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Aim

How could we test grand unification through proton decay ?

What is the upper bound on the proton lifetime in GUTs ?
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In the Standard Model the Baryon number is conserved, U (1) g is a global
symmetry at the classical level. Therefore, the lightest baryon, the proton,
should be stable!
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Now if the Baryon number is broken, we have a new prediction:
the decay of the proton (Pati, Salam, 1973)
p — meson + (anti)lepton

it is a generic prediction of any grand unified theory (SU(5), SO(10),
Es,...)

Georgi, Glashow 1974; Georgi, 1975
Fritzsch, Minkowski, 1975

We have to look for several decay channels:

p - (K+7 7T+7 p+)lj’b7 n — (7-‘-07 p07 Thwa KO)D'IJ
where 2 = 1, 2, 3, and

p— (K" 7" n.p" w,y)e , n— (K ,m ,p)e, j=1,2



Channel

7, (10°° years)
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S. Eidelman et al. (PDG) Phys. Lett. B 592 (2004)




Georgi, Glashow, Phys.Rev.Lett.32:438-441,1974
Georgi-Glashow Maodel

Gauge Symmetry: SU(5)

Gauge Bosons:

X1
G,, B V, H
AM = % ( f{}* K W NB ) V/J = \/§ X2M
! wy —p X3M
Fermions:
[ 0 u§  —ud wr dp )
—uSC 0 uf U9 U9
10 = % ug —uf 0 us dg 5
—uy —Us —U3 0 e
\ —dl —dQ —dg —€ 0 ) I
Higgs Sector:
[ T
15
2l 24(3,2) ) 1
OH = T3 24y = ( ; 4+ 1
H* Y2 s 2v1s
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Ruled out by unification and/or fermion masses !



New B-L Conserving Interactions:

5'v%v"D, 5 — g5 (d°), v* (Xuer — Y,vr)/V2

Q(X)=4/3and Q(Y) =1/3

Tr10iv*D,10 — g5 (€©), ¥ (X, dr — Y,ur)/V2 +
gs (WA X + duy YVu(u)) /V2
10 Yy 1055 = QYyuH + QYyuQT + uYye®T

10Yp 55 = QYpd“H* + LY, e“H* + QYpLT* + u“Ypd“T*
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MINIMAL SUPERSYMMETRIC SU(5)

S. Dimopoulos and H. Georgi NPB (1981); N. Sakai Z. Phys. C (1981)

Chiral Superfields: ?),L 10;, 54, gH 245

Vector Superfields: 24

~-Us 0 o U U
0=2| Uy -U 0 Us Dy
-0y -U, -Us 0 E©
\ -y -Dy, -Dy —-E° o ),
AC A e
[ DF ) (T [ Ti
al Pg A TQ 2 T2
5=| DY bu=| 1; sn=| T,
E H, Hy

\_N)L \ﬁg) \—ﬁ?/

24n = ( 2(332) >3 T 2/15 0 -3 224

If we neglect higher-dimensional operators the model is ruled
out by fermion masses since Yp = Y£ !



New B Violating Interactions in SUSY GUTs:

Wy =10 Yy 1055 + 10 Yp 5 54 +

+ ONap/Mp)) + O°(24}, /M)

Wi = € 5 by —+ Aijr 10; gj 51 + 6; 5; 24y By

A

)\ijk 1AOZ gj 5k —

= 2X\ijx Qi Ly DY + Xijw BY Lj Ly + Xijw U DY DY

where
)\ijk = — )\ikj
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Weinberg, 1979-1982; Wilczek, Zee,'79; Sakai, Yanagida,'82

Baryon Number Violating Effective Operators

Od
Md—4

Lerr = cq

Supersymmetric Models

4 b 2 ~C AC AC

4 b 2 NN,

O]I = Ag a/ d-o €af Qca Lbﬁ Da

5 CiiiL [ " A A
O; = TT/ d°0 €ap €vs €ijk Qaai Qvsj Qevk Lds

5 Clihr 2 ~NC AC /O AC
O = TT/ d0 eijx Uy, Dy; Uy By
5 CHihn 2 ~C AC AC C
O = TT/ d"0 €;jr U, Dbj D Ny

where T = (3,1,—2/3) and T = (3%,1,2/3)
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Gauge d = 6

6
OII
6
OIII

6
OIV

Non-Supersymmetric Contributions o
P. Fileviez Pérez

_ 2 C M C
= ki €ijk €ap U, V' Qiaa €5 Yu Qrso

2
— k‘l €ijk €ap ’UJiCa ’YM Qjaa dkcb Y Lﬁb

) -
= kz €ijk €ap d@% ’Y“ Qjﬁa Ukcb Y Ly

2
= k‘2 €ijk €ap dgb ’7“ Qjﬁa V{? Yu Qkab

where: ki = ggur/V2My, ko = gour/V2My:

V=(X,Y)=(3,2,5/3), V' = (X ,Y) = (3,2 —-1/3)

Higgs d = 6

On(da, ep)
On(da, €5)
On(dy, ep)
On(dy, e5
On(da, ds, v;)

Ot (da, dj , v7)

= a(da,ep) ' P td, ul Pr C_leg

_ T _ *
= a(d,, eg) u' P Cl d, eg P, C '
= a(dg, es) dST poCctu W Py C les
= a(dg, eg) daCT P C W egT P, C '
= a(da,dg,v;) u' PLC " dody PLCT

= a(da,dS,v) dS' PLCT uC dE PO



Buras, Ellis, Gaillard, Nanopoulos '78; Hisano '00; P. Fileviez Pérez '04

d=6 Contributions: Example

Channel: p — 7% e™ (Texp > 1.6 X 1033 years)

u . u

) ><UC

d@ 1 eC
2

MV o

in the physical basis we get:

C 2 C s V2l
O(e,,dg) = kjcle,,ds) e ul ¥ u; e v, digp

Naive calculation:

m

5
2 p

4
acur = (1/40 — 1/25) — My > (2.57 — 3.23) x 10" GeV

Meaur ~ (10" — 10'%) GeV !
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Dimopoulos, Raby, Wilczek '82; Arnowitt, Chamseddine, Nath '85; Hisano, Murayama,
Yanagida '93; Lucas, Raby '97; Goto, Nihei '99; Nath, Syed '01; Babu, Pati, Wilczek'00;
Murayama, Pierce'02; Bajc, P. Fileviez Pérez, Senjanovic '02.

d=5 Contributions: Example

Channel: p — KT i, (Tewp > 2.3 X 1033 years)

U - U
U - | \\\ﬁj\ s
‘ l.---T —1
d > dk MT V;
1 G - -
o~ - t _ T
As x (47r)2MTI(mg’muj’mdk)(U U)j1(D" D)gi.....
2 2 2 2
m m m m m
I(m, m1, m2) = — 5 5 L ln— — 5 2 __In—2
m; —ms \ m; —m?2 m? m5;—m? m?
In minimal SUSY SU(5), assuming m.._+ ~ 200 GeV, m- + ~ 1—10
q3,l3 q1,2,01,2

TeV, and Yg = Y, (WRONG !!):
Mz > 10" GeV ( NAIVE I1)

Note that in general we do not know (U U)jl(f?T D) '



d=4 Contributions: Example

Channel: p — 7% et (Texp > 1.6 X 1033 years)

Naive calculation:

Mgysy ~ (10° = 10") GeV — 74 ~ 2.3 x (107 = 10"%) years
Matter parity: M = (—1)3F~1) = (—1)*R
M = —1for Q, L, O°, D€, E€; M = 1 for A, H, and G,..

See for example: P. Fileviez Pérez, J. Phys. G 31 (2005) 1025
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P. Fileviez Pérez, Physics Letters B 595 (2004) 476-483
d = 6 Nucleon Decay in SU(5) and SO(10) Theories

O(egv dg) = C(egv dg) €ijk E ol U, e_C Y Ak
O(eq, dg) = c(eq, d¢ ) €ijk u 7 U dkﬁ Vi €as
O(Vl7 dow dg) = C(l/[, dow d ) €ijk U; ’Y'UJ dja dkg Yu Vi

cleq,dg) = k; [Vfleaﬁ + (VlVUD)lﬁ(VQVJD)al]
clea, dy) = ki VIUVIY + ks (ViVl ) (ViVip V[ vs) '
c(vi,da, dg) = ki (ViVup)'*(VaVen)"'+ ki VI (ViVup V) VsVen)"

a=p+#2
Vi=ULU, Vo=E.D, Vz=D.LE, V,=D.D,
Viup =U'D, Vey = E'N, Vyp=U'D = K| VoxuKo,
Ven = K3VM
UL Yy U=Y9Y DEYp D=YYY ELYp E =Y
o, f=1,21=1,2,3.
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P. Fileviez Pérez, Physics Letters B 595(2004) 476-483

p — KT and p — 77> Channels and the Test of GUTs

(my — M)’

r K'p) = ; ?
(b= K'0) = T A e
3 1 9m 2
X Z LD e(v;, d, s) + [1 c(v;, s, d°)
=1 |3mB
m 5 2
D(p — 7'%) = oA ol (L+ D+ )3 (i, d,d)
T 1=1

A GUT model with symmetric Yukawa couplings

exp + = 1/4
B, — d6uT_ _ Q1 I'"(p — K'v) ]
o o 2 2 2 2
V2My [ A [ Vidien |+ 1A [V
87r’m3f2 2m,,
Q1 = > 5 , A= D, Ay =
(m2 — m})2A7 ET i 3mp 3mp
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Q=1+

P. Fileviez Pérez, Physics Letters B 595(2004) 476-483

gcur 11 S 11/2
kg = —— =k ‘V ‘ -1+
2 \/§Mv’ 1 CKM { \/Q2}

8TfETP(p — 7w D) —2

kY VAL 1 mp A2 Jag|® (1+ D + F)?

11
o ‘ Veru

Ko
T(p — _) S 30,

T(p — wtw)
T(n — KOE) 037
T(p — K*tv) Y
T(n — 7T017) — 100
T(p — 7tD) T
(= nP) oy s

T(p — 7wD)



|. Dorsner, P. Fileviez Pérez, Physics Letters B 625 (2005) 88-95;
P. Fileviez Pérez, AIP Conf. Proc. 903: 385, 2006

Upper Bound on the Proton Lifetime in GUTs
c(eq,dg) = ki [Vflvﬁw + (VlVUD)lﬁ(‘/?VJ'D)al]
C(eow dg) — k% V111V36a + k; (V4VJD)51(V1VUDV4TV3)M

c(vi, da, dg) = ki (ViVup)'*(VaVen) '+ ki V) (ViVup V] VaVien)"

a=[0#2

— 1-) There are no decays into a meson and antineutrino

— 2-) There are no decays into a meson and charged anti-lepton

(SU(5) where ky = 0)

There are no decays into a meson and antineutrino

(ViVup)'® = (ULD)' =0= Uc = DA" (CI)
vy* = (ELD)’® =0= Ec=DB; (CII)
v/* = (DLE)"™ =0 = D¢ = EB, (C.II)



2 0 13 2 2 4
Iy = 38nm C(p)K)|VCKM agur My

2,2 2

2

m, — 1N

(my, = mic A2 Jag)? x |1+ 22(D — F)
mp

8mm3 f2

C(p, KO) —

In the case of Majorana neutrinos

(Mx /10 GeV)?

2
XYauT

7' < 6.0 x 107 (0.003 GeV® /apy)? years

Using 7, > 50 X 10°? years and ay = 0.003 GeV? the bound on My

Mx > 3.04 x 10"*/agyr GeV

acur =1/39 —1/25 — Myx > (4.9 —6.1) x 10" GeV



|. Dorsner, P. Fileviez Pérez, Physics Letters B 625 (2005) 88-95
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Figure 1: Isoplot for the upper bounds on the total proton lifetime in years in the Majorana
neutrino case in the M x—aqgyT plane. The value of the unifying coupling constant is
varied from 0.02 to 1. The conventional values for M x and agyT in SUSY GUTs are

marked in thick lines. The experimentally excluded region is given in black.
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Figure 2: lIsoplot for the upper bounds on the total proton lifetime in years in the Dirac
neutrino case in the M x—aqgyT plane. The value of the unifying coupling constant is
varied from 1/60 to 1/10. The conventional values for M x and agyr in SUSY GUTs

are marked in thick lines. The experimentally excluded region is given in black.



Type 1I-SU(5)

|. Dorsner, P. Fileviez Pérez Nucl.Phys.B723:53-76,2005
Matter: 5 = (d“, e, v), 10 = (u°, Q, €°)
Higgs Sector: 5y, 24y, 154

1) (3,2,1/6) D (6,1, —2/3)

(I)b cI)C

154 = (1

737
D

Neutrino Masses: Type |l seesaw mechanism

V, =Y,5515y + w55 5} 155 + h.c.

M, = V2Y,va =Y, p vi/M3.

Charged Fermion Masses: Yg # Yg using higher-dimensional operators

Unification: O.K.

See also:
|. Dorsner, P. Fileviez Pérez, R. Gonzalez Felipe, NPB 747:312,2006
|. Dorsner, P. Fileviez Pérez, G. Rodrigo, PRD: 125007,2007



. Dorsner, P. Fileviez Pérez, G. Rodrigo, PRD: 125007,2007
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The whole parameter space where one has unification at one-loop.




|. Dorsner, P. Fileviez Pérez, G. Rodrigo, PRD: 125007,2007
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Unification at the two-loop level.

Using oy = 0.011 GeV? and M™% — 4.5 x 10'* GeV one gets
GUT

T, < 2 x 10% years



Adjoint SU(5)

P. Fileviez Pérez, PLB 654 (2007) 189.
Matter: 5 = (d“, e, v), 10 = (v, Q, e°), 24

Higgs Sector: 5y, 24y, 455

24=(81)D (1,3)D 32D (3.2 (1, 1)
P8 P3 P(3,2) P(3,2) PO

Neutrino Mass: Type | and Type |1l seesaw

VV = ; 51 24 5H —|— yor BZ 24 45H
M7 =a' a’/M,, + bV /M,

Charged Fermion Masses: Yg # Yg using 45

Vde = 10 5 (Yl 5}1[ -+ Y2 45;{) + h.c.

Unification: O.K.

See also: P. Fileviez Pérez, PRD 76 (2007) 071701.



Log,,(Mgur/1 GeV)

P. Fileviez Pérez, H. Iminniyaz, G. Rodrigo, PRD 78 (2008) 015013.
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Unification at the one-loop level.




P. Fileviez Pérez, H. Iminniyaz, G. Rodrigo, PRD 78 (2008) 015013.

Using ooy = 0.011 GeV? (Y. Aoki et al’08)

and M2%% = 7.8 x 10" GeV one gets

e 7(p— Kt ) <9 x 107 years

o 7(p— mt ) < 3 x 10 years

e 7(p — etnY) < 1.2 x 10°° years



SUMMARY-MODEL INDEPENDENT

e |t is very difficult to test grand unification through proton decay
if the supersymmetric contributions, d = 5, are the most important.

e The gauge d = 6 contributions are the least model dependent and
if they are dominant one can hope to test grand unification.

e The channels p — K7 and p — 71 ¥ can help us to test most

of the realistic grand unified theories with symmetric Yukawa couplings.

e There is a VERY conservative and model independent upper bound on
the total proton decay lifetime:

39 (MX/1016 GGV)4

2
XYaur

7' < 6.0 x 10 (0.003 GeV*® /ay)? years
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SUMMARY-MODEL DEPENDENT

e Non-SUSY GUTs could be viable even if the unification scale is low.
This is the case of Type [I-SU(5) where the neutrino masses are
generated through Type Il seesaw and

T, < 2 x 10°° years  (ay = 0.011 GeV?).

e Adjoint SU(5) is an appealing GUT where neutrino masses
are generated through Type | and Type |ll seesaw. In this case:

- 7(p — KT D) < 9 x 10°° years
- 7(p — 7" D) < 3 x 10 years

- 7(p — ™) < 1.2 x 10%° years
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