@ l)
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Just like couplings, EFT operators must be renormalised ',
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Example
| ' ised!! '
[L Effective operators are not renormalised:! Consider a matrix element of four quark operator: <@ l)
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Just like couplings, EFT operators must be renormalised ',
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In a renormalised theory, this UV divergence
can be absorbed within WCs.
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s,d Sad b_)d}, 4 GF
H " = VipVE | (i) O1(1) + Cg(u)Og() ) -
t \/5 j
t
wi LEFT RGEs
t ;
<C7) - <0.66301 0.09259> <C7>
b b G/, \0.00326 0.69877)\Cy), |
Ks (a)

L Ciup) = U ij(/’tb’ ﬂEW)Cj(ﬂEW) n

B Inclusive Radiative decay
BB — Xy)x 10* = (3.40 £0.17) — 8.25AC, () — 2.10AC (1) .

B Exclusive Radiative decay
GI% aemmlgqmlg ( m‘z,
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Branching Ratio (Rare decay)
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b—>djff 55 4G

Ciup) = U ij(ﬂb» :uEW)Cj(:uEW)
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