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The simplest scenario: this is it! “Gravity Mediation"

— All mass scales right, no mu problem, neutralino DM, already unified...
Alas, too much flawdr!  Generically, Cij(;é 53-3;
Traditional Ansatz: “flavor universality” ¢;; X 51'j

Self-consistent: Ci; X 0;; in UV —> ¢ij X 0;; in IR

But flavor symmetry IS violated by Yukawas!

Then, WHY ¢;; X 5ij ? Any mechanism? “SUSY flavor pr'ubiem"
Solutions: gauge med., gaugino med., anomaly med., etc.



Is there a way to be flavor safe while ¢;; X 0;;?
A closer look at SUSY flavor violations:
--- Excessive K-k, mixing ---
-- MSSM (Majo. gaugino) --
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Is there a way to be flavor safe while ¢;; X 0;;?
A closer look at SUSY flavor violations:

--- Excessive I-K, mixing ---

-- MSSM (Mu jo. guugmn) --
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Is there a way to be flavor safe while ¢;; X 0;;?
A closer look at SUSY flavor violations:

--- Excessive 1 — ev, b— s7 etc. ---
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A . Majo.
How do we get A = i = my,y = 0?

Kribs, Poppitz, Weiner '07: "A U(1)r can do it!"
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How do we get A = 11 = mrszp = 0?

Kribs, Poppitz, Weiner '07: "A U(1)r can do it!"
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Introduce: {R"
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But U(1)y cannot be a fundamental symmetry!

* No global symmetry in quantum gravity.
* Gravitino mass requires [T |

* (cosmo. const.) = (§,U—57 ) + (const. in superpotential)
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[Traditional flavor prob.] [New flavor prob.]
Sfermions: 1/(3)"(i.e. cij o d;;) *“Normal” stuff: U(1)g
Fermions: [437]° Gravity stuff: UAT;

How? How?

Gauge Med.: U(3)" "accidental”  U(1)r must be accidentall
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An Example Hidden Sector

Criteria:

* No gauge singlet for accidental R symm.
* (D) ~ (F) for Dirac gauginos

Very simple example — "4-1 model”: (ine, Nelson, Nir, Shirman, '95)

SUBYsu4) 4 |16 4

Il ,. W =\500
W) A =1 42 | —
Bbar 10
ga > A2 g1

—> (Dy) ~ () |

(Carpenter, Kaplan, Fox, "05;
Gregoire, Rattazzi, Scrucca, '05)

Simple existence proof!

i i X i 2 i L 1 2 2 i i i 2 i i i i l.li..
0.0 0.2 0.4 0.6 0.8 10 97



Can we get the hierarchy mg ~ 10m;?

gi( 1)
d'
[

Q' + fdi’ﬁﬁmwz
Mp



Can we get the hierarchy mg ~ 10m4?

i

0¥ ()2 0( D)
0.01]&9 ;<_ ; Qg+ fd? AD >W S
2 Mp, ) Mpi;

N
q m§




Can we get the hierarchy mg ~ 10m;?

oY Iy2 )
D.olfm :<_ ; Q0+ fd? AD >W 9
2 Mp, ) M,

m=
q m§

Look at RG effects:

0 (1) . 2, 0(D)
/aﬁ? 3 Q')  + fdﬁMHWE @ Mp,

04 (F)* 2, 0(D) ,
/d‘*f? 2, Q')+ /dﬂﬂﬂfﬂﬁZ @1 TeV



Can we get the hierarchy mg ~ 10m;?

oY Iy2 )
D.olfm :<_ ; Q0+ fd? AD >W 9
2 Mp, ) M,

m=
q m§

Look at RG effects:

0 (1) . 2, 0(D)
/dﬂe‘f v oo+ I/MMPI WY @Mp
IRG

2
/ 29 " g1 +5_4/ 2022wy @1 Tev
M2, | Mpy




Can we get the hierarchy mg ~ 10m;?

g4 ﬁf‘ 8iD
D.olfm :<_ ; Q0+ fd? AD >W 9
> Mej 7 Mpn;

e
q Sy

Look at RG effects:

H%FF T 2 9(D> ;
/d*ﬁ 3 RQ'Q  + lfdﬁﬂffmﬂz @ Mop,
IRG

2
0.3 / d*0 Bﬁl(,i) Q'Q +5.4f 20" Py @1 Tev
ﬂfFl | ﬂfF‘l




Can we get the hierarchy mg ~ 10m;?

oY Iy2 )
0.01]&9 ;<_ ; Qg+ fd? AD >W S
2 Mp, ) M,

m=
q m§

Look at RG effects:

gt ([')2 a0
O.S/tﬁ? <_ ; Q'Q + lfd‘?f? <_ >WIE @ Mp,

running only by Yukawal)

I(bimc gauginos — 1-loop I RG

2
0.3 / 20 i +5.4f 20" Py @1 Tev
M2, | M

The hierarchy arises naturally!
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What about hierarchies inside m?j ?

Flavor —> ma2 ~ 10m;, c12 ~ ¢11/10 ~ ¢25/10
CP (Im K—f) —> fop ~ 1/10 (Blechman, Ng, ‘08)

But ci; here is not the "fundamental” c;;:

EA _ ~1 ~1 ~1
Mpi+ (c¥) =001)[ ~1 ~1 ~1]| Afep ~ 0.1
~1 ~1 ~1

Flavor universal, no phases!
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Integrate out gluino —>» (?ﬂ-%)q ~ (300 Gev)g':?r + (1 T"E'-V)Eﬁéj
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A new U(1) gauge symmetry

A serious problem:

XTX
/d“ﬁ VE R} H.q would kill accidental [/(1)g!
P (WE- want R[ u,d] — Ij: R[Rﬂrd] — 2)

— Need a new gauge symmetry U (1)«N» ow! (No global symm with gravity)
N[RJ)=-N[R]=1, NH.Q.UD,LE=0
Can be naturally broken at TeV: (S) # 0 by m.” < 0
[Naturally TeV)

1T good!

HAT H, R, °ops!

The new U(1) solves two additional problems!

But we have (S) £ 0! Just assign
N[Su] = —N[S4 = —1 & R[Syl =0
— W :".:;SH-HH-RH- —hSdeRd — <Su->Hu-Ru- + <Sd>Hde|

(2) LEP Higgs bound? O(1)— Large H quarticl —» my > 114 GeV|
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Need T, 4 with R[T, 4] =2. Then,
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Dirty Laundries...
* Neutralino masses

T, - -F- -
R[Hl - R[Sl =0 X hh’l- _____ gt s [ vy )
(R[R] =2 Hhe= -: T ‘?—.’*‘E‘;f" = Su — 8u?

Need T, 4 with R[T, 4] =2. Then,
W = SuaSudlud — {Su*d>§u*dgu*d
* Tadpoles for singlets 21 n. 01 N
\(chiml “adjoints” for U (1)y, U(1) )
Embed U(1)s into non-Abelian groups.
* Unification Just perturbative (b; = 0)!

MSSM + Yo 3+ R, s+ SM singlets + 2 < [(1,1), & (1,1)_,] = unifies!

Maybe trinification? [SU(3)c @ SU(3)p @ SU(3)r]|/Zs
(8,1,1) & (1,8,1) & (1,1,8) —» 3 03 B Ry, a B Sua B2 x[(1,1); & (1, 1)

But what about U(1)x? T, ,? Quartification [SU(3)]"?
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A Higgs-philic, fermi-phobic Z'!

Production:
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T (Hook, Izaguirre, Wacker, 1006.0973)
Tiny, only loop-induced Z' Can be very light!

Possibly at early LHCI?
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Summary

"Visible" sector

Hu Hd
SU(3) x SU(2) x U(1)
<U(1)n

Accidental U(1)pg! (SUSY flavor problem solved!)

All mass scales right (esp. m; ~ 10m; from RG)
no mu-Bmu problem, neutralino DM.

Essential for accidental U(1)r! Interesting LHC pheno!



