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Introduction

Rare semileptonic B — K decays.
Why are they important ?

Recent measurements in LHCb (Rk) showed significant deviations
from SM (> 30)

First evidence for New Physics!

Difficult to be observed experimentally — Proceed via FCNC (rates
both loop- and CKM-suppressed).

Long-distance contributions: B — KZy — K¢

Long-distance contributions can create large theoretical uncertainties:
They should be better understood.

Difficult to be calculated: non-perturbative character.
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In the search for New Physics, we consider the SM as an Effective Field
Theory (EFT), i.e. the low-energy limit of a more complete theory at high
energies.
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Theoretical Framework: EFTs

In the search for New Physics, we consider the SM as an Effective Field
Theory (EFT), i.e. the low-energy limit of a more complete theory at high
energies.
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To search for New Physics in B — K{¢, we use the EFT framework.
Starting point: the underlying quark-level effective Hamiltonian

4G
Her = —— th Z GO (1)
Considering the leading operators, the amplitude is
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Theoretical Framework: B — K¢/

To search for New Physics in B — K{¢, we use the EFT framework.
Starting point: the underlying quark-level effective Hamiltonian

4G
Her = —— th Z GO (1)
Considering the leading operators, the amplitude is

GF em N
M= 7’; © thVtS [16725’)/“6[)#7'[“( 2) + .7:(C7, Co, ClO):| . (2)

Hcz(g%): Non - local hadronic contributions.
In practise, it is difficult to calculate these expressions from first principles.

We calculate them from data using dispersion relations.
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Hadronic dispersion relations

Subtracted dispersion relation for the hadronic contributions

o0

2 z(s
A”Hcg(q2) = (Zr/s dss(pscc_(q)z), pee(s) = %Im[?—[cg(s)]. (3)
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Hadronic dispersion relations

Subtracted dispersion relation for the hadronic contributions

2 00 (s
A”Hcg(q2) = (Zr/ dss(pscc_(q)z), pee(s) = %Im[”)’{cg(s)]. (3)

S0

Dominant contributions to p.z come from One-Particle and
Two-Particle intermediate hadronic states pcz(s) = pLE(s) + p2£(s)

K~
B+

-

I+

We want to have a quantitative estimate of these contributions.
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One-Particle Intermediate Hadronic Contributions

Full dispersion relation for the one-particle intermediate hadronic states =
sum of Breit-Wigner distributions.
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sum of Breit-Wigner distributions.

2
AHip(?) = Y e AT, AT =
j=d/W,w(2s)... J i —4a it

(4)

1;, 0j should be calculated from data. An estimate of 7); can be calculated
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One-Particle Intermediate Hadronic Contributions

The leading contributions come from the charmonium resonances: J/W
and its first excited states.
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The leading contributions come from the charmonium resonances: J/W
and its first excited states.

Resonance 7 value
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One-Particle Intermediate Hadronic Contributions

The leading contributions come from the charmonium resonances: J/W
and its first excited states.

Resonance 7 value
J/v (1.791 +1.231) x 10*
W(2s) (1.834 + 1.346) x 103
W(3770) 4.358 + 0.389
W(4040) 1.538 + 0.622

@ 7/, Thu(2s) = Tw(3770): TTW(4040)-
@ Perturbative calculations predict n ~ O(1).

® 7w, Nw(2s) > O(1): Large violations of quark-hadron duality only
for these two resonances — Perturbative calculations can not be
trusted.
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Two-Particle Intermediate Hadronic Contributions

Proceeding in a similar way, the 2P contribution is

; > [ ds pj(s)
A 2y = N7, 0% A2P (2 A2P 2:‘7/ as _pj '
Hap(q7) ;’Le TA; (%), \j (g°) T s (s — q2)
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Two-Particle Intermediate Hadronic Contributions

Proceeding in a similar way, the 2P contribution is

MHp(@) = Y e A, AP =T [T O )
J

mJg s (s—q%)

Most important contributions are from DD and the D*D mesons in the
loop.
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Two-Particle Intermediate Hadronic Contributions

Proceeding in a similar way, the 2P contribution is

> [ ds pj(s)
AH eI5JA2P 2 A2P 2 — q/ L AT ) 6
2P Zr] (q) \j (q) T Jy S(S—q2) ()

Most important contributions are from DD and the D*D mesons in the
loop.p;j(s) not generally known. Around their respective thresholds

ppp(s) =~ (1 — 4':%)3/2’ ppop+(s) ~ (1 — 4r:>1/2. (7)

Combining these relations with data

np < 0.247 +0.216, and 715 < 1.014 £0.358. (8)

Compatible with np 5 < O(1) (perturbative arguments).
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2P: np 5 compatible with the perturbative calculations.
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@ These methods could be used for the predictions of the 7 values for
other similar decays, where the 1 factors have not been yet calculated
in the bibliography, given the lack of reliable perturbative estimates.
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Conclusions

@ Program for the calculation of long-distance contributions.

@ Calculated 1P and 2P contributions in B — K/¢/¢ decays:
Parametrisation of their strength via the 7.

@ 7 are calculated non-perturbatively, via dispersion relations and data.
o 1P: my/y, Nw(2s) > O(1) Large violations of quark-hadron duality.
@ 2P: np 5 compatible with the perturbative calculations.

@ These methods could be used for the predictions of the 7 values for
other similar decays, where the 1 factors have not been yet calculated
in the bibliography, given the lack of reliable perturbative estimates.

@ LHC Run 3 coming soon! Hope to collect more data and clarify
whether the LFU violations is a statistical fluctuation or not.
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QCD critical point 1 2
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“Decoding the QCD critical behaviour in A + A collisions.” Nuclear Physics A 1003,
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Projects beyond my Master Thesis

During my studies: Co-authored two publications on the search for the
QCD critical point 1 2

After my studies: Research Assistant at the Theoretical Particle Physics
team at ETH (supervisor & collaborator: Prof. Babis Anastasiou)

@ Project: Finite two-loop amplitude for qg — WW, WWZ.

@ Results: Complete locally-finite abelian part of these amplitudes up to
two loops.

o Future: Integration of CTs and extension to the non-abelian case
(under progress).

IN. G. Antoniou, N. Davis, F. K. Diakonos, G. Doultsinos, N. Kalntis, et al.
“Decoding the QCD critical behaviour in A + A collisions.” Nuclear Physics A 1003,
122018 (2020)
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Projects beyond my Master Thesis

Currently: Research Scholar at the Physics Theory Group of LBNL & UC

Berkeley (supervisors & collaborators: Dr. Simone Ferraro, Dr. Zoltan
Ligeti)

3N. Kalntis. “A heuristic approach to the far-future state of a universe dominated by
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Thank you very much for your time!

Nikolaos Kalntis (LBNL/UC Berkeley) ion 18.07.2022



Additional /Explanatory Slides!

Nikolaos Kalntis (LBNL/UC Berkeley) ion 18.07.2022



Conclusions

One-Particle and Two-Particle States n value
J/v (1.791 £ 1.231) x 10°
W(2s) (1.834 4 1.346) x 103
Y(3770) 4.358 +0.389
W(4040) 1.538 £ 0.622
DD < 0.247 +0.216
DD* < 1.014 +0.358
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One - and Two-Particle Intermediate Hadronic

Contributions

PP oc M1(B — KV)My(V — 00). (9)

2P d4£1d4€2 4 / /
12

DD case:
DD* case:
Mi1(B — KDD) =
o+ Pip-q+p- M;1(B — KDD*) = Bp - ¢(D*),

(—ie)(4y — lp): DD vertex (scalar C e(D*)*: vDD* vertex.
QED)
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Theoretical Framework: Long-distance contributions

In principle, the non-local hadronic contributions takes the following form
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Theoretical Framework: Long-distance contributions

In principle, the non-local hadronic contributions takes the following form

i [ dxe ™ (K(p) TUP (). GO5(0) + GOSN B+ a) (1)

= Hee(@®) (P Q)aqu — @°pu) - (12)
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Nikolaos Kalntis (LBNL/UC Berkeley)

One-Particle Intermediate Hadronic Contributions

The leading contribution to pcz(s) is given by the one-particle
intermediate hadronic states, with ¢€ valence quarks (charmonium
resonances: J/W and its excited states W(2s), ...).

K+

l_

l+

Figure: One-particle intermediate hadronic states.
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Two-Particle Intermediate Hadronic Contributions

The next-to-leading contribution to pcz(s) is given by the two-particle
intermediate hadronic states (one-loop).

Figure: Two-particle intermediate hadronic states.
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Two-Particle Intermediate Hadronic Contributions

The next-to-leading contribution to pcz(s) is given by the two-particle
intermediate hadronic states (one-loop).

Figure: Two-particle intermediate hadronic states.

Most important contributions are from DD and the D*D mesons in the
loop (D: scalar bosons, D*: vector bosons).
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Theoretical Framework: Dispersion relations

Dispersion relations: Powerful non-perturbative tool.
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Theoretical Framework: Dispersion relations

Dispersion relations: Powerful non-perturbative tool.

Allow to obtain the real part of an amplitude from the knowledge of the
imaginary part, which is often better accessible.
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Theoretical Framework: Dispersion relations

Dispersion relations: Powerful non-perturbative tool.

Allow to obtain the real part of an amplitude from the knowledge of the
imaginary part, which is often better accessible. From Cauchy's theorem
and causality one gets

M(s):l/s g IMMEN (13)

™ S—S—I6
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Theoretical Framework: Dispersion relations

Dispersion relations: Powerful non-perturbative tool.

Allow to obtain the real part of an amplitude from the knowledge of the
imaginary part, which is often better accessible. From Cauchy's theorem
and causality one gets

M(s):l/s g IMMEN (13)

™ S—S—I6

Generally the input to the dispersion relation, ImM(s), is not well known
at very high energies.
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Theoretical Framework: Dispersion relations

Dispersion relations: Powerful non-perturbative tool.

Allow to obtain the real part of an amplitude from the knowledge of the
imaginary part, which is often better accessible. From Cauchy's theorem
and causality one gets

M(s):l/s g IMMEN (13)

™ S—S—I6

Generally the input to the dispersion relation, ImM(s), is not well known
at very high energies. Then one uses subtracted dispersion relations

M(S):M(qg)Jr?sr/oo ds’ /m[M(s/)]_ (14)

o (5—aq3)s' —s—ie
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Theoretical Framework: Dispersion relations

Dispersion relations: Powerful non-perturbative tool.

Allow to obtain the real part of an amplitude from the knowledge of the
imaginary part, which is often better accessible. From Cauchy's theorem
and causality one gets

M(s):l/s g IMMEN (13)

™ S—S—I6

Generally the input to the dispersion relation, ImM(s), is not well known
at very high energies. Then one uses subtracted dispersion relations

M(S):M(qg)Jr?sr/oo ds’ /m[M(s/)]_ (14)

o (5—aq3)s' —s—ie

Integral weights lower energies more heavily and lessens the influence of
the high energy region.
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Spectral function

pM*) A
1-particle
states

! hound
states

[ 2-particle

‘ ‘ states

N m? o o [‘Zm}gn. '—_"—}J—z
p(M?) = Z5(M? — m?) + a(M?)O(M? — ). (15)

L, ps) Po /OO ,o(s)
- = — . (1
H(S)O(w/o dss’—s—ie’ m—s—jc s dss’—s—ie (16)

0
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