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I. Introduction

Consider SUSY with the 4th generation,

MSSM: 3 generation matters @
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Two comments:

1. H;, H, — chiral matter (like 3 generations)

p-problem?

2. Worse than SUSY GUT;

can be tested at LHC.



II. Model
Two extra generations (one vector-like)

New particles under SU(2);xU(1)y xSU(3). and baryon number:
Lm(27_17170)7Ercn(1a27170) Qm( % %) UC( 5737_%)7D$n(17§73)_%)7
Hu(2a 17 ]-a O) ) ch'—I(]-a _27 ]-7 O) ) QH(27 _%7 37 _%) ) Ujg—I(la %a 37 %) ) chT{(]w Y 3) %) ’

where m =1 — 4.

(Hu, EICLI, QH, Ic__,, chr__,) — anti-particle rep. of other 4 generations.

Baryon number conservation assumed.

W = N’mLmHu + ,U'anrCnEc + :U’QOQH + ,U'UUC UH + :U’DDC D;I + )‘lanlL E
(1)
At @uLm Dy 4 Ymn @ HuUg, + Y Q1 LUy + §m B DR Uy + Gmn £, D5 U

[, - Mass parameters
A0,y and §)’s - coefficients.



Field redefinition:

e Q U
Hy=""L,, B{="2E,, Q="2q,, vi="nu, Dj="mD;
p pe p p

the superpotential is
W = pHyH, + p°E{EG + p9QuQu + pUUsUfy + pP DEDY + v LiHa B + yQiHyDj
Y QiHUS + Niju LiL; Ef + Ny Q;: LD + MEL;LiES + yP LiHaE§ + A3 QaLiDS
+y7' QuHaDf + AJQiL; D5 + yP QiHaDS + AP QuLiDS + yPQuH D5 + yY Qi H U
+y2QuH U + y?UQuH,US + NQu LU + yQuHUS + NES DSUS + AES, DSUS,
+X\i;E¢D5US + N E¢D U + A\PESDS U + NPVESD, U
(2)

Generally,

Lm = CmiLi + Cm4Hda Ec — C EC + cm4E47 Qm = clez + Cm4Q4,
ng = CT[{LZ'U’L? + C%4Uéf7 DTCn = cgzch + c??lélDécla

(3)

and the coefficients are

A e ! D 7 Q U — e

E _ E _ ) Q _ Q
Z]k )\lmnclz ijcnk ) )‘i' = NmnCliCmjiCos > Yi© = 2AmnCliCmaCny » )‘" = lmncl4cmzcng )
D _ y/ Q D D _ y/ Q D QD __ D
/\lmncl4cm4cm ’ )‘ - lmnclz’ ij Cnas Yi = lmnclz’ CmdaCpy » A )‘lmncl4cmzcn4 ’
D __ Q D U _ Q U Q _ Q U U _ Q U
yQ - lmncl4cm4cn4 y Yi = YmnCriCnas Yi = YmnCnaCny s yQ = YmnCpmaCny »

r_ ) \ _ ~ D \ _~ D
A = YmCmis Y = YpCma, Ai = UmCri, A= UmCra,
U )\EU

U \U e U \E _ &~ e U
)‘ ymncmzcn] ’ )‘z = YmnCniCna » )‘z = YmnCrmaCni - ymncm4cn4

(4)



Dirac mass terms!

One of the 4 generations, namely the 4th,

massive!

HyHu,  ESEG. QuQ.

i i i
(note the 4th generation)

4th generation neutrino massive - higgsino!

Many new interactions.



II.-1 SUSY breaking

Soft masses

—L D M2L}, Ly, + M2hihy, + MRESES, + M3QQ, + MEUCTE + M3 D D,
+ME EGES + MEQHQJ;{QH + MU Us + M}y DG DY
+(Bim Linha + B, B, B + Bpl QrnQu + BYpb U Ufy + BPub D, D + h.c
(5)

Universality: M(Zh E.QU.D) and B&@.U.D

not depend on the sub-script m.

—L > M2LIL; + M2h}hg + M2hlh, + MEESES, + M2QY,Qy + MEUSUS + M3 DE D,
+ Mz Eg By + M3 QyQu + M3y UgUs + M Dy D5,
+(Bphghy + BSu¢ESES + BOuRQuQu + BUpVUsUS + BPuP DD + h.c.) .
(6)

Soft trilinear: alighnment assumed.
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I11.-2 Gauge symmetry breaking

New By terms might complicate the gauge symmetry breaking

analysis.

The larger the coefficients of quartic terms, the more difficult the
gauge symmetry breaking is.

HEW is easier than tolor,

SU(2),xU(1)y: V > £ (h;ghu _ hghd)2 I
Purely U(1)y: V D g (BB — EE*EX)Q S :
Note ¢*/2 ~ (¢g° + ¢’*)/8 numerically.

Correct EWSB requires:

(M* +p*)(My+p®) < |Bul?, 7
(M3 + ) (Mg + p?) > [BYpt|? forX =e,Q,U,D,
with the ordinary one M?*+ M{ + 2u* + 2By > 0.

Higgs sector (including higgsino/gauginos) = MSSM

8



I11.-3 Fermion spectra

Leptons:
L‘D—(ei_,ecH)Ml(e;) ) (8)

el

4 x 4 charged lepton mass matrix,

méj m§4
Ml —_— O e s (9)
7

m; ~ \/|més|2 - |mé3||mé4| )

(10)
My =~ |pf.

The unitary matrix diagonalizing M!MT s

then
( i (“m)(m) -




down-type quarks:

d;f
Lo () M| a5 | (12)
q
mfj mﬁl 0
M= mi; miy —u® | (13)
0 —u? 0

The mass matrix is diagonalized by unitary matrices U¢ and V¢,

my 0 O
UMIWVI=] 0 4@ 0 (14)
0 0 uP
where
[ 0 M
D
H 2
d |2
vl=| o 1 _ Imél” +(9<m1§’) . (15)
KTy H
mg; uPm; .
uP* WP P [uP /
and .
[ 1 - o)
’ 2
d |2
yi—| o Imisl 1 +(9<%’) . (16)
p@*my, K
mfll?, MQ*mex

\ue b e o)

Up quarks ....... (similar)
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II1. Phenomenology

LEP: Extra generation particles should be
heavier than 100 GeV.

Tevatron: Extra generation quarks are

heavier than 270 GeV.

Electroweak precision measurement:

S:T:(%)Z. (17)

The effect of the extra generation can be small
2

enough < (mt/,uX) ~ (1 — 10)% if we take

uX ~ 500 GeV —1 TeV.

11



Unitarity of the 3 x 3 CKM: important
extra generations mix with ordinary three chi-
ral generations which necessarily break the
unitarity of the CKM mixing matrix. Unitarity
violation is about (m,ﬁu) JuPUN2 - This pX
dependence is generally expected in the case
of extra vector-like generations. Hierarchical
or small mixing masses mil(u) can easily make
the CKM matrix approximately unitary within
errors. For an example, (mﬁu) /pX)? <1073,
Assuming only the third generation mixes with
extra generations, the constraint is still loose,
(mgiu) /uPWUN2 < 0.39. The quantity mgflu)
1s at most about m¢. This gives that the pa-
rameter ,uD U > 980 GeV.
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There are new phases in fermion mixing ma-
trices. However, these new matrix elements are

2
of order of (mt /X ) at most. So new CP

violation effects are generally suppressed.

At LHC, in addition to the (super) particle
content of MSSM, it predicts following vector-
like particles: one lepton singlet (Ef, E%), one
quark doublet (Q4, Q fr), one up-type quark sin-
glet (Uf, Uf;) and one down-type quark singlet
(Dg, D$;), but there is no extra doublet lep-
tons which are already identified as the Higgs
doublets.
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IV. Discussion

Try to put H; and H, into chiral fam-

1lies.

New particles are expected at LHC.

First generation — ordinary matter,
Second generation — fermion mixing,
Third generation — CP violation,

Fourth and fifth (the vector one) — EWSB.

Baryon number conservation can be

a discrete gauge symmetry.

Detailed flavor physics of this model is under consideration.
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