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Introduction (OFES

In this work, we are examining the following decays:
® Zceqg — Liug
L4 Ebbq — zqu
° Ebbq - Equ
® Qpps — Qg
® Qbbs = Zhas

° =*
QCCS — —cus
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Introduction (O

® Decays induced by flavor-changing neutral current take place
at the loop level.

e All the QCD dynamics are encoded in the hadronic matrix
elements induced by the weak current.

® These matrix elements are parameterized in terms of the form
factors.

® Determining these form factors constitutes a central problem
in studying such a class of decays.

QCD®Work 2024 2/19



Introduction (OFES

® Matrix elements are defined as
(Bt~ | Hetr| Bog)

® where Hesr for b — s,d is
Hefr = th tq Z CP(u

and forc = u'is

Har = 75 3 VaViy 3 COE)

_/ b,s,d
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Introduction (OFES

® To calculate the matrix element, we need to calculate
(Balal . Q|Baq)

where ', = 0,,,(1 —v5)q” or T, = 7,(1 —s5)
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Introduction (OFES

(Ba(P)1dvu(5)IBaa(p +q)) =
a“(p) [(qapu — pagapF ™ + (0 — dgan) Fy Y

+ (aqr — *gapFY ™ + qaq FOV(A)] (ys)u(p +q)
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Introduction (OFES

(Bo(p)ligo"” Q|Bga(p + q)) =

ita ((p + @) (Xa(=i0™) + Xy (p + )"

+ Xs7 1+ Xa(p + q)lp)

+ XsgV'y + XogV(p + q)) + Xrglip!)

(Hiller and Zwicky, 2021)
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Introduction (O

TY =2X1 + A_(Xo + X3) + ¢*Xa + X5 + Xo

1 1
T =—A X + E(mg —q* = 1)X + E(mg +6° = 1)X3 + Xs

7Y =-X1+A_Xo — %(mg +q2—1)Xs — Xo

T =2Xa+ A_(Xo + X3) + Xs + X7

T{ = A X0+ S(¢ 4 2mE — m? — )Xo+ X5) + X+ ma(Xe + Xi)
T4 = — X1 + mp(Xo + X3)

where Ay = my = my and my is the mass the mass of the Bgg
and my is the mass of the By
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Introdution (OFES

e Collecting all, the transition amplitude can be written as

M = Ua(p){(’y5)(f Wipen o copgt F V)0

A(V)

+ () (FaMper 4 FpVpgn

+ FeWipgr 1 copgt F()A(V))Efyuvg,é}

where 7' = () CoFY™ — 2;”—20C7 7Y™ with i = 1,2,3 and
V(A V(A
f4,é,6) = —)C10F1,2(,3)
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Sum Rules (OFES

e Using the sum rules method to calculate the form factors, we
need the correlation function

M= [ d*xe™ (Bo(p)| T {2(T,Q(x)ibo(0)}10)

where joo = £?°(Q?T CY*@°)vas (Aliev et al., 2022)
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Sum Rules (O

e Using Wick theorem to calculate the correlation function with
the QCD parameters, we contract the Q(x) and the Q(0)
from the jZ,Q(O) we are left with matrix elements

(Balda(x)d5(0)Q;(0)|0)

where «, 8 and  are spinor indices. These matrix elements
are calculated in (Ali et al., 2013)
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Sum Rules (OFES

® We can also calculate the correlation function in terms of
hadronic transition matrix elements. To calculate, we need to
correlate the expression of the correlation function in the

region (p+ g)?> > 0 and (p + q)? << 0 using the spectral
representation.

p(saqzupz) H 1 2
N((p + q)? / ds——" """~ + polynomial in (p +
((P+9)) g T PO (p+a)

where p(s, g, p?) is the spectral density.

PPN (s, 6%, p?) = (BolaT.Q|Bqq) (BoQlibol0) 8(s—mg)+p"e" (s)

where p/&her(s) represents the higher state and continuum contri-
butions.
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Sum Rules (OFES

® To eliminate the polynomials and higher state and continuum
contributions, Borel transformation and continuum subtraction
can be applied. Finally, we get

S0 S0
/ dse_S/szQCD(S, q2’ p2) _ / e—s/Mprhen(S’ q2’ p2)
0 0
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Sum Rules (OFES

* To calculate the pP"®" we need <BQQ|J.TQQ‘O> and it can be
calculated with the following correlation function

n= i/d“xe’px <0\T{jQQ(X)prQ(O)}‘O>
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Sum Rules (OFES

o After calculating both sides, we get different structures
consisting of p and g and gamma matrices (i.e., 7,4qx).

® Equating the coefficients of the structures on both sides, we
can finally find the numerical values of the form factors.
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Graphs (OFES
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Figure: M? dependence
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Graphs (OFES

Figure: 8 dependecy



Graphs (OFES
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Figure: g> dependency
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Future Work (OFES

® We need the g? dependency of the form factors up to
(mqq — mq)?.

* Using the numerical values of the form factors for different g?
values, we will find a fit

F(0)

F(q*) =

where mg; and § are fit parameters.

® Using these results, we will calculate the matrix elements.
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Thank You

for your attention.

Do you have any question?
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