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Abstract: Extension of the minimal supersymmetric standard model (MSSM) that include a U(1)\' gauge symmetry are motivated by top-down
constructions and offer an elegant solution to the MSSM mu problem. In this talk | will describe some of the opportunities that such models offer,

such as a new mechanism for mediation of supersymmetry breaking, as well as some of the challenges in constructing viable supersymmetric U(1)\'
models.
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NMotivation

e High(er) energy models (e.g. superstring constructions) often involves

extra U(1)’
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Notivation

e High(er) energy models (e.g. superstring constructions) often involves

extra U(1)Y

e Mediation mechanism of SUSY breaking determines the low energy

phenomenology
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Reminder

e MSSM superpotential

W = Yu HUQ'U‘: ¥ HdeQ’-{c T Ye Htf'['fj: Ed JU'H“ Hg

e Soft susyv breaking Lagrangian (schematically)

- 1 3 1
Lot = ——m oo (scalar masses)
s 5 _
.
= X\ (eaugino masses
1
—— Ao;0; 0 (A terms )
6
1 I
——bo; o
I
1 h.e
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NMotivation

e High(er) energy models (e.g. superstring constructions) often involves

extra U(1)’

e Mediation mechanism of SUSY breaking determines the low energy

phenomenology

e MSSM u problem
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Reminder

e MSSM superpotential

W =y H,Qu® +ysHQd" +ycHyLe® + uH, Hy

e Soft susy breaking Lagrangian (schematically)

Loore = % m=¢ o' (scalar masses)

= — — |
= MAA (gaugino masses)
1,

=5 Ao;o; 0 (A terms )
% boi &;

+ h.c

e Why should SUSY-conserving i be related to SUSY-breaking m? and b ?
Large tan 3 limit: ﬂf% = —2{???";;“ + |58 %) 4 .
Page 716
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NMotivation

e High(er) energy models (e.g. superstring constructions) often involves
extra U(1)’

e Mediation mechanism of SUSY breaking determines the low energy

phenomenology

e MSSM g problem

e ['(1)’ models offer a solution
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Reminder

e MSSM superpotential

W = y-uHuQur: —+ dede'C + Ye HffLEC i & '}‘SHHHWI

e Soft susy breaking Lagrangian (schematically)

bt = 5 m-d o' (scalar masses)

T .

e MAA (gaugino masses)
1 .

—— Ao;0; & (A terms )
6 J
. ;

+ h.c

® ji.s = A S) can be related to SUSY-breaking m< and b
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NMotivation

e High(er) energy models (e.g. superstring constructions) often involves

extra U(1)’

e Mediation mechanism of SUSY breaking determines the low energy

phenomenology

e MSSM g problem

e /(1) models offer a solution
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Outline

e 7’ mediation - A new mediation mechanism of SUSY breaking

— General features

— Specific implementation

=y

PRL 100 041802 (2008) [arXiv:0710.1
PRD 77 085033 (2008) [arXiv:0801.3693]

e General issues with SUSY U(1)" models
— Accidental symmetries

— Vacuum structure

'aul Langacker. GP. Lian-Tao Wane. |
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/. Mediation of SUSY Breaking

Paul Langacker. GP. Lian-Tao Wang. Itay Yavin
PRL 100 041802 (2008) [arXiv:0710.1632]
PRD 77 035033 (2008) [arXiv:0801.3693]
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Sectors

e No direct renormalizable interaction between visible and hidden sector

fields

e Both are charged under U(1)’

Visible Sector Hidden Secior
AT : s :
. . Z
; MSSM +35 5
|  hoAA A i DsB |
\ + Exoties | - "
. e 2 A
- - - o |
e At Ag the Z'-ino becomes massive. For X = M + 6<F
9
g, F
M;, ~ —=

z! l".‘-rﬁﬁ

e How are MSSM fields affected?
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Reminder

e MSSM superpotential

W = Yu HUQ'H{: =1 HdeQdc T Ye HJLEJ: £ JH'H“ Hd

e Soft susy breaking Lagrangian (schematically)

; 1 . .
L ooft =, =3 ﬂ’?lf;ﬂ"fﬂ' (scalar masses)
1 = = , :
i M A A (gaugino masses)
1 |
g Aojo;0; (A terms )
1
+ h.c.
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N asses

e Gaugino \; decouple when g; — 0

— To “feel” SUSY breaking all masses must be x g2,

® Scalar masses

o SU(3) x SU(2)r. x U(l)y gauginos masses must be also xg§

M, = g2.¢5
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NMasses

e Scalars get a mass at one loop

N
) | |} :
oy g-‘:} Q} 3] ..1\:
- ~ —NM=, log -
e 1672 2" ( M 7, )

e SU(3)c x SU(2)r < U(l)y gauginos get a mass at two loops

e Ratio of masses
m

fl _-"'LI:L;, :,.-" _'Hré,
M, 4 / (4m)d
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NMasses

e Ratio of masses
m 7, N M Z / M Z
M, 4 / (4m)2

— (47)3 ~ 1000

e LEP direct searches imply EW-ino mass > 100 GeV
= heavy scalars ~ 100 TeV = M5, ~ 1000 TeV
e Mini version of split-susy (Arkani-Hamed & Dimopoulos 2004)
split susy scalar mass 10° GeV
e Like split-susy no flavor or CPV problems due to heavy scalars
e Like split-susy need one fine-tuning to set EW breaking scale

e Unlike split-susy pu parameter scale set by U(1)’ breaking
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Elements of Z' mediation

e To break the U(1) symmetry introduce SM singlet field (charged under
U(1)’)

e uH,Hi — MNSH, H; = Large u term

e Include exotic matter > . Y; S X; X¥

— Cancel anomalies associated with U(1)’

— Drive S negative
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Driving S negative

e Scalar mass RGE has contributions from various diagrams

7
¥
dm=<
- = -, _ iy é Fi
— - "S- 862 QM
s =S
f
J’JF-‘\‘
i S 9
., i dmz >
¥ = - = 4X“(mg +my +mg,)
_ \ ) dt 4
.lr‘ _______ ‘ ______ f
r2 2 2
+ Y% (m5 +m%x. +m%xe)
e At ¢t =0 gauge term drives mg positive
As t becomes more negative m; grow and at some point mg goes negative
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Ratio of masses

5 M | M

\
= (4m)” ~ 1000
M, 4 / (4m)* {

LEP direct searches imply EW-ino mass > 100 GeV

= heavy scalars ~ 100 TeV = M5, ~ 1000 TeV

Mini version of split-susy (Arkani-Hamed & Dimopoulos 2004)
split susy scalar mass 10° GeV

Like split-susy no flavor or CPV problems due to heavv scalars

Like split-susyv need one fine-tuning to set EW breaking scale

Unlike split-susv p parameter scale set by U(1)’ breaking
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Elements of Z' mediation

e To break the U(1) symmetry introduce SM singlet field (charged under
U(1)’)
e nH, H;i — ASH, Hi = Large p term
e Include exotic matter >_, ¥; S X; X¢
— Cancel anomalies associated with U(1)’

— Drive S negative
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Driving S negative

e Scalar mass RGE has contributions from various diagrams

7
- - dm?2 A i
'f_ A i l|l — = e —89?;@2"_‘1_{%,
dt TEeTz
F

- Tm?

L] L TT?_':- P, Ly i ¥

\ ! = = = —l.)\“[m':-;—kﬂ't‘H _?Tl}?;fj}

. v 7 " - dt

e At t =0 gauge term drives ms positive

As t becomes more negative m,; grow and at some point mg goes negative
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Driving S negative

e A term is also generated

dA B esibls bl s
= 4AM ;. g2, (Q7+Q7+Q3)

C

e A term contribution to mg RGE can be neglected

g
dmg o, 4
x A° oc gy

dt

e For UU(1) there is also

dm?=. \ .
i dfd o EQE;Q::'TI'{QJ -m.}jf}

Page 23/60
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Higes mass matrix

e Scalar S potential

Vis) = m3S?  + 342Q%|SH
[ )
Rad. Gen. D term
e VEV of §
. m g
(D) =

e Higgs mass matrix
1) “M” terms: m%u. m"'}_fd from RCGEs
2) F terms: A2S2 2 - 2\2(85\2

3) D terms: =g¢2,(Q2H2+Q1H?+QsS5%)? ~ 2 (85)2Qs0;

|
Q

4) A terms: ASH,H; = A(S)H,H,
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Higgs mass matrix

e Higgs mass matrix

r?l.% — Ay (S
Mz =
—Ag(S) m‘l?“
m3 = m;;ifu =t QE;QEQQ (§Y2 4+ A2(5)?2
mi = m'-:;_fd +¢%,QsQ1(S)? + A2(S)?

e To generate Apw must fine-tune linear combination of H; to be much

lighter than natural scale

e Typically find solutions by tuning |m% < m% ~ g2, M2 /16x2

x zr!
e tan3 ~ mi/Ag(S) ~ 10 — 100
e Get single SM-like Higgs scalar. with mass ~140 GeV.
e Remaining Higgs particles are at ~ 100 TeV
Pirsa: 08120027 Page 25/60
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“Bevond MSSM™ Masses

“Beyond MSSM” particles:

e Exotic superfield

W3 Y 5X; X¢

Exotic superfield mass: ¥;(5)

e 7' superfield
— Z' gaugino: M,

— Z' gauge boson ?

e S supertfield
— scalar (8§) /

— fermion - Singlino - S

v

)

Pirsa: 08120027
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Non-scalar masses

e As a result of S getting a VEV. Z’ gauge boson gets a mass from U(1)

Higgs mechanism

Mz = V2g,/|Qs|(S]
e The singlino S receives a mass via mixing with z
L=—V2g.,(5QsS)Z
Singlino Z'-ino mass matrix

0 —v2g..Qs(S’

Mgz = _ L
—2g.Qs(S) M-,

Eigenvalues given by usual seesaw formula

9
(1) _-"1'-{“_?.! Liiﬁ
57 __.1}'27! i

|

e~

=y
[
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(General features - Summary

e High energy spectrum g.» ~ A ~ (0.1 — 1):
Z’-ino mass M3, ~ 1000 TeV

Typical scalar mass m ; ~ 100 TeV

(S) ~ M5, /47w ~ 100 TeV

p=A(S) ~ 10 — 100 TeV

Exotic superfield mass Y;(S) ~ 10 — 100 TeV
My = \/2g.,Qs(S) ~ 10 — 100 TeV

Mo — Mz

Mz ~1—10 TeV

Z

e Low energy spectrum

SM + Higgs + SU(3)c = SU(2)r = U(1l)y gauginos

Pirsa: 08120027
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(General features - Summary

e Interesting case for g.r << A

9 2
5 9 Mz, 2
Mg, |7 ~ 16—] tuned against A°(S)”
. ol

£y Jvf r
_ Sy~ %

}i. —]:Jl

2 N2 1 q\2 2

V- g:’Q.S"‘b . 9‘2! 9. A -
s J.-fé; 16wz £

— Very light singlino Mg ~ (102 —10—°) M3,

— Z’ gauge-boson. M7+ ~ g.-Qs(S). in this case can be light enocugh to
be produced @ LHC
e Low energy spectrum
SM + Higgs + SU(3)c < SU(2)rL < U(1l)y gauginos +

L

+ Singlino and even Z'
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Specific Models

e The free parameters are: g,s, A. Y;. U(1)’ charges, M3, and SUSY

breaking scale Ag

e Minimal choice (leads to a light wino. Ms < M; 3):
— 3 families of colored exotics (D)

— 2 families of uncolored SU(2); singlet families (E)
both have U(1)y charge
e Superpotential

W =ASH.H;+yp SD D" +yg SE E® +quark + lepton

e Taking Q1 = 1. Q92 and Q¢ are free parameters
(other charges are determined by anomalies)

e Other constraints
— U(1)" spontaneously broken by radiative corrections
— Allow appropriate fine tuning to break EW symmetry

— Check for color or charge breaking minima

Pirsa: 08120027 Page 30/60
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RGE running

e Very different scales
Ideal approach: integrate out different fields at each scale
Highly non trivial task
e.g integrate out heaviest particle Z’
— different RGEs for Yukawas and quartic couplings ( “SUSY breaking”)
e Simplified treatment: integrate out heavy scalars and Z' at the same scale
disadvantage: multiple RGE threshold corrections

Two regions M5, < u < As and u < M3,

Pirsa: 08120027 Page 31/60
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RGE running

e M5, <p < Ags: use usual soft SUSY RGEs
one loop RGEs for: gauge and Yukawas. M5, and m F.0 and A terms
two loop RGEs for gaugino masses
e u < Ms,: SM + Higgs + gauginos
one loop RGEs: SM Higgs and quartic. Yukawas. gauge and gaugino mass
+ Threshold corrections e.g.

3Y.2 .
t TTI2

1672  fi

mir(,u. < m ] = -mén[ﬁi%l' ==
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Five Benchmark Models

All mass units are GeV

M 5, fixed at 1000 TeV

1 2 3 4 5
%@ | -+ | -4 =+ | 2 | 3
Q | -3 -3 -4 2 —2
g.s 0.45 0.23 0.23 0.06 0.04

0.5 0.8 0.8 0.3 0.3
Yo 0.6 0.7 0.8 0.4 0.6
Ye 0.6 0.6 0.6 0.1 0.1
(S) 2 x 10° 7 % 10* 6 x 10* 2 x 10° | 8 x 10*

tan 3 20 29 33 45 60
M, 2700 735 650 760 270
M> 710 195 180 340 123
M4 4300 1200 1100 540 200
m g 140 140 140 140 140
mg, | 1x10° 5% 10° 4 x 10* g8 x10* | 4 x10*
m;_ | 3x10° 10° 10° 2 x 10* 10°

-, 390 3600 310 3 0.1
m g 4300 230 160 31 £l
Mgr | TXI0 | 1ERAG" | 1.3 x 107 5600 2100

Supersymmetric [T{1)

!

Models - 3il Paz
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Scalar Potentials
and
Accidental Symmetries
11
Supersvimmetric U(1)" Models

Paul Langacker. GP. Itay Yavin
arXiv:0811.1196 [to appear in PLB]
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Five Benchmark Models

All mass units are GeV

M5, fixed at 1000 TeV

1 2 3 4 5
e | % | = | = | =
Qe | -3 -1 -5 2 —2
g.s 0.45 0.23 0.23 0.06 0.04

0.5 0.8 0.8 0.3 0.3
Yo 0.6 7 0.8 0.4 0.6
Y= 0.6 0.6 0.6 0.1 0.1
(8) 2 % 10° 7 % 10" 6 x 10* 2 x10° | 8 x 10*

tan 3 20 29 33 45 60
M; 2700 735 650 760 270
Mo 710 195 180 340 123
M4 4300 1200 1100 540 200
m g 140 140 140 140 140

mg, | 1x10° 5 % 10 1 x 10* 8 x 10* | 4 x10*

m;. | 3% 10° 10° 10° 2 x 10* 107

M o 390 3600 310 3 0.1
ma 4300 230 160 31 4
Wy | TX10® | 15x10% | 1.3 5107 5600 2100
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Scalar Potentials
and
Accidental Symmetries
111
Supersyvmimetric U(1)" Models

Paul Langacker. GP. Itay Yavin
arXiv:0811.1196 [to appear in PLB]
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Gauge Unification?

e U(1) symmetrv = new anomaly cancellation condition
U
Introduce new “exotic” matter
— X; charged under SM and U(1)’
— SM singlet(s) 5; give massto X;: SX;Xfe&W
e Problem: Typically exotics spoil MSSM unification

e Solutions:
— Give up unification
— Embed Gsy < U(1) inside a larger group such as Es
— need extra “Higsses’ that reintroduce u problem

[Langacker and J. Wang "9§]

— Add complete SU(5) multiplets of exotic matter

Pirsa: 08120027 Page 37/60
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SN Singlets

e Adding complete SU(5) multiplets of exotic matter
I

Must introduce more than one singlet field

(]
8
]
3l
|

rler W, Morrssev and VWelsh {)

e Singlet fields should:

1. Break U(1) symmetry

b

Generate effective u term for H,, and H,

3. Give mass to exotic matter

Pirsa: 08120027
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Generic Problems with Multiple Singlets

e /(1) + gauge unification = Multiple singlet fields

e Problem 1: Accidental global svmmetries:

Once broken lead to axion-like bosons

e Problem 2: Generating required vacuum structure:

Exotics might remain massless

Pirsa: 08120027 Page 39/60
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Accidental Global Symmetries

e Consider only D-terms and soft masses in scalar potential

’ 2
) TR _
I{.91.....5_.«;}:me_‘!bflg—i— - (Z Qi ibi|l) ;

e N scalar fields = N phases

one linear combination “eaten” by Z’ gauge boson

— N — 1 “accidental” global symmetries

If all spontaneously broken. get N — 1 massless Nambu-Goldstone bosons
e (Global svmmetries anomalous under Gayg

— one linear combination is an axion with mass léCD/ r 3

Other bosons are massless excluded!
e Even axion problematic: For f ~ 100 TeV. mass ~ 100 eV

Experimental constraint: Axion mass should be < 10 meV

Pirsa: 08120027 Page 40/60
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Breaking the Accidental Global Symmetries

e Only wayv out. explicitly break the N — 1 global symmetries
Need N — 1 linearly independent terms in the superpotential
e Ideally use only cubic terms: S5;5;5;.525; e W

unlike bilinear terms pS;S; € W do not require mass scale p

e (Can we use only cubic terms?

Pirsa: 08120027 Page 41/60
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Interlude:
Linear Equations over Finite Algebraic Field

e Given k singlets with U(1)’ charges Q1...Q}
find [ singlet fields with charges Qp1..Qr; N =k +1
such that @Q1...Qp_; are the solution on & + [ — 1 linear equations
5:SiSm = Q; +Q; +Qm =0 or §25; = 2Q; +Q; =0

e In matrix form:

(1 T 1 08 « 8N/ @\ (0}
2 1 0 0 .. O Q2 0

\o o o o o o/ \@Qx/ \o)
e Consider equations over F3. Algebraic field with 3 elements: {0.1.2}
or Q; — Q; mod 3

Page 42/60
29
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Interlude:
Linear Equations over Finite Algebraic Field

e Consider equations over F3. Algebraic field with 3 elements: {0.1.2}

(1 1 1 8 = 06N gn )\ [8)
2 1 0 0 .. 0 Q2 0

\600000)\Q.ﬁf_) \1:‘:)

e Assuming N — 1 linearly independent equations in R

also linearly independent in F3. can immediately find the solution

Pirsa: 08120027 Page 43/60
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Interlude:
Linear Equations over Finite Algebraic Field

e (Consider equations over F3. Algebraic field with 3 elements: {0.1. 2}

(1 1 1 0 .. 0Y) /[ Q1 ) (D\
2 1 0 0 ... O Q> 0

\o 0 0 o 0o o0/ \ax/ \o)
e Assuming N — 1 linearly independent equations in &

also linearly independent in F3. can immediately find the solution

(1 1 L @& . @Nf LY i O&Y

= L B 8 == @8 1 0

Kﬁﬂﬂt}ﬂﬂ_)\i) \D)

Pirsa: 08120027
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Interlude:
Linear Equations over Finite Algebraic Field

e If assumption was correct all U(1)’ charges
either all 1 mod 3 or all 2 mod 3
e In general assumption is not correct
still, if initial set of charges = same equivalence class

(0 mod 3. 1 mod 3. 2 mod 3)

— easier to find enough cubic terms in superpotential
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Interlude:
Linear Equations over Finite Algebraic Field

e Consider equations over F3. Algebraic field with 3 elements: {0.1.2}

(1110...0'\(@1\ [ 0
2 1 0 0 .. 0 Q3 0

Kﬁooeﬂo_)\_Q._y} \_é)

e Assuming N — 1 linearly independent equations in &
also linearly independent in F3. can immediatelv find the solution

(1 1 10 ... 8\ {1 (o0

2 E B '8 ca @ 1 0

altat \aJ

Pirsa: 08120027 Page 46/60
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Interlude:
Linear Equations over Finite Algebraic Field

e If assumption was correct all U(1)’ charges
either all 1 mod 3 or all 2 mod 3

e In general assumption is not correct
still, if initial set of charges = same equivalence class
(0 mod 3. 1 mod 3. 2 mod 3)

— easier to find enough cubic terms in superpotential

Page 47/60
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Interlude:
Linear Equations over Finite Algebraic Field

e If assumption was correct all U/(1)’ charges
either all 1 mod 3 or all 2 mod 3
e In general assumption is not correct
still, if initial set of charges = same equivalence class
(0 mod 3. 1 mod 3. 2 mod 3)
— easier to find enough cubic terms in superpotential

e Another wayv:

— 2Q; + Q; = 0 connect charges of the same equivalence class
2x04+0=0mod3 2x14+1=0mod3 2x24+2=0mod3

— Qi +Q; +Q = 0 connect charges of the same equivalence class
0+04+0=0mod3 1+14+1=0mod3 24+2+2=0mod3

— or connect charges from three different classes: 0 +1+2 =0 mod 3
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Interlude:
Linear Equations over Finite Algebraic Field

e If assumption was correct all U(1)’ charges
either all 1 mod 3 or all 2 mod 3
e In general assumption is not correct
still, if initial set of charges = same eguivalence class
(0 mod 3. 1 mod 3. 2 mod 3)
— easier to find enough cubic terms in superpotential

e Another wayv:

— 2Q); +Q; = 0 connect charges of the same equivalence class
2x04+0=0mod3 2x14+1=0mod3 2x24+2=0mod3
— Q; +Q; +Qm = 0 connect charges of the same equivalence class
0+0+0=0mod3 1+14+1=0mod3 24+2+2=0mod3
— or connect charges from three different classes: 0 +1+2 =0 mod 3
e Conclusion: If using only cubic terms

might need to add a large # of singlets
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Bilinear Terms

e Conclusion: If using only cubic terms
might need to add a large # of singlets

e Might want to use bilinear terms uS;S; = W

e Does this reintroduce the py problem?
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Bilinear Terms

e Conclusion: If using only cubic terms
might need to add a large # of singlets

e Might want to use bilinear terms uS;5; = W

e Does this reintroduce the u problem?”

NO!

e 4 problem: have y in pH,,H; € W at the same scale
as the soft parameters (b. mi{ _ 5/ ;{ )

e Here not using u term to generate vacuum structure
Need u to give mass larger than MeV

e Term can arise from Giudice-Masiero mechanism pu ~ F/Mp
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Example: Erler’'s Model

e MSSM + Exotics: two pairs of 5+ 57: (D;.L;) and (Df.L7). i = 1.

b

need two singlets: S, Sp with charges Qs =1 Qs =3/2
S generates u term and give mass to L.L.. Sp give mass to D, D°
e Using only cubic terms requires 4 extra singlets
The superpotential terms are:
515152. 59535p. 5154Sp. §5353.5585,
e With bilinears can do with only 2 extra singlets

wSS51 +y151525p +y255252 = W

New singlets’ charges Qgs, = —1 Qs

Js; = —1/2
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Generating required vacuum structure

e Need to give vacuum expectation value (vev) to multiple scalars. How?
e No “rigorous” proofs but the big picture is:

e FEasier to analyze by ignoring F terms for now

2
9.+
2

(Z Qi |51|2)h-

e Reasonable to assume some mf are driven negative by RGEs

V(S1....Sn) =Y m?|S:2+
1

e (Consider two cases
1. Only one fields develop a vev
2. “Flat” direction
e First case:
— [If for only one field m? < 0. it will develop a vev
— If multiple fields have mf < 0,

only the field with largest m= i| develop a vev
ly the field with 1 im?2/Q;| devel

Pirsa: 08120027 Page 53/60
Supersymmetric U(1)" Models - Gil Paz 31



“Flat” direction

e Assume that for two fields with opposite charges S; and S;
1Q;|m?2 +|Q;i|lm2 <0
(& 5 - |G 5
— “runaway’ direction: V — —xc. for |Q;||S;:|? = QJ.-_':‘;_-:?I"2 —
e Adding F' terms stabilize the vevs at finite values

= Generate vevs for 5; and §;

e After “vacuum insertion” A terms can generate linear terms

in the potential for other fields: A |S;||S;|Sm €V
— generate vev for 5,,
e This case is phenomenologically favorable
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Example: Erler's Model

e Recall superpotential

and charges: Qs, =—1 Qs, =—-1/2 Qs=1 Qgs, =3/2
e We need S and Sp to develop a vev
For simplicity ignore p term and assume y1 << y2. g.-

Scalar potential ( “turning off” A terms)

nm

5

I-'.r{S.S ma|51

(ZQeIS |;:) + [y2/?|S2|*

| ]

e Flat direction for S9 and Sp. assume

2

Qs TTI';:D + | &Qsp mql > (0 and ch.mq + Qs Im 5, <0

e The vevs are

2
. 4 mg 1 . : ; 1 ; .
e |2 20 : 2 2 Lo 12 : 2 2
|bD| = ; S — 3?’?‘153 I mqg |b?. S -3?”5',_: LT
g gzr 159‘5 ( 2 .D) ‘by% ( 2 D)

Notice |S;| >« 1/ yg‘ remnant of the flat direction
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Example: Erler’'s Model

e SS9 and Sp have vevs
e Recall superpotential

wuSS1 +y15152Sp + 125525, = W

e “Turn on” A term for §57 55

o 2

linear term for S: A S|S3|<cV

— generate vev for S5

e Final result: both S and Sp have vevs /
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Future Directions

e Other 7' mediation models
Models with gauge unification?

Implement Erler's model [In progress

Models with wino/bino LSP?

e (Combine with other mediation mechanisms

e.g. anomaly mediation In progress|

e Incorporate in other top-down models

e Models of the hidden sector

Pirsa: 08120027
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Conclusions

e Motivated by top-down constructions:
New mechanism for mediation of SUSY breaking
via a U(1)’ gauge interaction

e Specific implementation

— heavy sfermions, Higgsinos, exotics ~ 10 - 100 TeV

— Light gauginos ~ 100 — 1000 GeV, of which the lightest can be
wino-like and a light Higgs ~ 140 GeV
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(Conclusions

e Motivated by top-down constructions:
New mechanism for mediation of SUSY breaking
via a U(1)’ gauge interaction

e Specific implementation

— heavv sfermions, Higgsinos, exotics ~ 10 - 100 TeV

— Light gauginos ~ 100 — 1000 GeV, of which the lightest can be
wino-like and a light Higgs ~ 140 GeV

e V(1) + gauge unification = Multiple singlet fields
(Generic problems:

e accidental syvmmetries — light bosons
— Solution: explicitly breaking via SP terms
Cubic might not be feasible. bilinears ok
e Vacuum structure: multiple scalar vevs
— Solution: lifted flat direction: two scalar vevs

A terms — more vevs
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Conclusions

e Motivated bv top-down constructions:
New mechanism for mediation of SUSY breaking
via a U(1)’ gauge interaction

e Specific implementation
— heavy sfermions, Higgsinos, exotics ~ 10 - 100 TeV

— Light gauginos ~ 100 — 1000 GeV, of which the lightest can be
wino-like and a light Higgs ~ 140 GeV

e [U(1)" + gauge unification = Multiple singlet fields
Generic problems:

e accidental symmetries — light bosons
— Solution: explicitly breaking via SP terms

Cubic might not be feasible. bilinears ok

e Vacuum structure: multiple scalar vevs
— Solution: lifted fiat direction: two scalar vevs

A terms — more vevs

e More work to be done!
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