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Matter-antimatter,asymmetry of the Universe
requwes Baryon Number V|olat|on (BNV)

suggesting New Physics from very high scales

ABNV ~ 1015 — 1016 GeV

Super Kamiokande, Japan

But what if BNV needs third generation quarks?
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Natural questions:

@ If BNV comes only from b quarks, can Agny ~ Ag < 10'° GeV be possible?
@ Would it lead to observable BNV B decays?

Answer: Don’t know!
Proton would still decay through virtual b quarks, constraining Agny
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Dominant Decay Channels

Assumption: BNV happens only if at least a b quark is involved.
Goal: asI" 1/ABNV, find the smallest Agny allowed by proton decay
= estimate the Iargest BNV B decay rate
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vy €+ U d
W Ve 5
u v u v d
P u: ; P u P i{u
d d U
o p— Ty o p— Tty o p— 7t

mediated by weak interaction and four-fermion BNV operators (®) from SMEFT:

most suppressed I'(p — f)J =) smallest Agny from 7, constraintSJ =) highest I'(B — XY)
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@ I'(p—efwr) <1.23-107% GeV \v;*

@ I'(p— putwr) <0.95-107% GeV u v
C,, is the unknown dimensionless Wilson coefficient pyu
in the Weak Effective Theory (WET)
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Results for p — (v

EXperimental bounds [Super-Kamiokande 2014] I/é €+

@ I'(p—efwr) <1.23-107% GeV \v;*

@ I'(p— putwr) <0.95-107% GeV u v
C,, is the unknown dimensionless Wilson coefficient pyu
in the Weak Effective Theory (WET)
2 |V |2GZm? 1.02 f U
T(p — £Hvp) = 1 [V P 1 0-3GeV x § 020y Torp Ty et Vel
Agny  7680m3m3 0.933, forp— puty,w

Using the experimental constraints

A A
BNV > 6.59 - 10° GeV BNV > 6.86 - 10° GeV

V |CV| p—etv.v V |CI/| p—=putur,o m
rather high! Already showing that Agny ~ Ag is ruled out!
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Results forp — 7o

EXperimenta| bounds [Super-Kamiokande 2014]
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Results forp — 7o
ﬂ-+
EXperimenta| bounds [Super-Kamiokande 2014] ﬁ N
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Results for p — 7o
ﬂ—+
EXperimenta| bounds [Super-Kamiokande 2014] ﬁ N
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b* ’
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Assume factorization, true up to
d
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O(1) corrections
G2 |Vaal*| Vi G
10247Tmb

T(p— 7tD) =
ABNV
Using the experimental constraints

neglected suppressed contributions:
v
d u v d N .
P ,,m,{]ﬂJr Pyt u J} +
U ——u U ——u G A
5V > 3.34-10° GeV
v 4 V ‘C | p—rti
Nip—aar: ‘ ) “) . less effective than leptonic decay m
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Strongest experimental bounds (super-kamiokande 2020]
@ I'(p — w™) < 0.87- 1079 GeV
@ I'(p— mut) <1.30-107% GeV

two independent operators contributing
=> 2D constraints!
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=> 2D constraints!

1/4
ABNV‘ > 6.23 - 1010 GeV (|c,3|2 +0.0014Re[CE* OS] + o.3o4|cz|2) :
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Results for p — 7¢+

0.04f

0.02

Strongest experimental bounds (super-kamiokande 2020]
@ I'(p — w™) < 0.87- 1079 GeV
@ I'(p— mut) <1.30-107% GeV

two independent operators contributing

=> 2D constraints! mp - et
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1/4
ABNV‘ > 6.23 - 1010 GeV (|c,3|2 +0.0014Re[CE* OS] + o.3o4|cg|2) :

p—mOet
i 1/4
Aen| > 5.63-101° GeV (|C4[2 + 0.283Re[C}"Cl] +0.308|CE[2)

p—mOput

these coefficients are 10 times more constrained with respect to C,
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Estimates for inclusive BNV B decays

We can estimate the branching ratio using Agny > 6 - 107 GeV

5
my,

B(B — X/{) ~
210338 Ay
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Estimates for inclusive BNV B decays

We can estimate the branching ratio using Agny > 6 - 107 GeV
my

102 37'B A4
293w FtotABNV

showing that direct observation is ruled out: @XE
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Estimates for inclusive BNV B decays

We can estimate the branching ratio using Agny > 6 - 107 GeV

5
my,

102378 A4
210313 gy

showing that direct observation is ruled out: @XK

what about operators with 7 lepton? Not directly constrained by p decay! I

7/9

B(B - X{) ~ ~ (8|VislGrAgy) > S O(5-107%)




BNV Operators with b and 7

Both b and 7 have to be virtual!
Efficiently constrained by loop induced effects

8/9



BNV Operators with b and 7

Vv,

Both b and 7 have to be virtual!
Efficiently constrained by loop induced effects
Estimate of this process p — (T v, gives

Agny = (0.4 +1.8) - 10° GeV

8/9



BNV Operators with b and 7

Vv,

Both b and 7 have to be virtual!
Efficiently constrained by loop induced effects
Estimate of this process p — (T v, gives

Agny = (0.4 +1.8) - 10° GeV

BB — X7)< (1078 = 1071)

closer to detectability, but experimental efficiency in reconstructing = is much smaller...

TUTI
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Thank You!







... in B Physics

Theoretical predictions are affected by the
non-perturbative nature of hadronic QCD
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... in B Physics

Theoretical predictions are affected by the
non-perturbative nature of hadronic QCD

However nature provided an intrinsic
perturbative scale m;, ~ 5 GeV

= B decays employing Effective Field Theories (HQET, SCET, ...)
to separate perturbative physics from universal non-perturbative inputs
non-pert. perturbative

mw, mgzg
AQCD iy my, ’;TLH,.,..
]

— : >

“~ W _
" "
WET Integrated out in
Wilson Coeflicients
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