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Experimental evidence for supersymmetry: the running of coupling constants for
the Standard Model and its minimal supersymmetric extension
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These figures are taken from U. Amaldi, W. de Boer, and H. Furstenau, Phys. Lett. B260 (1991)
447-455. For the MSSM, the slope of the running of the coupling constant has a discontinuity at Mgy;qy-

Here, Mgy Was adjusted such that all three coupling constants will actually meet at some Mg yp-
Because we had one free paramtameter to adjust, the fact that coupling constant converged at a single
point alone is not especially remarkable. What makes MSSM special is the fact that it predicts the proton
decay life time of the order 1033-2+/-1.2 yr which does not contradict the experimental limits of t > 1032
yr.
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MSSM HIGGS DOUBLETS HAVE

COLOR TRIPLET PARTNERS IN GUTs
H (12%) ® H. (31 %) = 5 0F SUS)
H (134 @ H.(GLh = §

o H H MUST REMAIN LIGHT ~ My
H. H. MUST HAVE GUT SCALE MASS

T0 PREVENT RAPID PROTON DECAY
|

DOUBLET TRIPLET SPLITTING

EVEN |F COLOR TRIPLETS HWAVE GUT SCALI
MASS  d=5 PROTON DECAY PROBLENAT
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NUCLEON DECAY [N SUSN GUTs
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SNYMMETRY BREAKING
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1) UNNATURAL FINE TUNING
(2) LARGE P-DECAY RATE




ARE THERE SUSY GUTs SATISFYING:

() NO FINE TUNING
(2) COMPLETE SUPPRESSION OF o= 4
PRGTON DECAY

(3) UNIFICATION OF GAUGE COUPLINGS
AS A PREDICTION (9 NO L\GHT EXOTICS)

@) ECONOMY OF LARGE HIGGS REP.
(NO MORE THAN A SINGLE ADToIN7)

ANSWER 1S YES IN S0 ()
(NO N SUS))
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d=5 PRGTON DECAY REAPPEARS
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PREDICTIONS
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REALISTIC S0(ie) MODEL

(Paki, Wilezek, k-8)
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50010) MODELS WITH &45,7 = 1.,
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REALISTIC 50(16) WITH NO d=5 P- DECAY

- 4+ DARR-RABY
W= L6y (agt1,)18,+ 16, (#5,+ 1) 16, +
[éh’, 45, 16+ I8 16, + 16,16, 10, +
16, 6, 1oy+ [ 16, 15”_7,0[45,1, 19,7,
= =
(;M’n 5;6;,, 5[&" 5}“”)
[0 @say o Gy [ 5
H W i,
M‘n* ‘:47 @ 5!")3 0 o 5’2;‘
o 0 m (45;1'4”2 5}2:

Del = m g 6H74 TZH7 445_!—!73
=% ALL Colof TRIPLETS MAISVE
ONE Fma OF DoVvBLETS ZIGHT

.‘f /OH
é

+ /oy
!5” AND  J¢) CoUPLE To FERMIN = Ne .t



2% EXAMPLE

— / —
\,\ID__r: [6,, (45,¢ 1)) 16, + 6}, (45;;* 1;,)14},+

1,0 / AL " i
6}, 45 16+ 18, 16, + 14,16, 10,

616,10, 16,16, 45, 10,

[5}6#! 5’6';4 5%; ‘6‘}0,_')

O &y o Ly Ty
Uspeyy © 45, O °12,!

o o m U 5[‘;}_‘{’

510"1

Det = e,y Ly 7 Esycly > {4500,

= ALL TRIPLETS REAVY |
LIGHT Doup2£Ts:  Ha= l6y¢ Ioy
Hy= fél'Llf ¢yt 1o,
l6,® K, COUPLE 7o FERMIoNS >
NGO =5 PRsToN DECAY



PREDICTIVE QUARK AND [EPTON MASSES

KS-B,S-BARR Physlolt BS2S

239 (200
[0 o & 6= s ipt ]
L= o & -¢'|m, D=|0 & e’ M
§pe 1 S - 1
" Lopsioep <7
0 o o] 0 o o]
N= o o ¢ m, Uzl 6 o e m,
@ ¢ | 0 S '_J

Wy, = [é51¢5 10,+ 16,16, 10,45, +
162 165 16,16, + 16,16,16,,1¢,, +
16, 16, 16y 14,

10 PARAMETERS VS 20 oBSERVABLELS

= PRED|)CTIONS



FIT

|~ Pepl 7 €, >> 8 S

Wbﬁ“- ms = }lf-crz My —~ = =~ BURAS et al
My ~ |oe+8%p/s |

™y
= lto® GEORGI- TARLSKaG
- / o 7
?Tﬁ = |owe'+ 3P/ | i
|+ o2 7

=

MMy, =~ MMMz~

Me ~ /
'—q—i > €€ %t’_‘: o
. & s g

|Vie | £ | €Qest)- 3% ) f’]c.": 2¢p Im(8)

* 4 _C;"z(lf-d"") | VQIL

l+o-
NoTE M, # Ms
tan By, & O = lgepre o s _Y_tf_f}
My 1 Yud
EanG@ ~ (0.-4-5.¢)
|Ue; | = g.06

REASONABLY RGoD FIT.



SUMMARY

o REALISTIC S0(16) SUSY GUTs CAN BE
BUILT \NITHOUT =5 PROTON DECAY

o SINGLE ADTOINT HIGGS SUFFICIENT
45> « I

3R

e PREDICTIVE FERMION MASSES
EASN To INCORPORATE

e A-ol SUSN GUTs ALIVE AND WELL

» HIGHLY DESIRABLE TO PROBE p—e'n®
T0 THE LEVEL T~ [6%¢ yo



