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Introduction

Standard Model (SM) has automatic symmetry
B-L of renormalizable lagrangian. B is also an
automatic symmetry classically. But its
anomalous. Not important at T=0 but
important at High T.

2
B= 73(3 L)
. , urpurdgre
B violated at dimension 6. eg. = izR .

Mean lifetime for mode p —e™n” greater than
8.2 x 10°° years
Scale greater than about 10'°GeV



Simplest Models With Baryon number
violation but no proton decay: Method

* Proton decay violates baryon number by one unit
and lepton number by and odd number of units.

Interaction violates baryon number
but conserves lepton number or vio

by one unit
lates or

violates baryon number by two units then no

proton decay, for example.

Can happen in supersymmetric mod
there is a renormalizable operator t

els since
nat violates

baryon number but not lepton num

Der.

But still could get baryon number violating
process like: n—n oscillationsor p+p— KTK™



* Simplest (least number of fields) have
two new fields Xi2 that couple to
bilinears of quark/lepton fields:

operator SU3)x SU(2) xU(1l)rep.of X | B | L
XQQ, Xud (6,1,—-1/3),(3,1,—-1/3), —2/3| 0
XQQ (6,3,—1/3),(3,3,—-1/3) 1, —2/3| 0
Xdd (3,1,2/3), (6,1,2/3) —2/3| 0
Xuu (6,1,—-4/3),(3,1,—-4/3) ., —2/3| 0
XQL (3,1,-1/3)py, (3,3, —-1/3)p, | 1/3 | 1
Xue (3,1,—1/3)pp 1/3 | 1
Xde (3,1, —-4/3)pp 1/3 | 1
XQe, XL (3,2,7/6) 1/3 |[—1
XLd (3,2, —1/6)py —1/3| 1
XLL (1,1,1),(1,3,1) 0 |—2
Xee (1,1,2) 0 (-2




* Quantum numbers
(SU(3),SU(2), U(1)) that
tree level nucleon decay
eliminates: (3,1,-1/3),
(3,3,-1/3),(3,1,-4/3).

* Actually (3,1,-4/3)
needs extra W boson

because of
antisymmetry




Eliminate representation (3,2,—1/6)
i d
X,
X,

X
)

e’ o
‘(!‘

Write most general interactions consistent with
The gauge symmetries. Violate baryon number from



The 9 Models

Model 1: X; = (6,1,-1/3), X5 = (6,1,2/3)
Model 2: X1 = (6,3,—1/3), X5 = (6,1,2/3)
Model 3: X; = (6,1,2/3), X5 = (6,1,—4/3)
Model 4: X7 = (3,1,2/3), X5 = (6,1,—4/3)
Model 5: X; = (6,1,—-1/3), X5 = (1,1,1)
Etc.

List not that informative. Lets look briefly
Into phenomelology of model 1



Model 1

Fields: X1 = (6,1,—1/3), X2 = (6,1,2/3)

Lagrangian:
L = —g" X7 (Q1,€Q]5) — 95" X5 (dbodrps)
— G X (U dhg) + AXTY X7 XY €apyearsry (1)

Coupling A has dimensions of mass.
Baryon number violation because of )\
Coupling 91 is antisymmetric on flavor indices,

gi and g2 are symmetric on flavor indices



Neutron Anti-Neutron Oscillations

Neutron anti-neutron oscillation time 7,7 = 1/Am
Am = (A|Hepsln)  Pnon = sin*(t/Tnn)

Experiment SuperK limit,  Am < 2 x 107°°GeV

(gllll)Q 11)\
d d Hett = — _11\[14 7\[2 RldRz U’RJdRJ udeRk 6036'\66/\

1 >
(

ezﬂ\ez 3k’ + €;r jk€ij k! +€z] k€i'jk! +€ka €’ 47 k) h.c.



Calculate matrix element using vacuum insertion
approximation. One matrix element needed between
neutron three quark fields and vacuum.

Expressed in terms of one dimensionful parameter 5
that has been measured using lattice QCD 5 ~ 0.01GeV*

/1112 .11
Aml = 2) 2‘(91 )92|
Am| = 205>

All dimensionful parameters equal to M Yukawa
coupling constants equal to unity then M > 500TeV

Another extreme M, = 5TeV above LHC limits.
Then with A = M, find My > 5 x 10°GeV



Flavor Physics

* Get a contribution to quark electric dipole
moments not suppressed by quark mass

My M; 31\ «
dal = g og (k) [l (g}')7) eom
t
* Experiment: doP < 2.9 x 10™*%ec
M; = 500TeV then |Im[g; (g"fl) | <6x107°




*Another strong constraint from K — K mixing that arises
at tree level from the exchange of X5

Implies that:

Relg3” (93')"]| <18 107 (¢fg)”,

1 TeV

Im _g§2 (g%l)*- <6.8x 107 ( M )2 .



Generating a Baryon Asymmetry

* Use same method introduced for grand
unified theories. Net baryon number per X,X5

pairis  2(r —1)

Decay Br By

X = X1 X, r 4/3
X, e X, X5 — drdr 1—r | —2/3
_£_</ | "ia/‘\hﬁi4/ Xo = X1 X, r —4/3
\\ \‘/ \\ Xs — drdn 1—7 | 2/3



