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Outline

e Understanding electroweak scale

e Models of Supersymmetry in a nut-shell

e Physics of soft masses:
= mediation mechanisms
= renormalization

- Dynamical supersymmetry breaking

e D-type susy breaking

- the p-problem



IMnc{e’zstanc[ing Electroweak Seale

/ ~ How do you generate this scale?
2

v

Even after you generate this

how do you make it radiatively stable?



IMnc{e’zstanc[ing Electroweak Seale

mass scale we need to control

\ :
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Vow ~ —o = fn(g ,yt,...,mi,Ma,...)

g

— superpartner masses

In electroweak scale supersymmetry, you control
electroweak scale by controlling superpartner masses



IMnc{e’zstanc[ing Electroweak Seale

Control superpartner masses

SUSY rotates chirality into scalar sector — gives full control of
radiative corrections on superpartner masses

How do we generate small (electroweak scale) superpartner masses?



IMnc{e’zstanc[ing Electroweak Seale

parameter of mass dimension 2

/ parametrizes susy breaking scale

/

mediation scale

M = Mp

F ~ 101971 GeVv

For Planck mediation:



IMnc{e’zstanc[ing Electroweak Seale

parameter of mass dimension 2

2 / parametrizes susy breaking scale
~ 2

SN Ve

T

mediation scale

Smallness of electroweak scale or smallness of superpartner masses
raises the question

how do you generate

VEF <« M if M ~ Mp

VE,M < Mp, if M < Mp



IMnc{e’zstanc[ing Electroweak Seale

Smallness of electroweak scale or smallness of superpartner masses
raises the question

how do you generate

VF

— K 1
Mp;

We know how nature does it with QCD

e ¢ K 1



IMnc{e’zstanc[ing Electroweak Seale

gcd gauge coupling

_— becomes strong
take qgca

<

/ energy scale
~ few GeVs

~~

chiral symmetry
IS broken



IMnc{e’zstanc[ing Electroweak Seale

hidden sector gauge coupling

just like | " becomes strong
gcd

<€ >
— TeV Planck scale ——
energy scale

intermediate
scale —

~>

supersymmetry
IS broken
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SUSY model in a nut-shell

Skeleton of a complete SUSY model

—

Dynamical SUSY breaking
in a hidden sector

messenger mechanism
gravity, gauge, gaugino, anomaly etc etc



SUSY model in a nut-shell

Skeleton of a complete SUSY model

—

Dynamical SUSY breaking
in a hidden sector

messenger mechanism
gravity, gauge, gaugino, anomaly etc etc

L

flavor tachyonic
problem problem sleptons



SUSY model in a nut-shell

Skeleton of a complete SUSY model

—

Dynamical SUSY breaking
in a hidden sector

messenger mechanism
gravity, gauge, gaugino, anomaly etc etc

Exploring various susy models and their nuances is a semester long
course — can’t do justice in 45 minutes



p/zysics Q[ saﬁ masses

messengers
of mass

X Wewe



p/zysics q/[ soﬁ masses
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p/Lysics Of saﬁ masses




p/Lysics Of saﬁ masses




examp/e: gauge mea/iation

messenger
I
gauge mediation

v
mass
couple to M charged under
X the MSSM

gauge group

X Was/\<



examp/e: gauge mediation
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K ena’zma[izati(m

for example: take superpartner mass running in

5O(10)
State of the art MSSM running
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K ena’zma[izati(m

for example: take superpartner mass running in
$0(10)

State of the art MSSM running
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zillions of papers have used/still use this renormalization — all wrong!



S)ca/es n ’zeno’zma/ization

Xis a
dynamic field

Xis a
background field

1 TeV Mint

renormalization
IS due to

hidden + MSSM
Interactions

renormalization
IS due to
MSSM

Interactions



K ggs Q[ SUSsvY A’zeaking masses

RGE of the operator



K ggs Q[ SUSsvY A’zeaking masses

RGE of the operator



K ggs q[ SUSsvY A’zeaking masses

RGE of the operator
/ A
X Q0 ¢

Q Q' 9



K ggs Q[ SUSsvY b’zeaking masses

Cohen, Roy, Schmaltz

A general hidden sector

Vi X
. 4 v 1 2 T

Diagrams:

RGEs —k; =k —




K ggs Q[ SUSsvY b’zeaking masses

with MSSM interactions only

imQ_ 1 i 2 172
dt @ 1672 da Ja Ma

a=1

v unknowns



K ggs Q[ SUSsvY b’zeaking masses

with MSSM + hidden interactions

unknowns



K ggs q[ SUSsvY A’zeaking masses
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JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

2 2 2 2 2

holds for
unification, MSUGRA,
gauge mediation, gaugino mediation



JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

3 (mgy —mp) +mp =0

holds for
gauge mediation, gaugino mediation



JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ 9 ~92  ~9 ~ 9 ~9  ~9
2mQ3 — My, —Mp, = 2mQ1 — My, —Mp,



JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ 2 ~ 2 ~ 2
2my., —mp, 2mL1 — My,



JL/ia/o[en seclor ino[epeno[ent p’zea/ictians

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ 2 ~ 2 ~ 2 ~ 2
2my., —mp, = 2

right handed neutrinos
with large Yukawa coupling




JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ ) 2 ~ )
2m@3 — My, = 2mQ1 — My,

~ 2 ~ 2
mE3 mEl



JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ ) ~ ) ~ )
QmQB — My, 2mQ1 — My,

mES/{mEl

large tan [3



JL/ia/O[en seclor ina/epena/ent p’zea/icti()ns

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ 9 ~ 9 2 _ g2 ~2 5~ 2
ISMp, +my, —2myz =3Imp, +mpy, —2m7p,

~ 9 ~ ~ 2 ~ 2 _ 9~ 2 ~ ~ 2 ~ 2
Imy, —3mp, +2m7. — 2my, + 2my = 3Imy, —3mp, +2m —2my, + 2miy



JL/ic[o[en seclor ino[epeno{ent p’zec[ictians

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

~ 9 ~ 2 ~ 2 ~ 2 2 ~ 2 ~ 2 ~ 2 ~ 9 2
3my, —3mp, +2m7, —2my, + 2mfy1/3mU1 —3mp, +2m7, —2mg, +2my

i term is not fundamentalj




JL/ic[o[en seclor ino[epeno{ent p’zec[ictians

all flavor universal models
e.g. MSUGRA, gauge/gaugino mediation

U term is not funda




gxamp/e Q/[ DSH

A
W = ASYQ,Q;
oW
505 AQiQ);
A2 PRQQ) = A

Take the limit of large field value (AS)

Weg = 2A5\S



5xamp/e Q/[ DSH

We can provide many more examples of DSB

all share the same feature

there is no elementary singlet field in the UV

gaugino masses are naturally suppressed wrt scalar masses



gxamp/e Q/[ DSH

SU(4) X U(1)

X1 | -3
X2 ] -1 (Dine, Nelson, Nir, Shirman, '95)
X3 — 2
X4 1 4
g4 >> )\ >> gl W = )\X1X2X4

Ay
susy breaking vev at
Aj

T X Xo X2 Dy =14Fx, #0




S uperpaitner masses ﬁ()m D-texm

X W'
Weff D Wq 77 WaWa + \/§ Qa Waq)a
Mpl MPI
Q Dirac
—  mass
majorana

Mass



S uperpaitner masses ﬁ()m D-texm

M
Q Dirac

Mass

These interactions preserve an R[Qi: — 1
U(1)r / R[Wa_ = 1

R[(I)a: =0




Dirac gauqino Masses

gaugino
contribution to 4n — /|2 T
scalar masses /d 0 ‘W 4 ‘ Q
/\ gaugino
—— mMass
M 4 "

U extra
suppression

no counterterm is needed and hence Dirac
gauginos induce finite contributions to the scalars



A samp[e pount

RGE evolution

varles with g, varies c\IiVI’th

X'XQ'Q

varies with
Yukawa



A samp[e pount

TeV scale outputs

M,(Mp)) = 1 TeV




A samp[e pount

TeV scale outputs

MG(MPI) — 1 Tev MQ(F?GV) ~ 1 TeV

mg(TeV) ~ (1.3 TeV)? x flavor diagonal



A c[eep p’mb[em in the quggs sector

Hu = H’u,(hua wHuv FHu)

Hd — Hd(hda wﬂda FHd)




A c[eep p’zoé[em in the Jv/iggs sector

Natural electroweak
symmetry breaking
requires

po~ M,
Il problem

Bu ~~ |/L‘2



A c{ee/o p’zob[em in the Jv/iggs sector

X
W — WWE
M k —XT H, H
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7 X

et

Wag —— A\ Giudice-Masiero mechanism

9
M, |
w A neat solution



A a/eep p’zoé[em in the Jv/iggs sector

Nelson-Roy
We need a slightly more complicated operator

for D-term susy breaking

)2 aY/!
Operator: /d291w2,¢1,¢2D (D]\‘J/ Da®1)

D,.
1 2

Hey 7 T Hos T 7
22 (P19 — 2Fy, 002) — 52 P12 + ‘N¢2’2‘¢2’23

where



Let’s not conclude — since another SUSY talk is approaching



