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“Is neutral naturalness the beautitul reason we
haven't seen anything, or the last desperate
hope of theorists?”

—@Gian (more or less)



We don't know yet; now Is the time
to explore and figure out what
‘neutral naturalness” can offer.



Perhaps you think neutral naturalness is not minimal.

| do not particularly

care.

| do not think nature cares much, either.

We had 30 years to write down the theory o

beyond the weak scale, and so-

- physics

ar it does

not look

Ike we have done very well using minimality
alongside naturalness as our guiding principle.



Neutral naturalness

Partner quantum #s

QCD x EWK

Neutral x EWK

Neutral x Neutral

*Table borrowed from David Curtin

Global

CHM, Little Higgs

Quirky Little Higgs

Folded SUSY

Twin HIggs

0707




Naturalness: physics driver @ LHC

Summary of CMS SUSY Results* in SMS framework
m(mother)-m(LSP)=200 GeV'

SUS 13.019 L=19.5 /b
SUS-14-011 SUS-13-019 L=19.3 195 /fb
SUS-13-007 SUS-13-013 L=19.4 195 /fb
'SUS-13-008 SUS-13-013 L=19.5 /b ]
SUS-13-013 L=19.5 b

'SUS-13-008 SUS-13-013 L=19.5 /b

SUS-13-019 L=19.5 /b

SUS-13-011 L=19.5 /b

SUS-13-006 L=19.5 fib
SUS-13-006 L=19.5 fib

SUS-13-006 L=19.5/b 1|

SUS-14-002 L=19.5 /1b
SUS-13-006 L=19.5 /b
SUS-13.006 L=19.5 /b

'SUS-13-024 SUS-13-004 L=19.5 /fb 1

SUS-13-024 SUS-13-004 L=19.5 b ]

SUS-13-018 L=19.4 fib. -
'SUS-13-008 SUS-13-013 L=19.5 b I
SUS-13-008 L=19.5 b
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CMS Preliminary

For decays with intermediate mass,
m =xm - H(1x)m,

|
400 800

*Observed limits, theory uncertainties not included
Only a selection of available mass limits
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Probe *up to* the quoted mass limit
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ATLAS SUSY Searches* - 95% CL Lower Limits
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CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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Excluded Mass (TeV)

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model &I TY Jets ET™ [Lanm™) Mass limit Reference
MSUGRA/CMSSM 0 26jets  Yes 203 |4 1.7TeV. m(@=m() 1405.7875
4, 3-g%] 0 26jets  Yes 203 |7 850 GeV m(¥})=0 GeV, m(1* gen. g)=m(2" gen.q) 1405.7875
3 G—g¥} (compressed) 1y O-1jet  Yes 203 |4 250 GeV m(g)-m(¥) = m(c) 1411.1559
5 2, 3-qaks 0 26jets Yes 203 |% 1.33 TeV. m(F})=0 GeV 1405.7875
ﬁ L §—qq¥i sgqW* 53? 1eu 36 jets  Yes 20 |& 1.2TeV <300 GeV, m(F*)=0.5(m(t})+m(z)) 1501.03555
@ 88 g—aq(Ce/tv/ Xy 2epn 0-3jets - 20 |z 1.32TeV m())=0 GeV 1501.03555
L GMsB (Z NLSP) 1-27+0-1¢ 02jets  Yes 203 z 1.6TeV  tans>20 1407.0603
G GGM (bino NLSP) 2y - Yes 203 |& 1.28 TeV m(T)>50 Gev ATLAS-CONF-2014-001
S  GGM (wino NLSP) Tepu+y - Yes 48 m(¥})>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) b3 1b Yes 48 m(¥!)>220 GeV 1211.1167
GGM (higgsino NLSP) 2¢u(2) O3jets Yes 58 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 203 F'2 scale 865 GeV m(G)>1.8 x 10~* eV, m(z)=m(3)=1.5TeV 1502.01518
S gobbE 0 3b Yes 201 |& 1.25 TeV. m(¥})<400 GeV 1407.0600
g3 gt 0 7-10jets  Yes 203 |& 1.1 TeV. m(t}) <350 GeV' 1308.1841
x E o 01 e 3b Yes 201 |& 1.34 TeV. m(¥})<400 GeV 1407.0600
LR N 0tepn 3 Yes 201 |& 13TeV m(¥)<300 GeV 1407.0600
@e bibibi—bt) 0 25 Yes 201 |B 100-620 GeV m(¥})<90 GeV 1308.2631
XS biby, bhiouty 2eu(SS)  03b Yes 203 |B 275-440 GeV m(¥i)=2 m(i) 1404.2500
S § Aify, i—bYT 1-2eu 12b  Yes 47 |f 1209.2102, 1407.0583
F.'g Aify, = WbE) or 7} 2ep 0-2jets  Yes 203 |#& 90-191 GeV 215-530 GeV 1403.4853, 1412.4742
S8 Ay, hok) Olep 126 Yes 20 | 210-640 GeV 1407.0583,1406.1122
S8 i, il 0  mono-etctag Yes 203 |@ 90-240 GeV m(i)-m(T})<85 GeV. 1407.0608
E, % fif1 (natural GMSB) 2e.u(2) 15 Yes 203 |@ 150-580 GeV' m(¥})>150 GeV 1403.5222
By, ol + 7 3eu 16 Yes 203 |& 290-600 GeV' m(¥})<200 GeV 14035222
IRad 2ep 0 Yes 203 |7 90-325 GeV m(E})=0 Gev 1403.5294
T, X () 2ep 0 Yes 203 | 140-465 GeV m(@) S(m(F;)+m(r}) 1403.5294
S § {T‘&,Xjﬁuﬂ(ﬁ) . 27 - Yes 203 {z . 100-350 GeV . miEh=oc 0. 5(m4):f)‘m({j:)) 1407.0350
DS O ILGY), GTLEGY) 3ep Y Yes 203 o 700 GeV m(F})=m(), m(¥})=0, m(Z, 7)=0.5(m(¥} )+m(¥}) 1402.7029
S iﬁibw}gz?‘.’ 23equ  02jets  Yes 203 | &5 420 GeV mE)=m(E), m(7})=0, sleptons decoupled | 14035294, 1402.7029
i(g)z ) WELhEY, hsbb/WWTt/yy €HY 02b  Yes 203 | 250 GeV M} )=m(E2), m(¥})=0, sleptons decoupled 1501.07110
TS, 005 —lnt e 0 Yes 203 %, 620 GeV MED)=m(E), mE)=0, m(F, 7)=0.5(m(EL)+m(El)) 1405.5086
Direct ¥1.%; prod., long-lived ¥7 ~ Disapp. trk 1 jet Yes 203 i 270 GeV m{FT)-m(P)=160 MeV, 7(¥1)=0.2 ns 1310.3675
E g Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 z 832 GeV m(¥})=100 GeV, 10 us<r(z)<1000 s 1310.6584
S Stableg R-hadron trk - - 191 |2 1.27 TeV 14116795
DT GMSB, stable 7, /-1 i)t n) 12K - - 191 | & 537 GeV 10<tanB<50 1411.6795
S 2 GMSB, ¥—yG, long-lived ¥/ 2y - Yes 203 | & 435 GeV. 2<1(i)<3 ns, SPS8 model 1409.5542
33, X} —qqu (RPV) 1y, displ. vix - - 203 |d 1.0 TeV 15 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-GONF-2013-092
LFV pp—vr + X, ¥r—e + 2epu - - 46 A 10, 4y3,=0.05 12121272
= Bilinear RPV CMSSM 2eu(SS)  03b  Yes 203 1.35TeV m(@)=m@), crisp<t mm 1404.2500
2 xi Iawxz.x‘,’—»eevﬂ, enve dep - Yes 203 [¥ 750 GeV MUE)>0.2xm(ET), A1y 20 1405.5086
TR »WH ) »rtv, ety Bepu+T - Yes 203 | & 450 GeV m(P)>0.2xm(¥7), 413320 1405.5086
&—aqq 0 6-7 jets - 203 |& 916 GeV BR(1)=BR(5)=BR()=0% ATLAS-CONF-2013-091
goht, ii—bs 2e.u(88)  03b Yes 203 |& 850 GeV' 1404.250
Other Scalar charm, é—ct! 0 2¢ Yes 203 |& 490 GeV' ! m(¥})<200 GeV 150101325
=8TeV -1
e [ e ‘ Mass scale 1oV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o~ theoretical signal cross section uncertainty.
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Excluded Mass (TeV)

LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(vj) stopped stop (cloud)
LQ2(uj) x2 HSCP gluino (cloud)
LQ2(j)+LQ2(v) Leptoquarks HSCP stop (cloud)
LQ3(vb) x2 q=2/ge :2gE
LQ3(tb) x2 q=3e
LQ3(tt) x2 neutralino, ctau=25cm, ECAL time
LQ3(vt) x2 0 1
0 1 2 3 4 j+MET, SI DM=100 GeV, A
RS1(yy), k=0.1 J+MET, SD DI
Rs1 (ee.ug). .1 ¥ VET. D D
RS1(j), k=0.1 | MEVT 3
RS1(WW—4j), k=0.1 IJVIET
o 1 2 3 4 1+MET, €=-1, S DM=100 GeV, A
CMS Preliminary HMET, =1, SD D100 Gell A
0 1
SSM Z'(tT) '
ssMzGy) | ADD (yy), nED=4, MS
SSM Z'(bb) ; ADD (eep), nED=4, MS
S L
SsM Z‘(ee)+Z‘(uH) ADD (j+MET), nEl MD
SSMW'(j) - | ADD (y+MET), nED=4, MD
SO W) | NF?::' :E
SSM W' (WZ—Ivil g
SSM W(‘v(\\//vZA‘;j; - Jet Extinction Scale

String Scale (j)

Excited

e (M=A) Fermions
(M=)
g’ (qg)

a*(@v)
br

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM

coloron(jj) x2 " single e, A HnCM
coloron(4j) x2 Mu H'Ijet single p, A HnCM
gluino(3j) x2 inclusive jets, A+
gluino(jib) x2 Resonances inclusive jets, A-

CMS Exotica Physics Grou

ICHEP. 2014

ummar

hannels tied to naturalness

ATLAS Exotics Searches* - 95% CL Exclusion

Long-Lived
[elgilel

Dark Matter

Large Extra
Dimensions

Compositeness

ATLAS Preliminary

Status: ICHEP 2014 [L£dt=(1.0-203)fb! V5=7,8TeV
Model Gy Jets ET™ [ram] Mass limit Reference
ADD Gy +g/q - 2] Yes 47 |Mg ' ' I 12104491
ADD non-resonant ({ 26 - - 203 ATLAS-CONF-2014-030
ADD QBH — fq 1epu 1j - 20.3 1311.2006
2  ADDQBH - 2j - 203 to be submitted to PRD
S ADDBH high Nk 24(88S) - - 208 1308.4075
§  ADDBHhigh T pr zleu 22j - 203 1405.4254
E  RS1Gkk > 0 2epu - - 203 1405.4123
D RSt Gk = WW — vty 2epu - Yes 47 1208.2880
§ Bulk RS Gk — ZZ — tlqq 2ep 2j/1J - 20.3 ATLAS-CONF-2014-039
Bulk RS Gkx — HH — bbbb - 4b - 19.5 590-710 Gev [l ATLAS-CONF-2014-005
Bulk RS gxk — tt leu 21b>1J2 Yes 143 BR=0.925 ATLAS-CONF-2013-052
S'/Z; ED 2en - - 5.0 471 TeV 12002535
UED 2y - Yes 4.8 1.41Tev ATLAS-CONF-2012-072
@ SSMZ' it 2en - - 203 1405.4123
§ ssMZ et 27 - - 195 ATLAS-CONF-2013-066
8 ssMmw o Ten - Yes 203 ATLAS-CONF-2014-017
S EGMW o WZ vt 3eu - Yes 203 1406.4456
g’ EGM W’ —» WZ - qqlt 2ep 2j/1d - 20.3 ATLAS-CONF-2014-039
& LRSMW; b lepu  2b01j Yes 143 ATLAS-CONF-2013-050
LRSM W, — tb Oeu 21b1J - 203 to be submitted to EPJC
Cl 9999 - 2j - 4.8 12101718
G Clgqir 2ep - - 203 e =-1 ATLAS-CONF-2014-030
Cluutt 2eu(SS) 21b,21] Yes 143 =1 ATLAS-CONF-2013-01
S EFT D5 operator (Dirac) Oeu 2] Yes 105 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q  EFT DY operator (Dirac) Oep 1J,51j Yes 203 at90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1% gen 2e 22j - 1.0 LQ mass 660 GeV' B=1 1112.4828
S ScalarLa2 gen 2pu 22j - 10 | 685 GeV. p=1 12033172
Scalar LQ 3 gen temtt 1b1j - 47  |LQmass 534 GeV. =1 1303.0526
Vector-ike quark TT — Ht + X  1eu 22b>4) Yes 143 Tin (T8) doublet ATLAS-CONF-2013-018
§-‘é’ Vector-like quark TT — Wb+ X 1epu 21b 23] Yes 143 isospin singlet ATLAS-CONF-2013-060
§ 8 Vectorlike quark TT — Zt+ X 228eu >221b - 203 Tin (T.B) doublet ATLAS-CONF-2014-036
I & Vectorlike quark BB —» Zb+ X 2/23e,u  >2/>21b - 20.3 Bin (B,Y) doublet AATLAS-CONF-2014-036
Vector-like quark BB — Wt + X 2e,u(SS) 21b,21j Yes 14.3 Bin (T,B) doublet ATLAS-CONF-2013-051
s @ Excited quark g - qy 1y 1j - 203 only u* and d*, A = m(q") 1300.3230
= .g Excited quark ¢* — qg - 2j - 203 only u* and d*, A = m(q") to be submitted to PRD
% £ Excited quark b* — Wt tor2epu1b2jortj Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583
S Eited tepton £ — ty 2epu1y - - 130 A=22TeV 1308.1364
LSTC ar — Wy Teply - Yes 203 1o be submitted to PLB
LRSM Majorana v 2eu 2j - 21 m(We) = 2TeV, no mixing 1203.5420
%  Typelll Seesaw 2eu - - 5.8 1Ve[=0.085, |V, 1=0.063, | ;=0 ATLAS-CONF-2013-019
£ Higgs triplet H* — ¢ 2e,u(SS) - - 47 H** mass 409 GeV DY production, BR(H** — ¢£)=1 1210.5070
S Multi-charged particles - - - 4.4 | mutti-charged particle mass 490 GeV DY production, |q] = 4e 13015272
Magnetic monopoles - - - 20 monopole mass 862 GeV DY production, lg| = 1gp 1207.6411
sl s N | N N | N P
/s =7 TeV -1
Vs - 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.



Signs of neutral naturalness

 Higgs invisible width

* T[ree-level Higgs coupling deviations

 Loop-level hyy, hZZ coupling deviations

e Displaced Higgs decays

 Heavy higgs with reduced couplings, invisible width

Wy, hh, displaced 4b resonances

So far, so good...



What Is the organizing
orinciple’?



Conventional symmetries

(compositeness, SUSY, turtles)

| Supersymmetry l Global symmetry

SUSY breaking
Sparticles m

} =411/G

Global symm. breaking
Partner particles m

} <411/G

Higgs mn Higgs mn
\ 4 \ 4
Continuous symmetries — partner states w/ SM quantum #s
2
2 Yt o

mj, ~ S5 m log(A?/m?)  Totally natural: m < 200 GeV



Orbifold correspondence

[Kachru, Silverstein ‘98, Bershadsky, Johansen 98, Schmaltz ’99,...]

orbifold

Parent theory > Daughter theory

e [nthe large N limit, correlation functions (two-point functions!) of the
parent and daughter theory are identical up to an overall rescaling.

e Daughter theory does not possess all the irreps of parent theory, but still
reflects (up to 1/N) symmetries of parent theory.

e (Given a continuous symmetry solution to hierarchy problem, orbifold
probably solves it too.

* Provides an organizing principle for neutral naturalness.



° —’{5 Caution! 'k—’i“:

CAUTION Orbifold equivalence CAUTION
THISIS SPARTA! s really... THISIS SPARTA!

( TheoryA ) ( TheoryB
| | | | |

| Planar diagrams around | <:{> | Planar diagrams around
Ve \____Im{Vacy)

In general, Vacg=lm(Vaca) for global symmetries.

R

1. We have not yet actually tried to exploit this correspondence directly.

2. Proceeding with caution, leveraging orbifold correspondence more
completely may lead to new lessons.



Unconventional symmetries

SUSY l Global

~Qrbifold ~Qrbifold

} Residual SUSY

Residual global
<4n/G

<411/G

} Residual breaking } Residual breaking

=411/G =41/G
Higgs mn Higgs mn
‘ ‘
v v
Residual symmetries = partner states without SM quantum #s
2 392

Lim?log(A%/m?) Totally natural: m < 200 GeV

th47T



Twin Higgs*

[SU(3)xSU(2)]X[SU(3)xSU(2)]
(7)NSx(9)NS

Zero mode spectrum: SU(3)axSU(3)sxSU(2)axSU(2)ex[U(1)y]

Fermionic top partners charged under SU(3)sxSU(2)s

*Mirror twin Higgs doesn’t need to be an orbifold; bottom-up Z2 symmetry sufficient



Quirky Little Higgs

SU(3)cxSU(3)xSU2)wxU(1)y
X(L)NxM(e)NSx(9)NS
o

y=0 y=T1R
Zero mode spectrum: SU(3)exSU(3)ixSU((2)wxU(1)y

Fermionic top partners charged under SU(3)xSU(2)wxU(1)y



Folded SUSY

N =1 N =1

y=0 y=TIR

Zero mode spectrum: SU(3)axSU(3)exSU(2)wxU(1)y

Scalar top partners charged under SU(3)sxSU(2)wxU(1)y



When do you need an orbifold”

* (Can construct Z2 Twin Higgs (or even Zn Twin Higgs) without
recourse to orbifolds, purely from the infrared: just impose parity
and assume quartic; accidental quadratic global symmetry follows.

 (Oryou can get the parity as an accidental symmetry from an
orbifold. l.e., SU(4)/Z> gives SU(2)xSU(2)xS2. No big deal?

e But orbifolds can also give you approximate symmetries that
cannot be written as exact parities of IR theory. |.e., incomplete
multiplets for Z2 Twin Higgs, or SU(12)/S3—=SU(2)xSU(2)xSU(4)xS2

e Also need orbifolds whenever SUSY is nontrivially involved in IR.

Thinking more about orbifolds will lead us to new theories.



Where to go
from here”?



. Further explore orbifolds: both field theory and geometry

. Fill the last box: totally neutral scalar top partners?

. Outmaneuver Rattazzi: do we always hit color at two loops?
. Explore four dimensions: deconstruct everything.

. Embrace accidents: Accidental symmetries without
symmetries.



Orbifold away...

Much more room for orbifolds, both field theory orbifolds &
geometric completions. E.g., ZnxZu, combinations of
global/gauge/R-symmetries, irregular embeddings, etc.

/2 Inner automorphism /> outer automorphism

G H restrictions G H action or restrictions
SU(p+q) | SU(p)xSU(q)xU(1) U((l)) 1( ) q— —q
SO(p+q) SO(p)xSO(q) p or ¢ even SU(n SO(n . R— R

SO(2n) SU(n) XU((l) Sng—Fq; SOEp;XSOqu R— R, p,qodd p+q=4n + 2
SO(p+q) | SO(p)xSO(q S— 85 p,godd p+q=4n

E SU(6)xSU(2 k.
E, SOElz)?X Ugli SU(2n) Sp(n) R—R
0 Eg Sp(4) R— R
[Hebecker & March-Russell] Eg F, R—R

Rank-preserving ) L— Rank-breaking



Totally neutral scalars”

In folded, take a common SU(2) factor:
LD NHygdug + N2 H, - G872 + N2\ H, a2

SO F-stops are electroweak states;
bounds from Drell-Yan production.

Is it possible to arrange for completely neutral top partners?
A A 2 21 ~B |2 2 2| ~B2
AeHyqs ug + A Hol"|q3 |7 + A Hul" |03
Need to get the scalar potential without an SU(2) contraction

. X . Not impossible; suggests
( Hu . ) . . C,]VB larger parent symmetry and
3

judicious orbifold projection.



Outmaneuver Rattazzi

2 3%2 )‘% 2
H ~Y 2 2m
T g-

m colored

Does UV-complete neutral naturalness always
give SM-charged states at two loops?

E.g., full SUSY or compositeness enters at two
loops above Higgs mass.

True of all current UV-complete examples.

v If true: Essentially a no-lose theorem for 100 TeV
collider, bonanza tor FCC-hh/SppC physics case.



Turtles?

|Batra, Kaplan]

|s there an alternative?

SUSY/CHM
100 TeV\ /
10 TeV  E©SSSSS= ===y
SU(4) x U(1)

\ (@) ~ 1 TeV /

1 TeV \ M .
\ SU(2) xU(1) /
(H) ~ .1 TeV

.1 TeV

Turtles

100 TeV

\ SU(12) x U(1) /
(x) ~ 10 TeV

SU(4) x U(1)
(¢p) ~ 1 TeV

N grows with each level; couplings rapidly grow strong.

Unless theory has good large-N behavior, 1.e. 't Hooft couplings
Ng?, Ny2, NAZ remain under control. Plausible, no examples yet...



EXxplore four
dimensions



Deconstruction

Fairly simple to build 4d orbitolds for global symmetries

O

X

SU(N)
o

ga2nN << gNx N SU(QN))

g =~ gaN
+massive states

What about supersymmetry?



supersymmetry

|Arkani-Hamed, Cohen, Georgi]

Link-gaugino couplings:

N
Z V20! (hi\i — hi_\i_1)v; + h.c.
i=1

(" ™\

SUSY: hi,h. =g
hil, || = hi, h
st (il Wl =g hihi#g

E.g. hf7 hfL — g@w/N Can always locally rephase, but global
) phase exists in circular quiver.
s (2 . 9 [ Na
o= (2) e () -
1. Maximal twist only (gauginos dirac)

2\ na - - - -
2 _ (2 2 (1 2. Incompatible with chiral fermions (S1)
mz < > sin (ZR + 9) L P y




SUSY from SYUSY

|[Falkowski, Grojean, Pokorski]

Py

(A%, x%)

R B :
O S I e

H  H Hy M, Hy_y  Hy, Hy  Hy
Q1 @ Q2 Q2 QOn-1  Ona Qn  Qn

(hNawHN) (vaﬁlN)

gauge and link quark Higgs ) (QN ; @DQ N) (CjN ; O)
m) =0 Alo) e ho)
: nim a a wQ n 7
m(n) = 2g0vsin (35) Aty Oy ( —ioy i, ) o) B
(n)
i (211 Yo, _ VH,, Delete supermultiplet
M(p) = 2gov Sin (—2(2N+1)) I G(n)> (n) —ioy Ut
72 X(n) 2Vt components on boundary

~
1. Maximal twist only (gauginos dirac).

2. Two loop quadratic divergences.




SS IS

[Marti & Pomarol; Kaplan & Weiner]

VD —i9_29>\1 -+ 292§5\1 X 2 \/5(9)\2

Break SUSY with radion F-term

FT a\a FT a\a

1

T
R

Write in SU(2)r-symmetric form

L 1 | . 1{ 0 —iF]
L3 ZAiTO"uau)‘z’ -+ EAZ €k (5k]8¢ + ka]) )\j fzj — 5 (ZFT 0 T)

Rephase \; — e!P1is Aj



So deconstruct radion
mediation Instead

INC, Tim Lou]

©0, ©0 ©1, P ON—-2, PN_9 N—1

‘ Qo ‘ Q1 Qs ‘ Qns .

/d49 EQT ViQ,e~ Vit —>/d49T+TTZQT ViQ,e~ Vit

/d49 S iV er — /d49 TZTT Sl 1. Deconstruct S1/Zz
i i 2. Add radion-type couplings
ge—V CT T+ TJ[ QG—V CT
/d49 Z% A /d49 2 ZJ% " 3.Give “radion” an F-term

1
d* ZtrW“W — @/dQQTZterWm

1
292

T~ —(R+6°F
R( + 0°Fr)



Mass spectrum

©0, P0 ©1, 1
e
2 in (n&) aoz‘ n Q \/§
m - — — | — |~ = T — —
ATJLE a 2R 2R R R a gv
2 g (na) aoz| n Q R — N
m — —|SIN\ —/@m | £ —/—| X — I — —
e a 2R 2R R R \/§7Tgv

Reproduces Scherk-Schwarz spectrum; SUSY breaking is soft
Works to all loops, allows SS spectrum for arbitrary twist.



Full disclosure

Radiative corrections to zero modes:

3 A \°
Sm2 o N——a2021n [ 22
o e ()
- same as soft mass in
5d for finite # of KK modes. Usual 5d result

involves integrating over infinitely many modes.

Deconstruction of SS possible, but finite quiver
loses ideal teatures of 5d picture.



Embrace accligents

Orbifolds provide organizing principle for neutral
naturalness, but somewhat cumbersome.

What it necessary symmetries are accidental
symmetries of IR fixed point?

E.Q. [Sundrum]

-
IR theory contains SM + scalars

A\ H Q53 M| H|?|B|7

Strong dynamics drives
Ao ~ Af




Conclusions

We're in the early days of exploring neutral
naturalness; much to learn.

Clearly an excellent signal generator; excellent
motivation for new searches at LHC.

Orbifolds of continuous symmetries provide a
natural organizing principle tor generalizations.

Many opportunities for exploration; likely we'll
discover more surprising and delightful ideas.

Thank you!



