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Baryon Number Violation: Theoretical Motivation

e Baryogenesis
o Sakharov conditions
i. CP violation
ii. B violation
iii. Out-of-thermal-equilibrium
e Dark Matter and the Baryon-DM abundance coincidence puzzle
o Q. QBaryon =5:1
e Neutron lifetime anomaly and neutron-anti-neutron oscillations
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Baryon number violating phenomenology below Aqep

e Inspired by:
o B-Mesogenesis
scenarios
o Hyperon decays to dark
sector particles
o neutron anomaly
e Typical setup: Heavy scalar(s)
mediator & GeV-scale
fermion(s)
e B-violation with chiral

perturbation theory

Adrian Thompson (Northwestern U.)

Baryon — v y and other Rare

Decays

Alonso-Alvarez, Elor, Escudero, Fornal, Grinstein, Camalich [2111.12712]

also: Davoudiasl, Morrissey, Sigurdson, Tulin [1106.4320]

BNV in Neutron Stars
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Specific Model: A Majorana fermion + color-triplet scalar

SU(3)s SU(2)z U(l)y
3 1 +4/3

1 1 0 (suppressing color indices)

X1,2

L DX (X P + X*YPru;) + Nj; (X*d; PrdS + X dSPrd;)

e If X"? have CP-violating phases, baryon asymmetry can be explained

o If (mp—me)<m <(mp+me) y can be the DM

v
e 1'=0 fori=j
e m ~1GeV
v See e.g.:
e m, 21 TeV Allahverdi, Dev, Dutta[1712.02713]

Dev, Mohapatra [1504.07196]
Allahverdi, Dutta, Sinha [1005.2804]
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Decays of the Baryons to v and a Photon (AB=1)

A — vy y decay at tree level n — 1 y decay at loop level

>

u

ds-u coupling or 2.4, All higher-generational
couplings: /lk)L'ij
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Operator Matching to the ChiPT Lagrangian (d-s-u coupling)

New physics “spurion”

v
1 2
035 = emlanar) (@9) <= Lo =T[CTO] | *
4 2.
- Ef(:(f)f).ChPT = BTr[CTut Bryu]
' / hN
: Meson Octet Baran Octet
l Y T
|

Match the quark-level operator to the SU(3)
representation after integrating out the
heavy X

Write down the SU(3)-invariant interactions
between the new physics spurion C? and the

meson octet u ~ e?/" and baryon octet B

n K+
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Neutron Star
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Enhancement of the Baryon CM Energy in Dense Matter

e Dense nuclear matter: baryons il

get a kinetic mass — lifts the
1300+
CM frame energy

e Allows us to probe decays that "

(MeV)

would otherwise be 11001

b‘( m

kinematically forbidden in 6664

vacuum!
900

o — We can decay to y with

00

masses up to ~1.5 GeV v ! i % 3 " 1o 1
R (km)
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Impact of AB processes on Binary Pulsars

Berryman, Gardner, Zakeri [2305.13377]
[2311.13649] [2201.02637]

B 2M(r)] 2
il /e”(r) [1 - (7)} Lo (r) n(r) 72 dr
(] ;

r
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Impact of AB processes on Binary Pulsars

Adrian Thompson
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Berryman, Gardner, Zakeri [2305.13377]
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B oM (r)]~ ‘
= /61/(7‘) [1 — (r)} Com(7) n(r) 72 dr
0y .

N

r

; 02 B
eff ;
M = (agcﬂf + (—2 )agcf) ((DgCB)
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Impact of AB processes on Binary Pulsars

Adrian Thompson
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Berryman, Gardner, Zakeri [2305.13377]
[2311.13649] [2201.02637]

. 1
B 2M(r) | 2 )
= . /eu(r) {1 . (7 )} P (7) 7),(7’) .

47 r

; d 1 B B\ /2?1 421 P,
ME=— (M+2I?)=b(M) [ = | M+b()| = - 5
dt< 3 ) ( )<B) +()(B>(P3> 3

~

~~

RNV

P obs P GR P E P ext
vy _ (D i) i)

NS 7

~"

intrinsic ﬁ

Relative rate of orbital BNV perturbs the energy loss

period decay
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Systems in this study

Name J0348+0432|J1614—2230|  J0737—3039A /B
M, (M) 2.01(4) | 1.908(16) |1.338185(+12, —14) [A]
M. (M) 0.172(3) | 0.493(3) [1.248868(+13,—11) [B]
(B Blos G ")| 1:8 1077 | 20x 107" i) s
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e We looked at constraints on

the coupling product
2,04
e We find stringent constraints
from binary pulsars down to
the 107 level (nucleonic
Equation of State or EoS)

e Potentially as low as 107 if

we have hyperonic EoS!
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Laboratory Probes

e Collider searches:

See e.g.: [2404.14844]

l l
o Monotop, Monojet, and missing ’ ’

Vg

energy searches . -
. ) ’ X
e Di-nucleon decay searches: b\ X
o Super-K: large volume detectors )
d Y ¢
search for spontaneous
di-proton decay
10
w ' “ I ‘ ik gl 8 ! \4 AQCDPN
s ; . = % T(pp > KK )::(/\1)\12) ———o——
% :[ X Tl 777.7)777.1#,)717,)(
W —————
X Assuming this scales with atomic number as ~Z, we can
e rescale the Super-K sensitivity using other nuclei such as
4 Pa g ‘ “0pr
P 7 7 j l
(%S e w
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Comparison with Laboratory Limits: lowest quark generation couplings

10°
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Comparison with Laboratory Limits: Higher generational couplings

10° ; /v |,' X}“@ (/J Di | q KK
ey | | [ L e, | T e
g - | Binary Pulshrs highly suppressed for higher
= 0= //" 7 (Hyperonic/EoS) generational couplings (CKM +
:%E _ 4 // loop suppressed)
w0 _5,<.,..,,.....7.?‘).'.?..5'.9??&5191? .................................................... / ................................ e Binary pulsar constraints no
’;\:_, - 1801.08427 longer benefit from pure
= -3 tree-level couplings to A-baryons
e Binary pulsar set leading bounds
| below my < 1.3 GeV — collider
" searches probe higher masses
10-5 , ; ; ; : :
1.0 1.1 1.2 1.3 1.4 1.5 1.6
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What about dark matter laboratory searches?

¥ can be the dark matter if:
m-m<m_ <m+m
p e Y p e

Consider the Earth-captured ambient DM flux 7, (7) = % exp < - w)(—)(, — |7 + Uig|)
through a large detector: Neac™™/“v %
Then look for v n — 7~ K" in the detector; a very
unique final state!
DM T
E.g. DUNE Far Detector (FD):
mx \ 2 .
|A1A]5] > 2.69 x 1()_7( e ) DUNE-FD sensitivity to DM, 90% CL N
e N
n A’+

In Ar nucleus
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Outlook

e Neutron stars are extremely sensitive probes of baryon number

violation: sensitive to TeV scale mediators

e Whether or not NS have hyperonic EoS makes a huge difference -

a good motivation to study nuclear matter and strange physics!

e Laboratory probes and colliders complimentary to these bounds

for larger masses of the Majorana fermion > GeV, and for

higher-generational couplings
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Backup Deck
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Baryon number violating phenomenology below Aacp

e Inspired by B-Mesogenesis
scenarios, dark sector particles
from Hyperon decays, and neutron
anomaly

e Typical setup: Heavy scalar(s) &

GeV-scale fermion(s)
e We describe the B-violating models
at the meson-baryon level: Chiral

perturbation theory
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Alonso-Alvarez, Elor, Escudero, Fornal, Grinstein, Camalich [2111.12712]

also: Davoudiasl, Morrissey,
Sigurdson, Tulin [1106.4320]
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Enhancement of the Baryon CM Energy in Dense Matter

Vector meson self-energy

l

AT VR y T {E*(k*),l%’-i}

e Inthe dense nuclear matter, baryons get a
kinetic mass which lifts the available energy
in the CM frame

e This allows us to probe decays that would
otherwise be kinematically forbidden in
vacuum!

o — We can decay to y with masses up
to ~1.5 GeV
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Impact of AB processes on the Star’s spin rate
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Berryman, Gardner, Zakeri [2305.13377]
[2311.13649] [2201.02637]
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Operator Matching to the ChiPT Lagrangian (d-s-u coupling)

Match the quark-level operator to the SU(3)
representation after integrating out the heavy X:

Ao 100
1 A5 CH(ds)u] = 2= (00 0
Oij; = ifjkl(q}cm)((hd)) & L = TE[CRO] m% \o 0 0
% + L% 7wt K+t \\/_% 4 3_; o+
SU(3)-invariant interactions P = 7r_ _% +2 KO B=| »- 4&_Z
with meson/baryon octets: K- 7 s = =0 _248°
V6 V6
X i S DTt o =T al\C e Yy
- (0) . R,.tp . bp |—io?| YR = bPLy° and u = e
I’ Log cnpr = BTr[CTu' Bryy] [-i”]
| ¥ _
I ——
I 712) Vs
n G
| > i . )i
+ /,’ +
N Y R K* .
n Kt A,EO L K*
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Expansion of the ChiPT New Physics Lagrangian: Zeroth order

0 A ; . . - | -
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Expansion of the ChiPT New Physics Lagrangian: First order in 1/f_

0 A , to1 s 0 oo
Efsz).,ChPT a 5TT[CRUTBRWU] ul 1 T gf:

(0) B MMg (iK ¢°Prp iKYY°PRE~  in ¢°PrEt into°PrE- ‘
Lot cnpT - ) o + h.c.
’ f7r my \/5 \/§ \/5 \/5
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Expansion of the ChiPT New Physics Lagrangian: Second order in 1//>_

- _ oo
Eg(f)f)ChPT —ﬁrﬁ[CR TBR’UU] e I — 2f7r gf:

j A A 3 TR K_I‘*— P Z[) +I(_ I(:P 0 3 8[{_ __(.'P 5 OI(_'__{:P
Ee(e(f)r),ChPT , (— \/;K_K“LLO'PRA - LN TR \/; n Y Prp 2 F V°Prp

j 7n'Y 2\/_ 2 4 4/2
\/gvyglﬁ'+z,7)"PRE_ N x— K+ PpE° 4 O K¢ PpE— B KOnrt4)¢ Pr=—
2 4 2 4/2 AF2
1O PpXt 4 7Oty PRy~ B K+ﬁd_)"PRZ_ B W‘ﬁd—)"PRp
24/2 2v/2 4 4

K°K-¢°Ppm*t 1 e Py :
N l: R B ﬂﬂ—ﬂ&wﬂpnz“ 3 h.(:.) +0(1/f

Adrian Thompson (Northwestern U.) DPF/Pheno 2024 May 14, 2024



10()
n (=]
) Neutron Star Hyperonic EoS
z
S
’\-Eqm
2 4 6 8 10 12 14
R (km)

Adrian Thompson (Northwestern U.) DPF/Pheno 2024 May 14, 2024



