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AMatter from 3 complete generations of E;

) automatic cancellation of gauge anomalies
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Exceptional New Physics
just beyond the Standard Model

E£ EsoﬁeteroticString Theory
Exceptional New Physics

Grand Unified Theory, e (exotic matter, e.g Leptoquarks)
SU(5), SO(10)¢

Desert

Exotic matter from
complete E; multiplets
survives to low energies!

v
Supersymmetrye.g—MSSM ESSM
—— Electroweak physics



All the SM matter fields are contained in one-[@@ét of K per generation.
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Gauge Coupling Unification

Excepionabupersymmetric

as(t) Standard Model
0.175T ‘ . ‘ . ‘ - A Higgs2 E;27plets) relics of
0 59 i/ £/ _
0.15 27 and 27 ’H arH )

( for 2step unification without relics see
R.How] S.F. King PLB 652, 331, JHEP 0801

AEvolution changed dramatically!

A 3, =0 atone loop!

A2-loop and threshold effects

important !
t = log[p?/M%]
/w) gauge theory Gauginos
‘ U(1) gau
Upy_2) 1,7 1 g

(matter particles in
Number of Number of  fundamental
fermions scalars  representation )



Discrete Symmetries

AProblem: proton decay I Solution:impose 2B or Z-symmety
Like Rparity but ) is odcf is even.
ZB) leptoquarks;, Z-) diquarks

AProblem: large Flavour (I Solution: Approximate 2
Changing Neutral Currents 34 gen Higgs (H, H,;and §) : even
all others : odd.
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Like Rparity but ) is odcf is even.
ZB) leptoquarks;, Z-) diquarks

AProblem: large Flavour (I Solution: Approximate 2
Changing Neutral Currents 34 gen Higgs (H, H,;and §) : even
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Dropping suppressed term etc. ..

Superpotential

WEessm = NSHqHo; + x;SD;D;

+he HuQt® + hy H Qb + hy HyL7°
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Renormalisation Group Equation&®GES)
ATo connect these high scale conditions with low energies we use RGESs for:
U Gauge and Yukawa couplings (2 loop).

U Soft breaking gaugino and trilinear masses (2 loop).
U Soft scalar masses (1 loop).



Light 2Scenario

® Scenario with a subeV 2’ (926GeV)
® Heavysfermions and lightgluino(general prediction)
® Light exotic quarks
g3 I3 q12
i & D3 _ tan = 10,
2000 l1,2 . Inert i s = 2.5TeV,
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B v ] mg — 138766\/,
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Exotic Signatures
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Scalar partners

Enhancement of

pp! tlb+ EMiss+ X

pp! tied+ EMIsS+ X
pp! b+ EMIsS + X

Scala> similar, but without missing energy fA‘f\

egd pp! tier+ X
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Exotic Phenomenology

ASubTeVZ' not (yet!) ruled out in cESSM.

Sfermionsheavy in such scenarios
Light Exotics DiquarkgLeptoquarkssinglinosandhiggsinos possible
Observation fronDrellyanproduction.

Exotic matter could make @etctablecontribution here

AExotic quark production comparable with

Could give striking signature

More phenomenological studies important
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Threshold Corrections
(In collaboration wittDbominikStockingeiand Alexander Voigt)

AVarying Fsei> 10-15% effect

AObstacle for precision calculation§™*

ASolution: include individual
sparticlethresholds iteratively.

Full theory
Particles: Heavy, masses M
H-M:,;Mj g,;JmZMJ

Couplings: g;;

Ty < M; v

Effective theory
Particles: Light only , masses;m
Couplings:ggmimj
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Energy Functions



1

g

2
z

g3(Q)

Effective coupling

/

1
9

couplings fermions scalars gauginos
1100 T T T I I I
1.090 no threshold corrections o |
. threshold corrections for gz~ =
1.080 0 thresholds for g1, g2, g3 * i
1.070 O |
O]
1.060 u " N N N N R EEEEEmg _
1.050 ° i
©)
1.040 o -
O
1.030 ° ) _
1.020 ' ' L o
5- 107 1-10% 2-10°

=Ci— ),
/

Vanishes for DiRar

Integrated out

_ 1 my 1 Mg
f 2472 In = D s e

Integrated out Integra{out

_ 2N
2472

In

mg
T

Matching scale T ssnm [GeV]



eV]

™
x

I«

+luino mass m P

X

(

O]

lr--\
=
O B

o o

I

s Qiiaq!!”uuu

*H

#Hl

() 9@
OF; |

@
no threshold corrections
threshold corrections for g;
threshold corrections for gi. g2. g3
| | | I | I |
5 - 107 1-10° 2107

Matching scale Tg ssnm [GeV]



2500

no threshold corrections [ |
threshold corrections for g, go. g3 N
2000 — - ==
=
= 1500
© [
= — —
G_;.
= 1000 —
o —
a —
500 l:l """""""
= — _
0 1 | 1 1 1 1 1 1 | 1 1 1 1 1 1 | 1 1

DY2D1*Dy* X x5 X) XB xg t te Gy Z' G HE hy by by B
AThreshold Corrections important for precision.
Individualsparticlethresholds included for gauge couplings.
Large reduction inhresholdscaledependence.

Residual dependence from Yukawa thresholds (coming soon)
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Mass [GeV]

Scenario (Light exotic fermions and scalars )

® Largex drives electroweak symmetry breaking

B With a universal exotic couplirng

® Breaks universality and exotic quarks can be light
[ T T | T l T I T |
: 53 E
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) exotic quarks are always heavup = L\/I\%ﬁg)s

mp, = 114 GeV (approx. two loop)

tan g3

S

My 2

mQ

A

A(Mx)
A12(Mx)
k1,2(Mx)
k3(Mx)

at the GUT scale

10,

2.7 TeV,
358 GeV,
623 GeV,
757 GeV
—0.40,
0.1

0.08,
0.43



Caution:itis possible all the exotics are heavy and challenging to detect, e.qg.

Scenario B (Pessimistic)



