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Conventional Beginnings™

The short distance effects (SM +NP) can be

parametrised as
Starting Point:

4GF @7
_ sd e
Consider left handed  TTeff = At A Z CkO

quark currents.

Cr = Ck,SM +6C

Oy = (57, Prd) (£40). O1o = (57 Prd) ((y"750) |
Oe — (E/YILLPLd) (Df fy'u(l T 75) Vf) ’

6Ct = 6Cs = —5CY,

Charged and neutral leptons are related by SU(2); gauge symmetry:
Correlations between different Kaon sectors

*Disclaimer: The terminology “"Conventional” is subjective
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Figure 7. The bounds from individual observables. The right panel is the zoomed version of
the left panel. The coloured regions correspond to 68% CL when there is a measurement and the
dashed ones to upper limits at 90% CL. K; — pp has been shown for both signs of the long-
distance contribution. For K; — mlee and K; — 7°uji, constructive interference between direct

and indirect CP-violating contributions has been assumed.
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Kaon Buffet

Observable SM prediction Experimental result Reference Precision for projections
BR(K* — ntuvp) (7.86 +0.61) x 107" (10.673% £0.9) x 10~ 1] 15% [23]
BR(KY — n%vi 2.68 £0.30) x 10711 < 1.99 x 107 @90% CL 61 25% (23
L

LFUV(ai! — a%) 0 —0.014 £ 0.016 4,27] Current
BR(K — upji 6.8270730) x 107°

(B = i) (1) ‘O'zg) (6.84+0.11) x 107 62) Current
BR(K, — i) (—)  (8.045547) x 109

< 2.1(2.4) x 1071 @90(95)% CL
BR(Ks — up) (5.15 £ 1.50) x 10712 (24) (95)7% 5] < 6.4 x 1072 @95% CL (LHCb@300 fb~! [42,43])
(0.970:5 x 10719)

BR(K — m%e)(+) (3.4670%) x 1071

(K = mee)(+)  (34650x0) <28 x 10711 @90% CL, [17] 25% [23]
BR(K} — 7%e)(—) (1.5579%%) x 10~
BR(Kp — m%up)(+) (1.38%03%) x 1071

(K = mup)(+) - (1.38203) <38 x 10711 @90% CL, 18] 25% [23]
BR(K, — n'u)(—) (0.94793) x 107

Table 1: The SM predictions, current experimental values, and projected precisions. In the last
column, “Current” signifies that the measurement precision or the upper bound is maintained at the
current experimental level.
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Figure 1: Results of the global fit for the scenario 6C] = §C with the best-fit point indicated by
the purple cross. The fit is implemented using the existing data with a positive signed long-distance
contribution to Ky — uj.
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Projectionl
Two strategies employed

Projection A For observables with upper bound,
the SM is used as a central values.
For others the same current central value
Is chosen

Projection B For all observables
best fit values from the existing
global fit is used as central value



The strategy is further simplified by considering three scenarios

Sequential addition of observables, with target precision, to the global
analysis

Scenario 1:
15% for KT - nuv

25 % for K; — nwv

Scenakio 2:
+25% for K, — nlee

Scenario 3:
+25% for K, — nup



The strategy is further simplified by considering three scenarios

Sequential addition of observables, with target precision, to the global
analysis

Scenario 1:
15% for KT - nuv

25 % for K; — nwv

Reminder:

The choice of central values
Scenario 2: are the two Projections

+25 % for K — mlee

Scenario 3:
+25% for K, — nup
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Figure 2: Results corresponding to Scenario 1. The top row illustrates the impact on parameter
space with the consideration of the golden channels of kaon decays at their projected precisions. The
dark (light) red represents 20 CL regions for Projection A (B). The left (right) plot of the lower row
gives the impact of the individual observables on the fit for Projection A (B).
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Scenario 2:
+25% for K, — nlee
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Figure 3: Results corresponding to Scenario 2. The top row illustrates the impact on the parameter
space with also the inclusion of BR(K — mVeé) to the fits. The dark (light) red represents 20 CL
regions for Projection A (B). The left (right) plot of the lower row gives the impact of the individual
observables on the fit for Projection A (B).
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Figure 4: Results corresponding to Scenario 3. The top row illustrates the impact on parameters
space with also the inclusion of BR(K — 7%uji) to the fits. The dark (light) red represents 20 CL
regions for Projection A (B). The left (right) plot of the lower row gives the impact of the individual
observables on the fit for Projection A (B).



Summary 1

Two possible Directions for Future

KOTO?2

Scalar
operators

Using
Kt = n7ll

More measurements bring out more
features in the parameter space

Disentangling SM and
Non-SM like scenarios
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Figure 7. The bounds from individual observables. The right panel is the zoomed version of
the left panel. The coloured regions correspond to 68% CL when there is a measurement and the
dashed ones to upper limits at 90% CL. K; — pp has been shown for both signs of the long-
distance contribution. For K; — mlee and K; — 7°uji, constructive interference between direct
and indirect CP-violating contributions has been assumed.

Where is K, — puu?
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B(Kg, = p p”) =7 T(Kg, = p p”)="7ss . (JAs.L]” + 5Z\BS,L\2)
Both the " A’ and 'B' coefficients receive the SD and LD contributions

The LD for KL is primarily through the A part while KS is through B: CP
conhserving

SD (CP violating) are necessarily in A for both.

2 m?3 2 2m,, Grao, 2 Y.
BR(Kg — pp) = TstmK@“ {53 NP |+ ( L ) Im* [‘AcT ™ Ath()] )
70 SW
LD SD (2.11)

and for the branching ratio of the K; — i decay we have

2 e Ye
mg \/57'(' Sw

(LD+SD)"2

2, (2.12)
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LHCb bound @90% CL
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Problem: Dominant long distance effects overshadows contributions from C|,

One Solution: Add scalar operators » Not so conventional
Beginnings



One Solution: Add scalar operators » Not so conventional
Beginnings

H)"" = C,0 + C,0

Question: What are ways to get a handle on the scalar contributions?



One Solution: Lets go back to K+ — 77/l

arr  2GLM
o )\1/2
dz 3 2873 ﬁg (2)
2 T%
et {'fV| 16727 )(1+27)
NOT SM + | f \23,25?} .
Hgf;alar é O T Sé Chen et al 0302207

Gao 0311253



£T MY otttz
dzdcosf 2873 BeA 7 (2)

X < | fv]

\ 1672
There 5 5
IS more T |f5| Zﬁg
Ty

+Re(f€}f5)7&)\l/2(z) COS «9} ,

App(2) = O‘i?ﬁ?{ re B7(2)A(z)Re (fﬁfs)/(dl;(Z))

Z
\/ ,
mel

Difficult to do this for the electron mode.




App BR

dl’ 2 G4 M
aG M " )\1/2
A _ T B (2)A(z)Re (fy: fs) dz 3 9873 5 (2)
re(2) = (dr(z)) . -
o 1 2_) Central value
d {’fv‘ 1672 ()( e
+ |fS’2325§} . Error Piece
(K" = ntptp”) (Kt = mtete)
NA438 exp fs| < E865 exp fs| <

Arp |(—2.4+£1.8) x 1072 (4.2 x 107°| | Arp _ ~
BR [(9.62+0.21) x 107%|1.0 x 10~* BR |(2.988 £0.040) x 107" (6.8 x 107°

NAG62 exp |fs| < NA48 exp |fs| <
App | (0.0£0.7) x 1072 |7.7 x 107° Arp - -
BR [(9.16 £ 0.06) x 107%|5.6 x 10~° BR | (3.14+0.04) x 1077 [6.8 x 107°

TABLE I. Bound on fs at 90% CL, from Arp and the uncertainty of the branching ratio. In each panel, the last column
corresponds to the upper bound obtained from the experimental measurement of the column to its left. For the electron
channel, there are no measurements for the forward-backward asymmetry.
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A three parameter fit

dl'/dz ||Ars + dI'/dz
K — mee fs| < fs] < Similar to
—5
sz |aoxioe| - Ay only bound
: Jf, <T7.7%x10
K — mup 1 fs| < fs] <
NA48/2 10.0 x 107°|| 4.1 x 107°
NA62 0.0x 107 || 7.9 x 10-%*

TABLE II. Upper bound for fs at 90% CL, from the three pa-
rameter fit to a,b and fs using various datasets. For the rele-
vant inputs regarding the theoretical calculations we have con-
sidered PDG 2022 [15], and the external parameters a4, 5+
are taken from [16], in agreement with NA62 [14].
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Bound from the fit
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Figure 1: The 90% and 95% CL upper bound on |fs| obtained by our analysis of different
experimental datasets. Left: bound from BR or Aggp as given in Table 1. Right: bound
from 3-dim. fit to f,y and fg as given in Table 2. The vertical black line in the lett plot
corresponds to the only existing experimental upper bound from E865 [18].
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Overall Summary

Two possible Directions for Future

KOTO?2

Scalar
operators

Using
Kt = n7ll

More measurements bring out more K¢ — pp naturally motivates the
features in the parameter space consideration of scalar operators
Disentangling SM and Bound from the fit

Non-SM like scenarios

f.<79%x107°



Looking forward...

Wishlist: More Experimental inputs from K™ — z7uu and K+ — ntee

To do:
Follow ~unconventional’ routes for Kaon physics

Humanyun's Tomb
New Delhi

iverabhishek@physics.iitd.ac.in

Thank you!
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