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A meta model

SF | Spin 0 | Spin % Generations | (U(1)4,SU(2)p,SU(3).,U(1)p,SU(2)4) | R-Parity
; q q 3 (3,1,3,0,2) =1
l l l 3 (—1,1,1,0,2) —1
Hy| Hy Hy 1 (—3,1,1,0,2) +1
H,| H, H, 1 (1,1,1,0,2) +1
d | dy d3, 3 (,1,3,0,1) —1
o | af wh 3 (—2,1,3,0,1) ~1
é &, et 3 (1,1,1,0,1) —1
L L U 1 (—%,7,1.%,2) +1
L| L by 1 (3,2,1,-1.2) +1
K K DK 1 (0,1,1,0,1) +1
A A VA 1 (0,3,1,0,1) +1

Table 2. Matter fields of the model.

Wesm = Yot GHy — YqdGHg — Yo elHyg + pH, Hy

‘ Wouiver = %1&'( LL—V2) +YALAL
A

The most sophisticated model so far implemented into a spectrum generator (SARAH/SPHENO)

A meta-model i.e. independent of the type of supersymmetry breaking:
AMSB, mSUGRA, GMSB, phenomenological, other?




A quiver model: motivation

. non decoupled D-terms: lifts the Higgs

(sometimes substantially)
Batra, Delgado, Kaplan, Tait 0309149

SSM
. extra adjoints of SU(2),SU(3): lifts the Higgs \ G hidden
o More natural than NMSSM?
J embeds into SQCD
o Deconstructs an extra dimension
4 2 2 2 2 2
» 2 M CoS 22 |98 5 5 572 _( 2) 5 5
(4m)* v My My my gp’ m: +2m7

2 2
g Al —l—g AQ
— ) Vew 0L = —g?A(H!H, — H Hy)?

—g30Y (H}o"H, + Hyo"Hqy)?

a

mﬁ — mﬁ + (
Related works:

Csaki, Erlich, Grojean,Kribs 0106044

“GGM and Deconstruction”
M.M. 1009.0012 and 1101.5158
Auzzi, Amit Giveon, Gudnason, Shacham
1009.1714
1011.1664 Under explored compared to NMSSM

+ ..



Building a taylor made spectrum generator!

We used SARAH mathematica package:“a spectrum generator generator’ to
write our own spectrum generator.

We implemented 5 gauge groups with full 2-loop RGE’s and one loop self
energies (soon 6 and 9 gauge groups!).

Higgsing, and breaking to the diagonal 4 gauge groups, including all mixing
matrices and assighment of Goldstones, Ghosts, RGEs of vevs, and Bmu at 2
loop.

All 3 and 4 vertices of all fields computed, and self energies.

All anomalous dimensions, tadpoles and running of all additional soft terms
and Yukawas, at 2 loop level.

finite shifts and threshold corrections also accounted for.

Quiver @
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Simplest case

If we assume GMSB

corresponds to a 2 site quiver model

completely 4d

L
MSSM
L
m
3 Regimes  depends on ratio — M
E2
A? A?
2
My
M? M?
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gaugino mediation

gauge mediation

P, P

Form factor

F(s) =

A2

2
Mmmp

hybrid mediation >

s + m?2

A hidden local symmetry,
exhibits vector meson dominance

2
P embeds into magnetic SQCD

P
Deconstructs an extra dimension

We have a new hybrid regime where

QMgpsy : m%\ > m?;

soft masses are analytically calculable at 2 loops!
and cross sections are now known.



Esoft 2

soft terms:
we chose GMSB
(but we can change it)

2
my=NA (15;2) g(x)

1 ~ - ~ o~ ~ o~
5 (m GG G+ mp B BpBp + mwp WpW B) + h.c.
 A=12 _
My = ().
2 2
2 9 _— a~Bil 9Bi :
ms = m4s = NA“ 20 : T).

* everything completely calculable



enchmarks

Inputs | 2
M 2.52 x 10° GeV | 2.32 x 10° GeV
A1o 1.46 x 10° GeV | 1.22 x 10° GeV
As 1.75 x 10° GeV | 2.1 x 10° GeV
m} 8.0 x 107 GeV? | 6.0 x 107 GeV?
tan 3 25 25
N5plets 1 1
v = TS5l 2.68 x 104 GeV | 2.68 x 10% GeV
81,609 1.21,1.16 1.3,1.15
Ay, Ay 0.324,0.157 0.276,0.119
Yi.Ya 0.8,0.8 0.808
Colour sector
m;, 1803 GeV 2018 GeV
G 1462 GeV 1881 GeV
Tu(3,3) —352 GeV —442 GV
Electroweakini
X1 200 GeV 174 GeV
Xi 425 GeV 339 Ge&V
Higgses
Mpy 126.3 GeV 125.4 GeV
M, 650 GeV 587 GeV
ma, 652 GeV 588 GeV
myy. 658 GeV 505 GeV
T 630 GeV 439 GeV
By 2.50 x 10* 2.25 x 104
Quiver states
mp: 52 TeV 37 TeV
My 38 TeV 03 TeV
M0 24 TeV 24 TV
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“Deconstructed Holography for Gauge Mediation”

M.M. Rodolfo Russo 1004.3305

A holographic quivel‘ M.M. Daniel C.Thompson 1009.4696

M.M. 1210.4935

currently putting this into SARAH * non decoupled D-terms
(9 gauge groups, full 2 loop RGE’s) e extra adjoints of SU(2),SU(3)
Aoife Bharucha & Andreas Goudelis . Interesting RGE'’s
) I

SSM DSB
l ( nisible ("hédd( n .
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UV brane /x/’
PR
- 4
4D: operator Field A | m?
O/”H = (f)f(,‘)/“;,w — [)( A .l')/“[g .2 -4 / /
O“x)r g —i\/'_)(.‘)iq‘,f‘,,, — AXz.x)pr | 5/2|1/2 4 T
Jef 4 e T o AT A A AT A ~ 5 /-
0 (," ’)[‘_1‘ = ([(T (114_]{ l ((.) (_) ) () 0 (,)) LR — ,l (A,, A )L.H - 5 () IR brane

Table 1: Operators corresponding to the bulk fields of the model.




What next!?

Single regime model SU(3) quiver

Dirac Gauginos Kinetic mixing

3 site quiver GUTS



Back up slides



Can we develop intuition with QCD?

QCD Hadronic picture
5 . “look under the hood”

— Sum of many parts

iM(et,e” — et e7)

_|_

gives o(eT,e” — hadrons)

quark current OF = qv"q

perturbative in Oéem

all ordersin (X g

perturbative in @7 em
mp Pertu rbative in O{m ag




Summary
The key idea is to build models around scattering

ALL old GMSB models are of this type

2 ~
(4ma) Disc Cy(s)

RED o, (visible — hidden) =

28

OR F(S):er?an

form factor or no form factor?

BLACK? o.(visible — hidden) = (47;(;) IF(s)|? Disc Cy(s)

Similar to the hadronic world: perhaps we should take it more seriously?

Duality in e, e~ — hidden?

|deally, determine this form factor from experiment
or from computer simulations

or from toy models and effective field theory

String theorists know how to compute scattering amplitudes!



“Holography for General Gauge Mediation”

IR hardwall/
slice of AdS

Check list

|.  Metric:slice of AdS
2. Interval

3. Flavour symmetries
4. Scale matching

5. Sources

6. Operators

/. Bulk field

8. Bulk to boundary
propagator

1210.4935

2
ds® = (E) (" dz, dx, + dz*)

Z

Lo <z< 1,

SU(Nf)L X SU(Nf)R — SU(Nf)V

R N,
1272

ggd(YM)
0 0 0
A, (z), Ay (z), D™ ()

Ou(x), Oalz), O(2)

At (q,z) = Ay (q)K (g, 2)

Vi(q,z
K(q.2) = yigin

Vg, 2) = zq[Yo(qL1)J1(g?)

compute...

also  AdS/SUSY

“Warped General Gauge Mediation”
M.M. Daniel C.Thompson 1009.4696

Abel & Gherghetta 1010.5655

“General Gauge Mediation in 5D”
M.M. Rodolfo Russo 1004.3305

N=1 5d super Yang-Mills
action in the bulk

— Jo(qL1)Y1(qz)]



“Holography for General Gauge Mediation”

IR hardwall/
slice of AdS N=1 5d super Yang-Mills action in the bulk
SU(Nf)L X SUN(Nf)R
R\’ R N.
ds® = <—> (N dx, dx, + dz*) Lo <z< Iy 5 = 5
< Jsacymy 12T
An AdS/SQCD proposal
iy 2y — AP () VD7) - ing bi AD: operator Field | A | m?
A¥(q, 2) = Ag (q)v( To) gives a log running piece - operator 1€ m
1> =0 O(z) 5 D(z.z) | 2 | 4
v Oql(x) —  Aalz.x) | 5/2 | 1/2
/d4§C€iP.$ <Ou<$>0y<0)> — H(p2>P“V /m C.)I‘ (r) N ‘4“ ( > .r) 3 0
The UV operators that correspond to bulk
1 (RO, V(q, z)) fields
(%) = - | = =2—2Z
(q ) q (Z V(QaLO) 2=Lo O(NC) T
-~ R OLr=0¢"¢Lr
Orr= —i\/§¢qu,R

O r=q0"qLr — i (670" ¢ — auqbw)L,R

UV boundary correlators give a supersymmetric effective action

(Oa(2)0p(0)) =0

3111 (¢%) — 4111 )5 (¢%) + o (¢%)] =0

Related to the Gibbons-Hawking boundary terms of SYM



Introduce IR localised correlators that encode supersymmetry breaking

SUSY breaking currents located on an IR brane or live in the bulk

An effective vertex function
generated by a bulk to boundary propagator

A JH = /de(p, Z)AgJ“ = A?LJ“A(p)

lgnore O(1/N,) corrections
0 (2 79 2 v 0
A ANp)C(p”/M7)P* A(p) A,

2 ~

2 ~ ~ _
5L§J%;5’Y’ vy = 252.Cy(0)D3 — ig% 3, C1/2(0) X0, 0M Ng — L34 C1(0) Fuw 0 FL

2

may be written as a boundary effective action too

* this part is not necessary. It is a further
additional assumption

2/dpp A%(p)

If* you also assume a messenger sector then

_ (OIR R 2Fg(37) 5 QIR 2 /R 2 F 2 1
mx = <E) . M soft masses are calculable! me = (E) > Vi Y

~




S Holographic Scattering

UV brane

On = G591 / dehn(2)(2)(2)0(z — Ly)

The form factor encodes a sum of monopole contributions
of an infinite tower of vector mesons with decay constants for each meson

IR brane

\\\ / /
\\ H /
'\\ ' / /
/ N\ \ae—— E :::\, ~-.‘u,.'\._-,x\
Fre = (010410} / NS h
/ N\
/ : N

meson decay constant

o4 (vis — hid) = Urasu) (97595 Z Fotpn(2) Z MDiSC Ca(s/M)

Duality in e, e~ — hidden?



D.Vecchia and Drago (1969)
Chua, Hama & Kiang (1970)

Frampton (1970)
Many others...

UNDER
CONSTRUCTION
check back soon

A Veneziano-like amplitude for GGM?

A2

N / \ A fit to the pion data

lim F(s) ~1/s*1

S— 00

a(s) = 1/2—|—s/2m/20 A=

Infinitely rising linear Regge trajectories Forward scattering amplitude

Higher spin states contribute too!

The point is that holographic models are toy models with a separation of scales between the spin
0,1/2,3/2,2 and the higher spin states.



