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| Outline .

¢ [ntroduction to SUSY GUTs

Gauge hierarchy problem
EWSE <= Heavy top quark
Charge gquantization

Gauge coupling unification
e SO(10) Yukawa unification

e * analysis and predictions

Yukawa unification is only consistent in a
narrow region of SUSY parameter space
with significant consequences for the
Higps and SUSY spectrum

¢ How robust are predictions?

¢ Conclusion
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| SUSY GUTs '

o Charge quantization

— Georgl & Glashow; Pati & Salam; Georgi; Fritzsch & Minkowski

SU5 {Q =

5010 10 + 5 + Vsperite T 16

5H, 5g C 10y




Gauge coupling unification *

— Dhimeopoulos, 5. R, & Wilezek; Dimapoulea £ Georgl

* Only evidence for SUSY
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s Significant GUT threshold corrections from Higgs and
GUT breaking sectors

Def: Mg +— m(Mg)=a(Mg)=ag

Good fit requires: €3 = E”ﬂiﬁ—ﬂe] ~ —4%
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| SO(10) Yukawa unification I

EUm .}Lb:.:’tt: -=EJ,T=:\

— Banks; Olechowski & Pokorski; Ananthonnaraynn, Lasarides & Shafi; Dimopoulos,

IIall & 5.H.
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A= mp/m, M = Ar—=c083 = tan f# = 50
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¢ Insignificant GUT threshold corrections from gauge and
\\Iﬂggs loop
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|W'e:1k scale threshold corrections oc tanf I

— Hall, Rattazzi, & Sarld; Carena, Olechowskl, Pokorakl & Wagner; Blazek, Pokorski

& 3.R.; Pierce, Bagger, Matchey & Zhang

dmg/my = .ﬂ.mg il ﬂ.mb + &mlug

Amj = 223 BT tanf o~ 2('“ Hon
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=
Am ~ S log(Pr) ~6 %
=
g J &
° rihm.f;f e~ —ﬂamf >0 for y=0 [ our conventions |

Can be ~ 50 %

e Good fits require dmy/my < —2%
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| Data favors s > 0 I

b —+ sy — chargino term typically dominates and has
opposite sign to the SM and charged Higgs contributions for
g > 0, thus reducing the branching ratio.
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NEW =10
= aVEW — 4&(16) % | O
—
— Muon -2 Collaboration and Brookhaven ER21 Collnboration 2000

NEW

Sign of a; correlated with sign of

— Chattopadhyny L& Moth

e Favors p = 0.
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| x* Analysis I

e 11 input parameters at Mg

‘J":- Xy Mﬂ': E3
mll}-.. Ao, tanS(Mz)
[ D term qphthmr]

( or &mH [wﬁgg%&:l—ﬁéaﬁm iffhg;ﬁ_

Mg, i, *'.Pfll.-"ﬂ — fixed

e 9 observables — XZ*F (gy)

Gy, a, ag(Mz) =0.118 (0.002)
pNEW? Mz, My
M, =174.3(5.1)
my(my ) = 4.20 (0.20), M.




/ | Bottom Line | . \

¢ Yukawa unification possible only in a narrow region of

SUSY parameter space
e Since for p > 0 need |&m§[ > AmE -~k Z

e [mplies

e Also

iy Ay m%

my << mg

e Good fits require

ﬂﬂ ~ —=1.9 mig

Mg ™~ 1.35 16
Mg > 1900 GeV

! Higas splitting with Ess
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Results — SUSY spectra for y* < 1

iy ~ (175 — 250) GeV
By ~ (500 — 650) Gev [ P—PSY ¢
71 ~ (250 — 500) GeV
a ~ (600 — 1200) GeV

GeV
~ (120 — 240) ] “éh L

X0 ~ (75 — 160) GeV

¢ % visible at Tevatron? Needs new analysis ||

News bench raeaede J:-H[
e What about £, 7y 77
Constrained by & — sv
¢ What about Higgs — Ag, hg, Hy, Hy 77

Constrained by B, — ptpu~
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T'wo additional experimental constraints

Gombing and Misiak g —; - ‘ﬁ. S~ \/._/J\/‘
V4

E..-'l tan
r = }"f (1.:-,,!.' ]qﬁ — ?Hgl /1
B, — utp

fnbu and Kolda; Chankowski and Slawianowskn; Bobeth et al.:

Dedes, Dreiner and Niorste; Isidori and Retico
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Higgs masses
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| - Conclusion .

® 5O(10) Yukawa unification makes definite predictions for
Higgs and Sparticle spectrum

s jﬁ ro 120 — 240 GeV Chargino visible at Tevatron ?
o ¥~ 75—160 GeV LSP

® fﬂ?-.s‘, Jarrn ~ 450 GeV  and My << my

o my ~ 114+ 5+ 3 GeV
e Soft SUSY breaking parameters E.ELtif-:fj'y"F
e Ay~ —=1.9mqg,
® My ~ 1.35 myg.
o mig > 1200 GeV
—gs A <18 %1070

68 nlso Bogoer, Peng, Polonaky, dad Ehang, Phys. Loff. BARE, 284 (20009

{Menwy 1ot & 2nd; Light 3rd gencration scalars : avoids large flnvor vislation 3
gnd 1. Baor nond J. Ferrandia, Phys. Rew, el BY, 211B0% (2001

¢ We should know soon!
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EWSB with large tang needs

2
II:'rl:I

.-I'ﬂ.-l';_}'l < M

e Dy term vd, Just So splitting

Dy splitting — SO(10) = SU(5) x U(1)x

=4 ms < -m..f Bad

Just So splittitig —

Mier,, 11y = o (LF Amiy)
m?ﬁ, fi, &) T mis

Mg, 1y = Mis

=t m? << m? Good

o

¢ Higgs specil

poterm — p Hy Hy
Doublet-Triplet splitting
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Yukawa term -
Av, P L H,, _}1__‘. r'-':' HE" ﬂt
.-j'l.r,.-r = .-?'luf. — r}'lb = 4]\1- = A

e 1. contribution distinguishes H,, and H;,

L SR | 2 2 2 MG
* Amiy, & qom (2mig +mio + AG) log( ) +

Taking typical GUT values:

A=,

Mp, = 10" GeV, Mg =3 x 10'6 GeV (= (Am2)
Af = 2mi, =~ dmi,

9 — 1 A2 E =

o Just So splitting of just the right size
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Diata points with Bib — sv) | without
and m o = 200 GeV

Input paramelers
ag 24,72 2:4.66
Mg » 10~ 3.00 3.07
€ ~0.040 ~0.040
I (.63 0.67
Tipg i SHHHI 2000
riegn gy .32 1.35
Ami, 0,13 0.13
Mip 30 350
It 2010 200
tan 3 525 ail.5
Apfmigg — 1.1 —1.87

[y observables Fxp (o) =
M 07188 (0.001) 01,18 9114
A !“.' BA10 Ii”.u-ﬂﬂ'} &.42 &0.45
G, = 107 1.166G4 (0.0012) 1.1 1.166
gk 137.04 (0.14) 137.0 137.0
er, (M z) 0,118 (0.002) 01172 01176
Do 2 107 ~0.200 {1.10) (0. 224 (0.-1B0)
My T [5,1) 1738 1740
gl g ) 420 (0.20) 4465 427
M. L7770 (0.0018) 1777 LTrT
Bl = s7) x 10° | 0.296 (0.035) 0,207 NA

TOTAL % 2.1 (1.4

e s 116
Ho 27 193
4° 200 110
H™ 229 148
il 130 130
o 100 140
% 178 k78
i 06 a13
b B (—30) 222
B TAD(—2) H8R
1 450 (--47) 420

AT T 25.6 (16) b 5.5




