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1. Grand Unified Theories
and the Doublet-Triplet
Splitting
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Grand Unification

x Coupling unification (SUSY GUT) LP. Langacker, Phys. Rept. 72 (1981) 1851
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* SUSY GUT 40

* SUSY GUT: EW scale stabilization @ ¢ ™
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* Unification of quarks and leptons /

* Charge quantization 24 6 8 10 12 14 16 18
Log. ,(Q/GeV)

* Proton decay
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Grand Unification
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SU3)c ® SU(2), ® U(1 LG. Velasco T. University Coll. London (2015)]
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SU(3) GUT

* SU(%) gauge theory
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Poublet-Triplet Splitting Problem

* MSSM Higgs: embedded in 5 and 5 of SU(5)

* H= (Ii’“‘ ) , o= (Cd ) ¢, £, :colored Higgs —> need fo be heavy
H, H,. H,: MSSM Higgs —> need to be light

* Superpotential W > A(HOH + MHH)

* <@ > =diag(h, b, b, - % b % b) Doublet-triplet splitting problem

- 3
= W= Ab+MIEL + /1(—519 + M)H H,

3 .
* Eb = M —> fine-tuning problem
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Poublet-Triplet Splitting Problem

* Solutions:
* Sliding singlet mechanism
* Missing partner mechanism
* Dimopoulos-Wilczek mechanism

* Nawbu-Goldstone bosons

Shihwen Hor (UTokyo) SUSY GUT and the Doublet-Triplet Splitting Problem



2. Missing Partner
Mechaniswm




Missing Partner Mechaniswm in SU(%)

* Mixing with additional triplets
* ¢,50-75-54¢,50-75 5+ ¢;50 - 50
* Symmetry breaking: SU(5) — SU3) x SU(2) x U(l) |

* 75 > (3,1)_s;3 + (6,2)_s6 + (3,2)_s + (8,3); =
+(8 1)() + (3 2) 3/6 —— (6 2)+5/6( 1) / |

* 50 — (6 14,3 + (8 } 172 + (6,3)11,3 : (3,2) 476 + (1,1)
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Missing Partner Mechanism in SU(5)

* Large representation
* 24 > 754+ 50 + 50
* Golor Higgs becomes heavy without fine-tuning.
* 155 term is dropped by hand in original missing partner model.

* Missing partner model with the minimal matter content
does not work well.
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Flipped SU(%) GUT

* Flipped SUL5) GUT: SU(5)xU(1) gavge theory
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* The doublet-triplet splitting problem

* Missing partner mechanism

Shihwen Hor (UTokyo)

SUSY GUT and the Doublet-Triplet Splitting Problem

13



Missing Partner Mechaniswm in Flipped SU(%)

* Poublet-triplet splitting problem is solved by the missing
partner mechanisw.
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* Triplets obtain masses while doublets remain massless
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2. Example: RSymwetric
Flipped SU(5)




R-Symwetric Flipped SU(9)

* Standard flipped SU(%) GUT | S
Fields Components S ) ( )
* MSSM Higas resideinnandn | & .8 10 4117

* H and H break the 80(5)x0(l)
down to the SM gauge group> P
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* Newly introduced in our ¥ odel

* Global U(1)R svmmefry

+ Additional singlet feld s ——
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Superpotential

* Superpotential

FYFOR + N 2R FY fohe+ A0 F 50

Pyoe” ;

1 afyoery Iy 1
+ 1/156 HaﬂHyéhe o

* Unwanted bilinear terms, HH and /4, are both forbidden by the U(1)R symwetry.
* U(1R symmetry highly restricts the possible forms of the operatorsin W,

Shihwen Hor (UTokyo) SUSY GUT and the Doublet-Triplet Splitting Problem



Poublet-Triplet Splitting

* Poublet-triplet splitting problew is solved by the missing partner mechanism.

P _ Light color-triplet Higgs

1 ; . " ‘ .\ -;.:", _‘..’ 8 — 8
gt 1016 GeV 3x 107 GeV 1018 GeV
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Proton Decay

* Dimension-6 proton decay

1 = 2 (122 [ (00, | (o rnnin?x (A2,
* %(1 Z§>2 V| (Ue),, 2<<ﬂ0|(ua’)RuLIMM)QX :(Ali);(;:?z ’
# 1 m0er= 22 (1-2E) 1 0 [ (i [AL2AE2
* 3%(1 Zl’;{)z 145 2|(Uf)12 2(<K0|(z/ts>RuL|p>,¢)2>< :(Ali);(;‘lf)z |

* The color-triplet Higgs exchange process: induced by the Yukawa
interactions —> the decay modes that contain the second generations
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4. Nambu-Goldstone Higgs



Global and Local Symwetry Breaking

* Quasi-goldstone bosons from the SSB of an approximate global sim.

* W= Wigooo®) + WE, §)

* Wyioo(2): invariant under a global sym. group G,

* Hloc 5 Hgl M Gloc
* Goldstone 2 ~ [adi(G,) — adi(H,)| — [adj(G,,.) — adj(H,,.)]
* H,.=SUQ3G)XSUQR2) X U(1)
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Global and Local Symwetry Breaking

) TABLE 1
Content of the P supermultiplet under SU(3)® SU(2)® U(1)

Gloc Gg] H gl

p
suG) su) SU(4)® SU() UM D
SUG) sue TS esUme U Det
S0U0) __ SoUul. . SUResU@euUl)  DeT
“H__soU0)  soU2)  SUAesUQeUM)  Jbal
E so10)  sOo(12)  su@®esu@eu(l)  2De2fes
F SO(10) E, SU3)® SU2)® U(1) 2Dbe2TeSed

]A) = (1, 2)1/2_@(19 2)— /2 T = (33 1)_]/3®(§’ 1)1/39 § = (]’ 1)0’ é =(3’ 2)1/6®(§a 2)..]/6-

[R. Barbieri, 6. Pvali, A. Strumia, Nuclear Physics 391 (19932) 487-500.]
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5. Example: NG Higgs SUSY
SU(5)




NG Higgs SUSY SU(5) Model

LFrist proposed by K. Inouve, A. Kakuto and H. Tkano, Prog. Theor. Phys. 75 (1986) 664.1

* SUSY SU(9) grand unified theory

* Higas sector: a global SU(6) symmetry

* MSSM Higgs: in the adjoint rep. of
SU(6)

% 3 e SN2
Whiges(2) = E/ITrZ + EM Trx

* Relations among the couplings (compared
to the usuval SU(%) GUT)
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NG Higgs SUSY SU(5) Model

* Symwetry breaking
* Global SU(6) —> SU(4)xSU(2)xU(1)
* Gauged SU(%) —> SU(2)xSU(2)xU(1)
* (3)=V-diag(l1,1,1,1,-2,—-2), V=M/2
* Goldstone wodes: (3,2) + (3,2) (1,

< X X

S e

+ MSSM Higos © XA X

* M, = 0 massless to all order (non-
renormalization theorem)

* Radiative corrections after sof+ SUSY
breaking
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Coupling Constants

* SU(6) global sym. —> Relations among the couplings (compared to the usual SU(%) GUT)

* The dependence on the low-energy SUSY spectrum

% Applroxima’re relation (one-loop):

bt S 42 1
(00 Qs  Tamy) T amy)  ax(my)
+——1In LA | Zln : Sa— .
287 my’ - mz° 287 < m2 - mz m%

* The perturbativity condition
* Upper limit on m-, m= and m,
* Lower limit on m;

* We use two-loop RGEs and one-loop threshold corrections in numerical computation
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Results: High-scale SUSY

* Minimal SUSY SU(9) with low-scale SUSY-breaking :
rapid proton-decay problem

* High-scale SUSY: a SUSY-breaking scale of 6(1) PeV

P ' T
T ¥ / S e t000 T
* Purple region: LHC limit ( Q i s
% 4 x 10% F Ny i
] & ) :
* Red line: Qih® = Q) 0 ER / /
2 x10% F |
% MHC S My, / / s 11, <860 Gev
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104
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* M, <10'° GeV

C

104
M2 [GEV]

* A small wino mass M, and a large gluino mass M.,
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Results: High-se "B

* Minimal SUSY SU(5) with low-scale SUSY-breaking: 5|

9-3><1O4 -

rapid proton-decay problem E /
+ High-scale SUSY: a SUSY-breaking scale of 0(1) Pev | / e
b R
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| | | | I
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* A small wino mass M, and a large gluino mass M.,
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Sumwmary

* SUSY GUT: the doublef-triplet splitting problem (light Higgs doublets)

* Missing partner mechanism —> B-symwmetric flipped SU(9)
* A flipped SU(9) SUSY GUT model with an additional global U(1)R symmetry
* The u-terms of the Higgs field are forbidden by the U(1)R sym.
* A light color-triplet Higas M, ~ 0(10") GeV

* Proton decay p — 7% and p —» K™
* NG Higgs —> NG Higgs SUSY SU(5)

% Tgle global symmetry —> relations among the GUT parameters, and restricts the SUSY particle masses through
the RGEs

* My < My
* A small wino mass ( < ©(1) TeV) and a relatively large gluino mass ( > 6(1) — ©(100) TeV)

* High-scale SUSY scenario with M, ~ O(1) PeV is favored.
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