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e Flavor motivation

e Mini-split SUSY motivation

« A model forthe up quarks

« Down and leptons + CKM matrix

« Constraints and (austere) phenomenology

e Conclusions
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« Masses vary by orders of
magnitude

 Three generations, each
much heavier than the
previous

« Seems to be a regular pattern
between mass ratios
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Masses vary by orders of
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Three generations, each
much heavier than the
previous

Seems to be a regular pattern
between mass ratios

Neutrinos are completely
different
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Old idea:

e Derive electron mass from muon mass

« Many other works including

o Also SUSY versions
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LHC is exploring the TeV scale.

7 DANIEL STOLARSKI March 14,2014 CERN Seminar
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Higgs-like particle discovered with mass around 126 GeV!
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NOW ?

Run | of the LHC has sharpened the hierarchy problem

We appear to have an elementary scalar, yet no sense of
how Iits radiative corrections are tamed
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NOW ?

Run | of the LHC has sharpened the hierarchy problem

We appear to have an elementary scalar, yet no sense of
how Iits radiative corrections are tamed

Nature could be fine-tuned to the Planck scale...

...or we could live in a meso-tuned world.
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mse. ~ 1000 TeV

Scalars, Higgsinos,
other Higgses

mg ~ 10 T@V

Gauginos

V] JV

Implement meso-tuning in the
context of Split Supersymmetry

Mini-split SUSY has received a
great deal of attention recently
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Naive gravity mediated SUSY breaking

XTX

2
Pl

Scalar masses: /d49 dTd = my — MmM3/2

Friday, March 14, 14



Naive gravity mediated SUSY breaking

XTX

2

Scalar masses:/d49
Pl

(I)T(I) — moﬁmg/g

SUSY breaking
field
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Naive gravity mediated SUSY breaking

XTX

2
Pl

Scalar masses: /d49 dTd = my — MmM3/2

SUSY breaking
field MSSM matter

field
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Naive gravity mediated SUSY breaking

XTX

2
Pl

Scalar masses: [ d*0 dTd = my ~ M3 /2

If X has some charge, gaugino mass J20 X W
forbidden at tree level Mp -
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Naive gravity mediated SUSY breaking

XX
Scalar masses: | d*6 5 PTd = mg ~ ms /o
P1
If X has some charge, gaugino mass X

Q

forbidden at tree level Pl

1
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Naive gravity mediated SUSY breaking

XX
Scalar masses: /d49 5 PTd = my ~ ms /o
Pl
If X has some charge, gaugino mass X
forbidden at tree level Pl 2

Gaugino masses at one loop from My g =
anomaly mediation 1672
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Gluino Anomaly mediation predicts Wino
LSP
Bino Wino LSP with mass ~ 3 TeV gives

correct WIMP dark matter density

Wino
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XTX

QlQ;

Scalar masses generically change /

flavor: MP2>1

5 Sk, AR d
Ruled out for TeV scale squarks: g g

d EZL SI. S

Kaon mixing motivates choice of 1000 TeV squark mass
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XTX

Scalar masses generically change QTQ
flavor: J
qi g Uj
— > OO T ———
Flavor anarchy can be used 4772‘\+ >y
to generate SM Yukawa I TSR ;"‘
couplings 13 3
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« Generate superpotential Yukawa operators by loops,
can only be done in conjunction with SUSY breaking

« Scalars do some of the work, need fewer new fields
than previous models

« Requires flavor anarchy in soft mass, a natural
consequence of the simplest gravity mediation
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1. Introduce U(1) symmetry —
which forbids SM Yukawa di R U,
coupling :
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1. Introduce U(1) symmetry
which forbids SM Yukawa
coupling
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1. Introduce U(1) symmetry
which forbids SM Yukawa
coupling

2. Add vectorlike Q@ and U
which couple to Higgs but
don’t have flavor
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Mix SM fields into new fermions via U(1) breaking

X X
X P
¥ ¥
| |

q3 Q Q'U U U3

Friday, March 14, 14



A JPP ML

Mix SM fields into new fermions via U(1) breaking
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Mix SM fields into new fermions via U(1) breaking
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A JPP ML

Mix SM fields into new fermions via U(1) breaking

X X
9 ¢!
Y Y
43 Q Q' U (_]; us
A
q; coupling is rank 1  H,

Only top gets mass at tree level
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Make ¢ a doublet:

d3
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Make ¢ a doublet:

Propagating ¢ couples to
second generation

X X
X ok
* ?
| |
d3 Q Q.U U us
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Make ¢ a doublet: Xs‘ ',x
by 0
Propagating ¢ couples to ’,:‘-':\
second generation ¢ . N0
i< X
—— Lo
Make loop of ¢ q2 Q Q')U U U2

Top mass dynamics
contains one loop
charm mass!

Friday, March 14, 14



¢‘s ¢'¢
X LN Y
: & ‘s &
: L 3 Y 4
A Twl
g2 ¢ : ¢ U ¢'¢' ~\‘¢
—_—
N‘k 4'~ l' *\
ra) ¢ 77 —_— e ————
@ \.___,x U qo Q QU U Uo
l A
A |
', V H,

Need SUSY-rotated diagram as well
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Use squark mixing to seed two loop up mass

Gluino mass insertion

~/isone—loop
q; I U

J

Y '.{L.
qi “‘ ," J
= 7+

Use anarchic/ See_ e’
43 U3

squark flavor
structure
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JUVV I

As before, forbid Yukawa
coupling, but allow coupling to
new vectorlike pair
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D
A
AVa

Add additional vectorlike pair which cannot get Yukawa
coupling

W = upDD + QDHy + p; did + ffd; D x
i=1,..4
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D
A
AVa

Add additional vectorlike pair which cannot get Yukawa
coupling

W = upDD + QDHy + p; did + ffd; D x
i=1,..4

Can choose basis such that U; = (O, O, O, ,u)

leaving 3 massless and one heavy down.
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Add additional vectorlike pair which cannot get Yukawa
coupling

W = upDD + QDHy + p; did + ffd; D x

1 =1,...,4
Yo
Make all remaining f couplings somewhat d Ub
smaller than 1, a technically natural tuning. J" Up

1
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VU LUUF DUWN MA

Same two loop mass as up

Gluino mass insertion

~/isone—loop
| g
qdi d ;

J

| 1 7
qi 4 »d

; '-.-' \Use anarchic

Y squark flavor
. structure
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VU LUUF DUWN MA

Same two loop mass as up

Gluino mass insertion

~/isone—loop
| g
qdi d ;

J

(; 4 ;(i

; '-.-' \Use anarchic

Y squark flavor
Seeded by large .

coupling to ‘4’

structure
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VU LUUP UUWN MA

Fourth generation has vectorlike mass ( dad

At scales well below u

2 g2 g2
S

Yd < Yt  Ypc
S

E” Yl  Yp

Masses: (82, YbE, yb)




?

If up and down sectors
were the same, then

T, mq
— ~— = Mg < My,
iz 4;

If we want a proton that is
lighter than the neutron,
need more structure

Current setup gives

1Ty, md
— X —— = Mg = My,
% Uz
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1 8/yb 82/yb
Vekm = VIVa~ | e/ys 1 5

82/yb E 1

Vus = A=sinf. ~ ¢/y,
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q2

X
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A
VH,
X
I}' ¢
AN
Y
A

Diagrams that generate
Yukawa’s have complex
couplings

Different couplings go into
different Yukawa entries

CKM matrix will have 0(1)
phase
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Model consistent with SU(5) unification:

Leptons likedowns d — £ q — €

X X
1 X
Y Y
: : M- = 1
43 Q QD D ds
A
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Model consistent with SU(5) unification:

Leptons likedowns d — £ q — €
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Model consistent with SU(5) unification:

Leptons likedowns d — £ q — €

qi ? igi dj
qi‘* }J-
* + Mme
T,
M
|
i
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Field |U(1)p|SU(3) x SU(2) x U(1)|R,
Hy, Hq | F2 | (1,2)120+(1,2) 10 |+
Q,Q | 1 | (3,2)16+(3,2)_1s6 | —
U, U | £1 | (3,1)_9/3+(3,1)9/3 | —
E,E | +1 (1,1); +(1,1)y |-
D,D | F3 | (3,1)13+(3,1) 13 | —
L, L F3 | (1,2)_12+(1,2)12 | —
ly, £ 0 (1,2) 12+ (1,2)10 | —
dy, d 0 | (8, 1)i3+(3,1) /3 | —
d12, 12| *1 (1,1)o
X1,2, X1,2| F3 (1,1)o
&€ | F2 (1,1)o

J UUN \

Field content is consistent with
SU(5) unification and R-parity

SM matter neutral under U(1), all
other matter vectorlike

Anomalies cancel trivially,
everybody gets supersymmetric
mass

Flavon sector slightly
complicated

Friday, March 14, 14



UV

(" -
U D Flavinos Flavons Higher Spin
TeV
5000+
____________ 7'
1000: """"""
500 —\
____________ G
100
\_ Y,

Friday, March 14, 14



Vi1 LUN I KAIN

mgl=Imy|=3TeV, |mgz[=10TeV

\ \ \
/ neutron W
EDM

30

\ + + :

neutron
EDM |

charm

mixing

30

10

tanf
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Model has messengers and flavons (+inos)
which couple to second and third generation

Precision flavor observables involving second
and third generation provide in principle test X v
¢

« Charm (C)EDM
o« T — Ly

¢ Bs mixing

Need order of magnitude improvement
In experimental precision for discovery
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Charm (C)EDM

q2 E Egi E U2 2s* }l}gb
g2 i_;?b ~¥:
‘l& o Cb"‘ ~\¢
qs3 :, ~ .(— ¥ Us r *
)' q2 Q{' U U2
i
JH, g/ H, 9/
MSSM Model

Flavon contribution does not have gaugino mass insertion

Model contribution is one loop enhanced
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« LHC discoveries (and lack of) make mini-split SUSY an intriguing
framework with unification and dark matter accommodated

 Dumbest form of SUSY breaking gives anarchic flavor structure in
soft masses, fine for mini-split

« Anarchic structure can be used to build radiative flavor model and
give elegant explanation of structure of SM parameters

« Use of one small parameter for b Yukawa gives right Cabibbo
angle and CKM matrix

« Model presented here all the hierarchies of the SM quark and
charged lepton sector
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