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ABSTRACT
The renormalization group equations for heavy fermion Higgs-Yukawa
coupling constants possess low energy fixed points. We predict the
masses of fourth generation quarks and leptons, or an ultra-heavy *“up
quark. These also correspond to upper bounds on fermion masses in

SU(5)~1ike theories.
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Faniliar theoretical relationships exist emongst the masses of th
e . VSN |
light fermions in S50(5):
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rom essentially three ingredients: (a) the Higgs mecha-

nism which relates the fermion mass to the Higgs-Yukewa (HY) coupling
stant by m. = g.<¢">/7 % g_+(175 GeV); (b) the nalization
oristar ' uf \3].:. O . gf 2 e ’ 12 renoriallzaclion
group (BG) ecuaticns whic
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r describe the evolution of the (EY) couplings
down fron MX to low enzrgies and (¢) the boundary conditions frem SU(H),

assuwing =2 of Eiocs, which relat

24 lage
- e —1/3 Cuark(‘)
within a civen generation. 'Thus one obtaing:
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and the nuierical results of eg. (1) foliow to one lcop accuracy with

A v .4 Gev. Ve note that ingredients (b) and (¢} do not apply to
rodels with composite Higes boscons (e.g. ETC) or corpoesite fernmions on a
scale of M' < MX since the EG ecuationz demand pointlilie particles cver
the entire range of the desert. Though the results for m. /n and ms/mn
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are questionable we note that they are cualitatively c¢orre We take
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the "prediction® for mb/mT to be a sucgezsful resuli of SU(H

ek to extznd the above analysis to much heavier objects; either a very
'heavy top-cuark or a heavy fourth generation of quarks and leptons.

For very heavy cquarks and leptons the RE eguations of the HY

coupling constents, which lead to ed. (2), must be modified to include
the effects of the (now large) HY couplirgs themselves. 'he equations

thus become nonlinear in Ge vhen g

absclute scale of Ue- Hence, the relevant fegmion mass scale for whi

c
ts begome important iy expocted to be, assuming a single B of

these efifec 5
Higos, n - O q3(290)0173 V240 CeV (with several isodoublet Higas
uarh :
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having VEVs this scale decreases).



Furthernore, as first corphasized by Frogatt and Fielsen and more
recently by Pendleton and zed points™ which
determine gf(p) in@ggpqéent of ¢, (1) -hou general dependent upon

Mr Hey Gar gor ggr etc.). e g (1) (typically

) 2 1) we can hope to make ~dicti : heavy fermion masses
cin the fixed point structure ¢f the RG equaticns withovt knoving any

detalils of the initial cenditicons at 1! FEowever, the

§

watiure cf these
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fized points is slightly subtle,  as we now show.
Pendleton and Ross consicdered the possibility of a heavy t—quark
(ve will focus upon a fourth ceneration below which we expzet to be a

more realistic possibility; the t-guark will serve as a paradigm for the
mathematics) for which the RGC ecuations cf 9y and G (= g Yo ) become
. U
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5) in terms of 93(u), it

(
w1ll recain "locked in" to this relationship for ell suabsequant,

decreasing p. Taking @ v 100 €V one has mtoi = gt°l75 110 GeV, wvhich
becomes 135 GeV upon includi electroyeak éorrectlons.

Physically we must ask, however, given an arbitrery initial gt(My)
what is the most nrobablse final result for gt(u)? In fact, ey. (4) is

just the "Bernoulli equation" ard can be sclved analytically:
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However, to be at a fixed point in the sense that gt(N } ro longer

influences Ye {(i1) it is sufficient that

. . 2 2,
which can easily ocgur for (g3 (y)/g (1.) g 1, lonﬂ bzfore the
limit leading to the P2 fixed point. Defining R (u)/ K) we now

assume l/b0 In B v 0. Expanding eg. (6) one finds:

it

[La}
—~
=
fos
1

. 2
i S (1) 5 Tin R 1 5gw;n R + ~—T—§(ln R) oo (9)
0 1200

Fauation (8) defines a roving fixed point in p andbix vhich we refer to

o the "intermediate fixed point.” It is the physiczally interesting
asymptotic behavior -for gt(u) as u/ﬁx-> 0, but setz in before the
Gecouvpling limit, 1 > xnt.

In Picgure 1 we illuztrate how an arbitrarvy initiz N ) tends to

EF
*
bz swept tqward at(u) (72 also plot the decoupling limit, =_17J gttp))

provided g_(Mx) > 1. Thigs is a valid perturbative estinate provid
Jtz(p)/léyg < lor 9, < 4T. Hence, Fhere ig 2 large perturbative domein
of attraction corresponding to g;(u) v 1.2 for u = 200 GeV. The
resulting "prediction” for our hypothetical single heavy t-guark is 240
GeV (* 10%) includirng full electroweak corrections.4 This is also
ecuivelent to the absolute vpper bound of Cabibbo et al.5 Is this a
reasonable value for the mass cf the physical t-quark? Recently Buras
has obtained a limit of me < 33 GeV and we remark that & twquark heavier
than v 200 GeV will destroy the cuantitatively successf m /P rela-
tionshi9.7 Othervise, this is consistent with all bounds.

Proebably more interesting and relevant to the rezl vorld are the

consecuencas for a fourth SU(5) generation. FHere we must numerically

P+

g, (vhere ®, B, B recfer to +2/3,

integrate the equations for 4., g, S
L 4
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Figure 1. The evolution of qt(u) for three initial values, It (M ).
Cnly the porticon to the right of the "threshold condition” is Dhyslcal.
The intermediate fixed point of eg. (9) is the dotted line,
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Figure 2. The results of the numarical integration of eg. (10) for a
5 x 5 integer array of (gm(“ Y, g (1 ) = gE(nX)). Points cluster about
the fizxed points and bonnﬂar\ curv:u.




-1/3 querks and thoe -1 lepion respoctively; we assume & light neutring

here) :

2 4 9 3 2 2 2 8 2 17 2
L. M = 2 =2 e + a Z o~ Gorl - 2 ) - =1 .
Jom dat in I 2 9% T3 % Bt £g3 z Y2 12 (g7
2 d & 2,3 2 2 2 _ 8 2 5 '
Wn g Ingg = F9 *560 *oy 893" =29, 13 (©
2 4a 5 2, ., 2 2 _5 2 15 2
LT | = =2 o 7 - Z o -
16 G N 9 5 Uy + 5’T + 39, 7 9y z (¢") . (10)

v

=3

he resulis of thic analyszis bhave been deteiled in ref. (4). For lack
of space we guote only the escential results.
(I) Trere is a nontrivial fired point for these eguations with all
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to withir 10% uncertainty at one locp. We've also azssumad no Cabibbko

niving to lighter cenerations (the results are quite inssnsitive to

bﬁ

. . . . o, ...
this; rotating say the B qguark naxinally (907) out of the weak current

Gpr Sip and Gpe Cnly points within this region ere

physical (have finite values cof Ypr Spr Gy OVEE the entire desert).

Morecver, the boundary of this region acts somewhat like a "generalized
ized point" sinca arbitrary, large initial points gT(HV), g.(m ) and

f
gF(Mv) are wapoed preferentially to the fixed point or the houndary, the

AN
fired voint lying on the boundary. Figure 2 illustrates the distribu-
tion of values of g%(zGO GeV) and q (200 GeV) vs. gT(ZOG GeV) resulting

from the numerical integration of eg. (10) for an initial 5 x 5 array of

i

points (gv\uiv), g, {Bi,))y and (¢, (t,) = gB(MX), ngPIJ) . Ve ses that the

X T X
points cluster near the fired point along tha boundary curve (the fixed

peint corresponds to the mass values of eg. (11)). Henc
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, in addition
to a relzaztionship between m_ and ., we also chtain a further relation-
ship bativeen &1l three masses n_, i and n., for a suilficiently heavy
fourth gereration! These results can be generalized to many succeeding
heavy generations.

(ITI) %hese heavy wmasses ave fully consistent with known beunds on

[ne 2

fernion masses, e.g. the p-parameter, unitarity” and the stability of
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the Iliggs potentiel,

Recently we have considered the effects vpon the standard evolu~
I

ticn of ¢yr So and 4y in SU{5) from large Gpr 2t tha twvo leoop level, and
- . . 2 o, . -
thus the effects ugon M, and cin” 0 W Thesoe are found to bz nminiscule
28 v

withs

I < 2.5% per heavy fermion - (12a)
X
As 1n 6
0o > — >  =.15% per heavy fernion (12b)

where ec. (l2z) is the charge in bi‘{ from the large HY coupling effects

&£

but does not includes the change from a new flavor threshold. Sur-

v
prisingly, the change in rfi}, coning from the additicn of a feourth
generation neglecting BY effects, but with s Y S 200 CGeV is found to
ba & factor of Vv 1.25, nmuch less than the 1.8 ¢gonoted ear}.ierlz but

consistent with recent estimateos of Marcianc.”” %he effects of a fourth
generation on mb/mT are not known at present.

Searches for heavy cuarks in the 200 to 240 GeV region and leptons
in the vicinity of 60 CeV nay make interesting grist for the TPevatron

and collider nills cof the future.
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