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Highlights of Max Nat SS SUSY

Gustavo % David’'s excellent talks a\vead\j wtvo SS SUSY—bVeak‘W\9

Scherk-Schwarz SIY is non-local breaking in 5D using R-symmetry twist - finite

Earlier: Antoniadis, Dimopoulos, Pomarol, Quiros '99; Delgado,
Pomarol, Quiros '98; Delgado, Quiros, ‘01
Barbieri, Hall, Nomura ‘00, '01; Hall, Marandella, Nomura,
et. al. '02; Barbieri, Marandella, Papucci, '02,’03;
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Tree-level Scherk-Schwarz Spectrum
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Loop-level Scherk-Schwarz Spectrum
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Radius Stabilization & CC

4D N =1 SUSY 5D SUSY 4D N =1 SUSY
orbifold brane G SM, F, 9, Hu J orbifold brane
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Crucial extra ingredient - < F X> # () - necessary to give zero CC after radius

stabilisation
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Leads to new sources of soft masses via higher-dim ops (this F-term triggered by SSSB so

still no log enhancements)
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EWSB & Max Natural SUSY

How EWSB works:

gy ~ 1gi222< > Cz(i)g?JrCt(i)y?)

1=1,2,3

For light scalar modes & EWSB higher-dimension operators also make important contribution
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Total Schevrk-Schwarz contvibution:
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Who 1s Higgs?

ONLY (H,) # 0. Down-like quark and lepton masses from Kahler couplings to H
R. Davies, JMR, M. McCullough, arXiv1103.1647

5(0) () X)L QuD5 + .

M;

(Hd 1S 3w nert Spectator)

Single-Higgs-doublet SUSY is realised in these models

Physical Higgs is dautowmatically SM-like up to loop-level effects!



A
1/R ~ 4TeV

1/2R ~ 2TeV
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~ 0.7TeV
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Overall Spectrum

SMWKK excitations
N = 2 SUSY superpartners
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U(l)" Vanation
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Reasons for naturalness

® NO tvee-level -l-,uvﬁvxg

/
e SuSY d’\\(ec-l;\\j communicated to H1ggSinos, q3auginos, and (St/2wnd
/
§amily sfermions. 3vd §amily protected frowm tree SUSY

® S55B 1S super-soft as it 1S @ non-local (n 5d) breaking of
SUSY: higgs Soft wass not enhanced; gluino sucks problem Solved

® A wnatuval SUSY Spectruw edasy to obtain via localization of the
3vd Qawﬁ\\j ow 4D brawne (3lso vital for success§ul EWS®)



LLHC Pheno: 3rd Generation Sfermion Signatures

=::"\ gluino, neutralinos, higgsnos

«— LSP (variety of possibilities)



Unification?

can get 3n extended version of 5d Su(3)., unification (with
tree-level s*=1/4) which Surther unifies with Su(3). wto N=2
Su(6) theory n 6d

TTRc
2
-
G
3 SU(6) x
p—
SU(3)¢ X SUB)gw X U(1)’ (0, uc,dc)
SUB)¢ X SUB)ew (L, H,, H,) SU3)c X SU(2). X U(1)y

ASter log differential vunning get s* = 0.23(5 to 2%
(but prediction fov g; only good to ~(59 33 afflicted by non-Su(6)
Ed-brane kinetic tevms)



Twin Dark Matter

Gewnevrad|l comments

® when you twin the SM theve are (U\V\su\r?\r’\sina\\j) a HUGE
vange of possibilities fov stable states with very vich dynamics
(vav{ie-b\j o§ WlM'P’S but also nucleown DM atowmic DM, wucleayr ™M
wmeson DM spin [ DM woleculary DM(?) ---) (c§ Andret and
Mavco’s talks)

e (n wmany (wost?) parts of pavameter Spdce the DM 1S 3 wulti-
component cocktdil. Sub-dominant Parts can be intevesting
(halo c\\jV\awﬁcs’ |ate deca\js % BBN Spectvuw of states n divect
ov iwdivect detection, nelasticity, ---)

® Higgs povtal gives defnite and very intevesting Predictions Sov
DD and (D s’\g\na\s even v wvioSt minimal vanilla cases.



Twin Dark Matter

Genevradl comments

® ASywmwmwetric DM 1S 3 very watuval ?ossibmt\j. Twin wodels have
the potential to solve the coincidence of scales’ problem that

exists h ADM (c§ Mavco’s talk), eq
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(Fraternal) Twin DM

Given vichness of possibilities useful to stavt with minimal case fivst

Just 3vd genevation of B-Sector with twin-hyperchavge just global (coue

be explicitly broken i§ you wanted — also will later turn of§ leptons in 2 generation wmodel with just ADM wnucleons)

[ Su(®) x Su(z) ] x [u(l)ax (l)s x L(I).]

Lightest twin-lepton twin-baryon (SPin 3/2) B=bbb and twin-u(l),
states stable.

Also often other (wet3d)stable states by )¢ or kinematics

Let’s §irst assuwe §ov SimPplicity/definiteness no asymmetry b 1
heavy so that glueballs are light hadvons 3and twin-neutrinos ave
w3assless. Heavy twin-tau 13 then Simple WIM?P candidate



(Fraternal) Twin DM

Result o§ Fo calculation Sovr tau (® devxsit\j vanishingly swall)

10

mpr = 15 GeV

140

me (GeV) (nwo ®/L as\ijwxet\r\j)
has St DD cvosS Section iw nteveSting vegion



Asymm (Fraternal) Twin DM

St DD cvoss Section Sor B ba\f\jom with QS\jW\W\e-l;\(\j v1ia h’\%s povtal
(Plot 3ssumes wy, > twin @cD Scale so b’s weadkly bound - othev case

wtevesting too)
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(Fraternal) Twin DM

But don't fovget glueball Spectvum in heavy wm, limit
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(Fraternal) Twin DM

Now tuvwn on twin Photown (will come back to dtrel dof)
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(Fraternal) Twin DM

In Presence of twin photon and 3asymmetries have twin B-tau atowms

'?YOW\ ‘bW‘\-V\“YeCOVV\b‘\.V\a‘b‘\-OV\ (heve twin Photow 3assSuwed massless otherwise new hievarchy to explain)

This vecombination must be efficient (Swall 1on density) 1§ not to be
vuled out by qaldctic halo constraints

107!

m:(GeV)



(Fraternal) Twin DM

In Presence of twin photon and 3asymmetries have twin B-tau atowms

'?YOW\ ‘bW‘\-V\“YeCOVV\b‘\.V\a‘b‘\-OV\ (heve twin Photow 3assSuwed massless otherwise new hievarchy to explain)

But 3lso atowm-DM sel§ intevactions wiust wot be too \a\fse \’um’\-l;’ma
®ohv vadius §vowm above

300d vegion

—
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(Fraternal) Twin DM

But 3also atom-DM sel§ intevractions wust wot be too \a\rge \iwﬁt’\vxg
®ohv vadius fvowm above

Twin “U,” wolecules
~ wight |3te-time
_ form  this vegion
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ﬁ wheve 1onisation
Svaction not (|

. (would have

; stvik‘\vxg DD Phewo 3s
- Spatially extended)
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Twin Nuclear DM

In just 3rd genevation case don't form Significant di-B and
be\jowd as even with Photown present the vadiative captuve
vate too Slow (both MI( and El processes zevo by fact that
1S ownly (semi-)stable nwucleon)

can get twin nuclear DM — PosSibly with lavge nucleon number A

i§ turn back on znd generation with now both “p” and “w” like
states (if wi;>wm, so that ? evevxtua\\\j c\ecasjs o n + twin leptons wno
coulomb barvier 3t |arge A and wo dark atowms either)



Twin Nuclear DM

comment: Get all the attvactiveness of ADM with

wg = 5GeV without having halo DM states dctually 3t wmass 5Gev,
They can have much bi%ev wass AxbGev with ba\(\jovx numbevr Al
(Potentidlly changes DD vegion/pPheno 3 lot)

() _ Nx mx This would still be tvue
Qp  nBmp with nx = np
Note: example 0§ dark-Sector BBN vesult §ov number dist'n

(dn/dR) / fm™
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Twin Nuclear DM

\$ get thvough bottleneck vegion at swmall A wumber then can
Potentidlly build up \avge nuclei. Interesting case fov us is A~lo

Such large-A (and thus spatially
extended) dark wnuclei have
efSective coherent enhancement

of DD cross Section by A” (but

O_SI

wove massive by A)

can e’{-{-ec-l;‘n/e\sj wove DD Signal to

| | | | | |
10 20 50 100 200 500

highevy wass and cvroSS Sectiown even g (GeV)



