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Hints from the LHC:

(1) Higgs mass
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(2) Stringent mass limits in CMSSM/mSUGRA
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How do we deal with the LHC hints?

Assume (i) weakly-coupled Higgs (~125 GeV)
(ii) m(q~1,2) > m(fj), m((]g) (stringent mass limits do NOT apply)

T Avv~AMp
%
T
“Big” hierarchy —— m(G12) > TeV
—— Y A
“Little” hierarchy
== m(g3),m(g) S TeV |
\ 4 mpg 125 GeV

Look for natural solution with split mass spectrum...
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Natural Solutions of Hierarchy Problem

Idea #1: Supersymmetry

3n2” . 32
* m3 = —m3 + —+=A? il

A6m2° 1672

X4 X4

---------------------------

H H
- 6h? A
2 t o2 2
A+ = (my —mj7)log m

Thus, my < A provided m; S O(TeV)

BUT

® Supersymmetric flavor problem

e.g. K—K mixing :

® Higgs mass

(10 TeV)2 ~
myg ~ 125 GeV

S 107

) (F/M)?

m or ’ﬁ’bl,g Z 1000 T@V

with My > 1TeV

LITTLE HIERARCHY PROBLEM
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Idea #2: Strong dynamics

3h?
HO.H m?{ _ _mg 4 16;2 A2

If A~ TeV » mass correction ~ 100 GeV v ok

@

BUT
® Flavor and CP problem
1
A—%‘I’i‘l’j‘l’k‘ﬂz Ar 2> 2—30TeV

O Higgs mass Wh)’ is mg < A? LITTLE HIERARCHY PROBLEM
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Either supersymmetry or strong dynamics have
little hierarchy problems...

= Combine both ideas to solve big and
little hierarchy problems!

(Big) Hierarchy Problem:
Strong dynamics 5> mu X Astrong < Mp

“Little” Hierarchy Problem:

Supersymmetry > my < Agirong
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Natural framework:
Warped Extra Dimension —> Explain hierarchies

Uv IR
“Slice of AdS.”
[Randall, Sundrum 99]
k=AdS curvature scale
0 Y ¢

5D metric:  ds® = e 2*dz? + dy?
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Remarkably, warped
S5th dimension encodes €@ AdS/CFT e

4D strong dynamics!

Ad S/C FT d i Cti O n a ry [Arkani-Hamed, Randall, Porrati ‘00; Rattazzi, Zaffaroni ‘00]

5D AdS UV
)
Large N,
“ 4D energy scale strongly-coupled
(7 4D CFT
—_—
uv 5th coordinate IR IR

PP ’s strongly-coupled CFT
Slice of AdS <> SYTEoP

+ elementary sector

L4 = ﬁUv[(I)i] -+ EC’FT[Oi] + AP, O;
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EAUVe_ky .
E UV localized <> elementary state
field Y
R
IR localized
CFT bound state
: field
0 3./ TR
Kaluza-Klein tower Tower of resonances
. [e.g. large N QCD:Witten 79]
2 2
() o Pt My

0)
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Plan Use AdS/CFT to build strongly-coupled
4D model using 5D warped model:

SUSY broken SUSY emerges
at UV scale at IR scale

1 5 <

= — . fl —

EM) = =g Fuy +1AD.0A } wealy-copled  TONI0 5 o —iFﬁu +iAD.oA + |D¢ |2
+|Deol? + M?|pol? e.g.“Split SUSY”

* 1 “accidental SUSY”
strongly-coupled { —|—|ng’2 + MQ’#S?F + O(W)

SUSY breaking by irrelevant ops.

@ 5D gravity dual

SUSY broken _gmauas, SUSY IR brane
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Pal"tial SUSY [TG, Pomarol, hep-ph/0302001]
SUSY broken at UV scale

elementary [— composite
| A\ l
e t
e t

§,U'3Y ) H H ( g ) o e(z3—0)ky

Fermion mass spectrum
determines sparticle spectrum!

uv IR
Low-energy SUSY spectrum t. H (fi2,\ decouple)

> Naturally obtain a split sparticle spectrum!
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BUT:

® Potentially large D-term contributions to soft masses L D m%D

2
® No |ight gaugino » Am?, ~ 1(95 QA%R —> Limit to increasing Ajp
™

Sundrum: arXiv:0909.5430 [hep-th]
® Embed SM gauge group in Pati-Salam to avoid linear D-term

Ag?

® Keep gaugino light with R-symmetry  Am?% ~ A

> Implement in 5D model
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5 D M Od EI [TG, von Harling, Setzer arXiv:1104.3171]

~

Stabilizing hypermultiplet
((I), (I)) g hyp p
Ay, A

light fermions

+ top, stop
w ¥ superpartners

“R-symmetry”

uv IR

FEATURES
e Stabilizing bulk hypermultiplet (®, )

® Approximate R-symmetry

® Extended Higgs sector (S,5)
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Stabl | ization mecC han | SIY)  [GohLuty, Ng:arXiv:hep-th/0309103]
SUSY-breaking potential (V = —0*U)

o ~
Ls D / d0 [e-%lyl (<I>T<I> + <1>f<1>) + 3(y) V (@, F)]

+ {/ d20 e—3klul $ (ay + (c’ — g)ke(y)> o + h.c.]

UV brane SUSY-breaking potential:

oy M2 M2
U®,F) = (e"PU'ﬂF+h.c.> + U )2

vk k
1 A-3 A /\ — Dimension of operator dual to P
E> Va D 5 1 — w2h—6 AJSUSY + he. W = radion

Add UV and IR constant superpotential:

Cin
M;

6
CU \Y%

Vi D 3 .
‘- M2

w|* =3

CUV (C[R) = constant UV(IR) superpotential
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6
CIR

Tl = (A = )My gyl 4

4D potential: ViD3—=

Minimum at;

1
A—3 M2 . M,|52 Determines IR scale
—k? — w| ~ SUSY

e.g. A=14.1 Mgsysy =~ 1011 GeV —™ mip =~ 10 TeV
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Sparticle mass spectrum

UV-localized matter: A dTP ;
s 5 5(y) /d 0 @'
» oov | Fuvl 3¢  Maysy > 0(1000 TeV)  (¢> 1)
g VEMy \| e2ktG—o) — 1 Mx 2

IR-localized matter:

Higgs singlet term

[@7P] e
£ o [aouto S m (QIQ+ HUH, + HiH.+ 5'S)
5
Fu|  M2s, A Ci \”
» Megr, = Mg/2 ~ ;/.;J4SY|W| T A myr ~ O(TeV)
——
1/3
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Gaugino mass:
An accidental R-symmetry forbids ®W“W,,. Instead:

i P
5 (- 4 W, .C.
LSDO(y)/dekQA@W V., + h.c

0> myY o~ Mase o v
7" kM3 1

Also radion mediation:

T Mg Mg | 474 Uv
Fr #0 > MG ~ vl [1+(km> } < mg
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AI Barbieri, Hall, Nomura, Rychkov: arXiv:0607332

H Iggs SeCtO r' SO. Gripaios, Redi: arXiv:1004.51 14; Franceschini,Gori: arXiv:1005.1070

LsD d(y— 1) [/d20w3 (yuHuQQ + ya HiQQ + ASH,Hy + gsf‘) + h.c.]

Composite Higgs sector > mg < 300 GeV
M\~ Am N

Ameliorates SUSY little hierarchy problem

p—term t=A(S)| Forlarge A and k < \ obtain

7mh1 SuS smp, C> 1< Arr

Solves mu-problem
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Hard SUSY breaking effects

Heavy first and second family sfermions generate hard breaking:

0909.5430]

2 4 Uuv \ Tn
AmQ ~ n 1 gn |: ( mSOft ) _ 1:| A12R [Sundrum arXiv:

scalar 67T2n’7n ].6'/T2

A
B Am! = (15TeV)®  Amj =~ (350 GeV)?
(g2 =0.6,72 =1/12;g3 =1,v3 = 1/4)
Total contribution:
m% = Am3, ., + Amgoft ~ (600 GeV)?

I:> Tuning of Higgs mass is of order 20%

Thursday, 26 January 2012
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AdS I-loop Higgs mass contribution:

Consider bulk fermion — 2 bulkfypermultiplets g © (4 —c)ky
with same c value ¢

uv IR

5D propagator:
Grp(p) = — ICU;1/2( ) KC+1/2(mIR) Ké}luz( ) IC+1/2(m’:R)
| k Iéil/Q(mIR)KcL-f\il/Q( ) 15;1/2( ) Kéiuz(mm)

where Ig(x) =xl, (z) — §8I,(x) with oWV = (mso\f;)2/2k2

3 2
Am3, = 2¥5D / dpp® [G2(p) — G3(p)]

472
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Bulk hypermultiplet correction to Higgs mass

(m R = 10TeV, mgo‘]/‘"t = 1000 TeV) [TG, von Harling,Setzer arXiv:1104.3171]
Amg(GeV)

1000
1001

101

<€ |R localized UV localized =—>»

| I T T TN TN NN T T T TN S NN S N SN S S N lllllc

0.1 02 03 04 05 06 07

At most 20% tuning if exclude 0.3 S ¢ 5 0.53
(mh ~ 250 GGV)
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Gravitational sector:

Cancel energy density to obtain zero 4d cosmological constant:

/A —3
Cgv = T M, A"IS2USY

3 _
CUV IR Mg =a
E> m¢3/2 — M2 ~ Mg L
4

Gravitino is LSP when A < 4

C\*

. IR IR

Radlon: Mgeajar 7 mpseudoscalar ~ (AI ) myr v msoft.
15
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Accidental SUSY spectrum:
(A[R = 40 TeV, mirr — 10 TGV)

1.2, ﬁcl"z, df’2.3, L1’2_3, éi2‘3 SUSY flavor problem \/

. (n) ,e(m) ge(n) p(n)  _e(n) r(n) R(n) (n

— Qios Uiz G123 Libs €123 W ™, B, G RS flavor problem
—— ~(n) "C(n) 7 (n) ~(n) ~C("’) /\: n nin ~(n
QY33 U3 @153 Lyaz, €153, W™, B, G

L
€ Q)

SUSY little hierarchy problem \/

-~
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LHC 3rd generation limits:

ATLAS-CONF-2011-130 17 August 2011

g-g + t-t production, § — t~1+t, Y1—> b+i;t I Ldt = 1.03 fb'\'s=7 TeV
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Summary

® Supersymmetry may be accidental or
“emergent” at IR scale

® TJogether with a composite Higgs sector can
solve big and little hierarchy problems

® Distinctive signals at LHC:

-- only stops, Higgsinos, gauginos
-- deviations in gauge/gaugino couplings

-- composite Higgs sector

® Current LHC bounds are mild
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