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The Standard Model after LHC 8
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€ Unanswered questions =

2 Higgs Era
- Gauge and multiplet structure? '
- Charges? Leptons
- 18(27) parameters?
- Neutrino masses?
- Baryogenesis?
- Dark matter?
- Strong CP problem?




Grand Unification (String Unification)

e.g. SO(10)> SU5) > SUB)®SUR2)®U(1)

LH states SU(2) doublets
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€ Unanswered questions

- Gauge and multiplet structure(?)
- Charges

- 18 (27) parameters?
- Neutrino masses?

- Baryogenesis?

- Dark matter?

- Strong CP problem?

Georgi Glashow 1974
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Doublet-Triplet splitting problem:
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The hierarchy problem !



Doublet-Triplet splitting problem:
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® Grand Unification, String Unification

eg. SO(10)> SU5) D SUB)®SUR)®U(1)
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SUSY@TeV ?
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GUTs - Nucleon decay  51/(5)5 SU3)® SU(2)@U(1)
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New lepto-quark gauge interactions
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SUSY GUTS - Nucleon decay |

XQQQL| r
‘ cmmm——— v
u - q =
P R
‘ £ ke
Y
(a) Dimension 6. (b) Dimension 5.
0 _
p— 7w +et p— Kt + 0
34 16 33
Tp_>e+ﬂ0 >1x10 YIS, MX >10"GelV Tp%KJr\_/ >33%10 VIS

A>10"GeV,10°M,,

Raby
Murayama et al



SUSY GUTS - Nucleon decay |
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Recent developments: NoD=5 ¥
GUT SU(5), SO(10) Discrete R-symmetry ZF ...
u-term small (Higgsino mass) 2 Split multiplets (Higgs) T
Anomaly free (discrete) symmetry Higher dimension T

e.g.string unification

Ratz et al

T Doublet - Triplet splitting




Doublet-Triplet splitting from higher dimensions

Compactification: K=K, H
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Massless states: H®H singlets
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SUSY-GUT gauge coupling unification
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c.f. String Unification - Weakly Coupled Heterotic String

Gross, Harvey,Martinec, Rohm
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String unification with gravity
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String threshold effects, A :  Wilson line breaking
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Reduction in X,Y boson contribution -
equivalent to reduction in unification scale.



Precision Unification possible
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String unification with gravity
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Summary

e (Gauge, matter multiplets = GUT SU(5), SO10),...
Hierarchy problem = SUSY GUT
H-term = ZX < Lorentz symmetry D>4
Doublet-triplet splitting =  Wilson line breaking

® Precision gauge and gravity coupling unification possible
o =0.126£0.01—4(sin° 6, —0.23116) M, =(2.5£2).10"°GeV
e Family replication and masses String compactification

GUT relations m,=m,., DeilM,]= Det[M,]
Family symmetries... (?)



Summary

e (Gauge, matter multiplets = GUT SU(5), SO10),...
Hierarchy problem = SUSY GUT
H-term = ZX < Lorentz symmetry D>4
Doublet-triplet splitting =  Wilson line breaking

® Precision gauge and gravity coupling unification possible

o =0.126£0.01—4(sin° 6, —0.23116) M, =(2.5£2).10"°GeV

e Family replication and masses String compactification
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Soft masses - radiative breaking
Ibanez,GGR




Outlook - indirect signals

e Nucleon decqy D=6 operators Operator renormalisation
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Outlook - indirect signals

e Nucleon decay D=6 operators

e Neutrino masses - see-saw

Majorana mass - L violation:

Baryogenesis - via Leptogenesis - v, decay:

Thermal leptogenesis
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(N7 — lp) + (N1 — 1) - 167 (hihy)ll’l.?Q 11

= m, <0.leV, m, >4 x10°GeV

Buchmuller review



Outlook - indirect signals

e Nucleon decay D=6 operators

e Neutrino masses - see-saw

e FCNC
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q, l, |% mixing Egede

Beneke



e.g. Lepton FCNC:
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Outlook - indirect signals

e Nucleon decay D=6 operators

e Neutrino masses - see-saw

e FCNC

q,l,v mixing

e SUSY @ LHC, SUSY Higgs

e Dark Matter

Sphicas

SUSY WIMP, Axions f,. >10"GeV

Sarkar, Aprile



Outlook - indirect signals

e Nucleon decay D=6 operators

e Neutrino masses - see-saw

e FCNC
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e Dark Matter SUSY WIMP, Axions £, >10°GeV
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Unification in split SUSY

Giudice, Romanino



