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Motivation

Proton clecay . Forbidden in the Standard Model
— A clear signal of Phgsics beyoncl the standard model.

Prominent clecag mode: p — etV (Experimental contraints : T, > 1074 9ears).

Has been studied using various methods and models (Bag Moclel, |_attice

QCD,etc.)
A recent analgsis using L CSKR. [Haisch et al, JHEP 05 (2021) 258]

Though it s Prominent, it has not been observed experimenta”9 yet.

Detailed stuclg of other modes is imPortant.



p—etyisOa,) suPPressecl comparecl to mesonic mode.

But, p — etyis free from nuclear absorption and complications due to strong
interactions comparecl to the mesonic modes.

Hence, a cleaner channel for experimental analgsis.

Experimental Partial mean lite >6.7 x 1032 year. [PDG]
Hc—:ll:ncul In unclerstancling the structure of Proton.

Can nelp N constraining the Parame’cer space of various BSM models.

Gained very less attention in the past, onlg one paper 399 Silverman et. Al

[PLB, Vol. 100, n.2 (1981)]

A careful analysis of the form factors is still missing.



e Proton clecag 1S Possi
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e The amplitude for the process 1S:

A(p — eTy) = Z ‘rr <€ (P (k)| @rr'|P(Pp)> — Z Crr"_’g(l?e)Hrr’(Pp’pe)”p(pp)
I | Y

o Allthe flavour effects are absorbed in Wilson coefficients | ¢y

* Using gauge invariance, it can be written in terms of two form factors (to be
calculated using LCSR):

Ad(p = ey) = Z ‘rr { idaﬂkﬁ€§< (Arr' T BFF'VS) }
r,r
e Becaue the Paritg is conserved in QCD,

ALL — ARRa ALR — ARL, BLL — BRR’ aﬂCl BLR — BRL



Light Cone Sum Rules

TOOLS TO DERIVE
SUM RULES

Dispersion Relation

* Idea: To compute : : :
P (relates real part of correlation function to its

hadronic parameters

. . imaginary part)
using the analytic
properties of the Operator Product Expansion
correlation function (Enables one to write correlation function as a
(treated in the product of short distance and long distance physics)
framework of OPE).

; Quark Hadron Duality
~ (Relates the non-perturbative spectral function to the
perturbatively calculated amplitude function)

Borel Transformation
(To supress the effect of continuum and higher resonances)



Light Cone Sum Rules Forp — ey

e The hadronic matrix element to be calculated is.

Herit(py) =  106) [ eI CPay)Prat | p(p,) )

e Two Possibi lities:

] lnterl:)olating Pro‘con current and using Photon distribution amplitucles.

2. | nterl:)olating electromagnetic current and using l:)roton distribution

amplitudes.

Distibution amplitude: The probability amplitude for finding meson (baryon) as a

two (three) quark state with the momentum factions u and (1 — u) (a;, a,, and ;).



Case-~l: Using Proton DAs

o lnterpolation the Photon current:

v_eCHrpup(pp) = — iee*“Jd4xeik°x <e+ T{j ™ (d! CPru,)(e! CPru,) p(pp)>

o The generalisecl Fierz transformations: LlarXiv: hel:)~l:>]’1/ 0%06087]

1
€,(1234) = — (e5(31°42) — €,(31°42) — e,(31°4°2) — ,(314°2) + ep(31°42))

* (dICP,u)(e'CPu,) = l (2(eTCP d))u!'CP,u,) — (e'Co, P,d)u'Co, P,u )>
a L*b LC_4 L*a’/\""c L"b uvs L*a/\"*c uvs L¥b

o Leacling twist (twist-3) nucleon DA, [arXiv:heP~Ph/ 0007279

(0

eabcug(aln)ug(azn)d}f(@n) P(pp)> = fp [(pp .yC )aﬂ(}’sup)vl(ain .pp) + (pp.yC )aﬂ(}’sup)vl(ain .pp) + (pp. }’}’sc)aﬁ(uP)A1(ain .Pp)

+ (i%gpgc)aﬁ(}’p}’s up)T'(a;n . pp)



e |nQCD,

— “a l +2a S, — 2
AQCD _ Enpe J' DaT.(a. Oy 3 ]
| | o 17 1
s DISPCFSIOI’I relation (Dﬂ sturatmg the sum rule with — 5 ancl — states. )

" (0] 000" | P} ~ € (0 [0p| Piop = 00) (Prp = )"0 P(pp>> +

/ Ellipses implies the negative parity

states, higher resonances and
~ Apmipitp(pp — k) continuam.

o k*

iup(pp — k) [}’aF 1(Q2) l = F2(Q2)] up(pPp)

zmp




o The final sum rule turns out ,'De,

/1PF§L(Q2) = efPJQZaiTl(ai) [

M is the Borel parameter, and

T'(a) = 1200504

o TheformfactorA,;(Q?) s,

| . .
I+ 5(453_ — ()1 — 3063)]

N e (0

ALL(Q 2) —

Q? — mp — ie



Case-~-2: Using Photon DAs

e The leaclingtwist (twist-2) DA for Photon 1S: |
(100,90 | 0) = — ie, (Gq) ek, - e;kk,)j due®-y

Quark Condensate

¢ (u) = 6uil [1 + i LU= 32(3y — a)]

n=24.,..

(1)

0 K
Magnetic Twist-2 DA

Susceptibility

e The proton interl:)olation current is chosen to be,

n(x) = 2™ (u, (x) Cysdy(x))u (x)
such that (0 [1(0)| p(p,) ) = m,4,u,(p,)



Form Factors in QCD

e |InQCD, Charge Conjugation matrix

M = in4xeipe°x<y(k) T { ™(d} (x) CPruy(x))Pra (x) X 275, (0)(u. (0)Cysdy(x)) } o>

g

1 —q i c ~J c 3/ 5/ ¢ Cy 5/
_Eeijkeabcpl—"{ (l/t (O)FAM (x))<sbll< (x)ySSilb(x)PrrA + Sblf (x)Tr(FA}/SSZ?(X)PF) T FA}/SSf(X)PFSL]f (X) + FATF(SL],{ 5S§Q(X)PF)>

+H@O ') (5T Prsf @) + SECOTr(s) (TP )

- R

, , 1 , ,
o At leaclmgtwust, on|9 ') = Tap“ will contribute.
2



e |n QCD,

1
da
A9P(Q?) = | SePnP

€

where, P2 = (p, + ak)*> = — aPl% —aQ*and Q% = —p;

o [or clispersion relation, we again saturate the sum rule with proton.

e The higl’wcr resonances and continuam contribution can be related to QCD

result using quark hadron clualitg.

e The final sum rule turns out to foe,

2

—my 1 50
id,mse A (sy, Q) = —J dseIm (A CCDy, Q2)>

p
T Jg



Results

ALL (503 Qz)[GeVZ] Sy = 1 44GeV? ALL (SO ) Qz) [GeVz] So = 1.44GeV?

| 2 _ 2 ﬁ
~0.00510 | 0~ = 0GeV ~0.00065 - 02 = 1GeV?

-0.00515 -

~0.00066 |
-0.00520 - -0.00067
~0.00525 | ~0-00068¢

L 1 ! 1 L ! L : : l l J ] I | M(Gev)

Using Proton DAs Using Photon DAs



Summary & Conclusions
p ey clecay involves 2 FFs: calculated in the fracmework of LCSR.

FFs Presented upto leading twist accuracy using Photon DA (twist-2)
and proton clecag (twist-%).

At this accuracy, the numerical estimates for form factors using

diHferent DAs seems ditterent.

Higher twist threeqaarticel DAs are required to get better estimates
for the form factor involved.
it the ditferences Persists than it might gi\/e cleel:)er insight to the

structure OF Proton.
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