(sowe)
Natural Theories of the Electroweak Scale

kiel Howe Stanford howek@stanfovd.edu
SLAC ATLAS PhysSics Jawbovee, [I/12/14

based on...
Savas Dimopoulos, K.H, John March-Russell. Maximally Natural Supersymmetry, arXiv:1404.7554.

Savas Dimopoulos, K.H, John March-Russell, James Scoville. arXiv: 141 | XXXX
and works in progress....


mailto:howek@stanford.edu
mailto:howek@stanford.edu
mailto:howek@stanford.edu
mailto:howek@stanford.edu
mailto:howek@stanford.edu
mailto:howek@stanford.edu
mailto:howek@stanford.edu

. Divae |

| Gauginos |

| Natuval | ‘

'¢ Low-Scale |

. wedidtion | /.

) & A\ v
. . 2
S ] ‘ 3
o S/
* o
; 3
k ; ;

H

| Singlets/ |

(N)MSSM

B | Extensions ;v

| Grau«ge |

: vectov-like j
1 Matter |



N3t

| auginos |

| Natwval ||
Stectvuw :? =

' Low-Scale

. wedidtion ' /.

i . | sglets/ |
~ T L (NMSSM |

| Gauge |
| extensions ;‘,

V Mattev
- Tuning of EW Scale ~ (%o

(see e.g. Avrvanitaki et al. arxiv:(309.3568)



Supersymmetric Theory Space

) Divac , . 7 N 7 N , Singlets/ ' ,
¢ Gauginos M it R TIPDPEIOIR TR Ss L (NIMSSM
Natuval &auge

Spectruw s ’ L Extensions |

Low-scale

l vector-like "
Matter

.\ wedigtion |




d Low-Scale

ke wediation £ <

Supersymmetric Theory Space

277

. Maximally
Natuval ,
SuSY i

Natuvralness
tetrahety,

£ Singlets/  §
et OISR

| ey 277
'y ” Extensions I ??°°

L Natural ‘
Spectrum

P " l vector-like
TR Matter

277

277



Outline

\ . Gauge, Higgs,

3vd Gen
, ISt + 2nd Gen

C — 0
R~ 1/(4Tev) ~ 1/wigosy

See: Delgado, Pomarol, Quiros '98; Antoniadis, Dimopoulos, Barbieri, Hall, Nomura ‘00, '01; Hall, Marandella, Nomura,
Pomarol, Quiros '99; Delgado, Quiros, '01 et. al. '02; Barbieri, Marandella, Papucci, '02,’03;



Outline

— I — S N — p— - — e e —————— .

|\
4 n-dimensional bulk
fundamental scale:
M, ~ 10 TeV — 50 TeV |
(mM,R ~ 20)

(Pevturbativity)

4D SUSY ED SuSY
{ ' Gauge, Higgs,

| 3rd Gewn
, ISt + 2nd Gen

| C — 0
| R~ 1/(4Tev) ~ [/wiges,

\
\\\ - 7 -

= = e
— — = —

See: Delgado, Pomarol, Quiros "98; Antoniadis, Dimopoulos, Barbieri, Hall, Nomura ‘00, '01; Hall, Marandella, Nomura,
Pomarol, Quiros '99; Delgado, Quiros, '01 et. al. '02; Barbieri, Marandella, Papucci, '02,’03;



Outline

- — = - - — ————

) N
s -~dimension
f | [ (1) Natuvral Spectvumwm §vow v ;m:amse:n?ca\as\ca?:\k
Scherk-Schwavz SUSY ] M, ~ 10 TeV — 50 TeV
‘ (MR ~ 20) N
y s"D U Y (Pevturbativity) |
4D SuSY S, S «
| ' ' Gauae HiqqS
* 3¢d Gen \ > 692 '
| N ISt + Zn en
i O 7 - O
| R~ '/(4'TeV) s ‘/W\SO’H;
\ ,
N S

—

See: Delgado, Pomarol, Quiros "98; Antoniadis, Dimopoulos, Barbieri, Hall, Nomura ‘00, '01; Hall, Marandella, Nomura,
Pomarol, Quiros '99; Delgado, Quiros, '01 et. al. '02; Barbieri, Marandella, Papucci, '02,’03;



Outline

— — - = —= — N

N

e n-dimensiond| bulk

i [ (1) Natuval Spectrum from fundamental scale:

| Scherk-Schwavz SUSY ] M, ~ 10 TeV — 50 TeV

\ (M, R ~ 20)

¢ 5D SUSY  (Ferbubstivity
4D SuSY

— =
Grauge, Higgs,

* 3rd Gen N4
| ) st + 2nd Gen
c @) brane |R ~ 1/(4TeV) ~ (/wigoe,
collider Pheno]

\\ /

—————— e
—

See: Delgado, Pomarol, Quiros '98; Antoniadis, Dimopoulos, Barbieri, Hall, Nomura ‘00, '01; Hall, Marandella, Nomura,
Pomarol, Quiros '99; Delgado, Quiros, '01 et. al. '02; Barbieri, Marandella, Papucci, '02,’03;



Outline

=S _ — — — — S — — = = i:\'\\\

N
/7 n-dimensional bulk"
| [ (') Na'l;U\\(a\ S?eC";VMW\ ‘?YOVV\ '?MV\daV\I\ev\‘ba\ scale:

| Scherk-Schwavz SUSY ] M, ~ 10 TeV — 50 TeV
\ (7M. R ~ 20)

(Pevtuvbativity)

r.\—-\ \ ' [ (3) bulk collider
G\'auge’ HiggS,

| 3vd Gen Phevo ]
‘ , ISt + Znd Gen

| C —O0
[ (2) brane R~ 1/(47Tev) ~ [/Wheosy

collider Phewno]

\\

\\\ ) o e - - 7//

_ —
— — ——— —

See: Delgado, Pomarol, Quiros '98; Antoniadis, Dimopoulos, Barbieri, Hall, Nomura ‘00, '01; Hall, Marandella, Nomura,
Pomarol, Quiros '99; Delgado, Quiros, '01 et. al. '02; Barbieri, Marandella, Papucci, '02,’03;



[ (1) Natuvradl Spectvumw frow
schevrk-Schwarz SuSY]




“Maximal Scherk-Schwarz Twist”
“ S1/(Zy x Z5) orbifold




“Maximal Scherk-Schwarz Twist”

0 s “ S1/(Zy x Z3) orbifold

- 4+ A FULL kk TOWER
kk Excitations o§f MSSM.-..




Tree-level Scherk-Schwarz Spectrum

Huy Hd
SU(3) x SU(2) x U(1)

— 0

Yy =T7TR
L Direct & universal
2R bulk soft masses

Dirac Higgsino and
Gaugino Masses

~ ] ~C ~~ ~C
m g HH mA)\)\

fSO f1,2 (fZQ7u7d7l7€)
y:
_ 0 _ 2 _ 2
——— ———= mf —m)\ —mH
- —= m2~ —m2 —O
f3 - hu,d

AT

locality bulk zevo

wode

(\ead’mg flavor frowm SM kk see
). March-Russell | Garcia-Garcid (409.5669)



Tree-level Scherk-Schwarz Spectrum

Huvﬂd
SU(3) x SU(2) x U(1)
f1,2 (fZQ7u7d7l76)

fSO . — o
Yy = y=mR
1 . .
2 2 2 Direct & universal
S m~=1MM< =M ~ = ——
f A T H  9R bulk soft masses
No tvee-level Dirac Higgsino and
g tuw\’\V\g{{ GaU%in? l"lasses~ i
j mgHHC my ANE
2 2
—— mfg — mh%d — 0
\Oca\'\-l;\j bulk zevo (leading $lavor §rowm SM ki, see

W\Ode ). March-Russell | Garcia-Garcid (409.5669)



Tree-level Scherk-Schwarz Spectrum

Huvﬂd
SU(3) x SU(2) x U(1)
f1,2 (fZQ7u7d7l7€)

e —90
=

Yy =T7R

) 2 ] Direct & universal
! A r H  9R bulk soft masses

No tvee-level Dirac Higgsino and
g tuw\’wngf GaU%in? l"lasses~ i
l mgHH® mzA\°
N m2~ — m2 — () \
/3 hu,d No SuSY
/ / $£lavovr problewms
\Oca\i‘b\j bulk zevo (leading flavor §vom SM Kk, see

W\Ode ). March-Russell | Garcia-Garcid (409.5669)



Loop-level Scherk-Schwarz Spectrum

I-loo?p \H H,
‘f‘ SU(3) x SU(2) x U(1)
) f1,2 (f — {q, U, d7l76)
e — 0




Loop-level Scherk-Schwarz Spectrum

I-loo?p H, H,
‘(\ SU(3) x SU(2) x U(1)
) f1,2 (fZQ7u7d7lve)
e — 0

| - l-\O‘O? wasses:

| 2 2
~ 92 g 2 A

',‘ ~ TeV)“1

t " 167’(’2( eV)”In TeV?




Loop-level Scherk-Schwarz Spectrum

I-loo?p \H H,
(“ SU(3) x SU(2) x U(1)
fiz (f=qu,dle)

l-\O‘O? wasses:

2 2
~ 2 9 2 A
~ 163 (TeV)~ In

2 _
( 1 y 1) > /R ~ 4 TeVv fov watuvral
wedk Scalel



Loop-level Scherk-Schwarz Spectrum

I-loo?p \H H,
‘(\ SU(3) x SU(2) x U(1)
. f1,2 (f — q, U, d7lae)
fSO _ o

| - l-\O‘O? wasses:

| 5 A2
o~ L (TeV)?In
| 167

2 ( 1 " 1)2 > /R ~ & Tev fov natuval
wedk Scalel

2 2 -
1 1 1 Large StopP-gluino
2 ~~ ~

(9luino doesn’t Suck)



Overall Spectrum

A
SMWKK excitations
I/R ~ 4TeV N =2 SUSY superpartners{

— divect
" tree-leve| SSSB

Gauginos + higgsinos
1st/2nd family sfermions

& /l—\OO? SS5B

trL.R, 0L R

1/2R ~ 2TeV

~ 0.7TeV

7~_R7 hd

~ feW O.lTeV 7:L7 ﬁSL




A
1/R ~ 4TeV

1/2R ~ 2TeV
¥

~ 0.7TeV

~ few 0.1TeV

N = 2 SUSY superpartners

Overall Spectrum

SM WDKK excitations {

— divect
" tree-leve| SSSB

Gauginos + higgsinos
1st/2nd family sfermions

/l—\oo? S55%

— > T ~/R” COU\?\\V\SS

TR, hy /4 (av\\j OVdeV\V\S ?OSS\b‘e

L. Vst for 3vd genevation)

trL.R, 0L R




[ (2) Brane LHC Phevo ]

1) UV complete Nat., SuSY
Simplified Model
11) Non-Standavd Nat.
SUSY Phenowenology



3rd Generation Sfermion Signatures
—_— [ 9luiro, neutralinos, higgsnos
S ~3-5 x Stop wass
tr p.br R colored productiown
ERY y /
R ———— &« dominant?



LSP Candidates

Natuval candidates Sov LS?:

— 1 N

‘) wX 7—) V3 3) Ghulk

Brane-localized Brane-localized n-dimensiona|
of X SuSY bveak’w\3 Sweutvino

(Fx~: /R ) (tC)

e
14

(bulk c\eca\j kinematics
displaced vertices ---)



LSP Candidates

Natuval candidates Sov LS?:

I\

‘) Vx 7—) V3 3) Gbulk
Brane-localized Brane-localized n-dimensiona|
QO\dSt]‘V\O \e‘\:'h hahded ®ULK States
of X SuSY bmakiwa Sweutvino
(a—y (<)

(bulk c\eca\j kinematics
displaced vertices ---)



Y x LSP: UV Complete Natural SUSY Simplified Model

tR t il ;R t
L]
L] -~ - - . . . ~ ~y ~ -~
-,
T
~
~ _
. /
0 Tk
X T 1
-3 < =
Y,
Mx ~ 1~ 100 GeV Ix ™10
L1, production, B(L, — 5. )=100%
; 500 L) L) T I Ll l L L Ll L] I L] L L) Ll l L) L L Ll l L} 1 T Ll
8 450 ATLAS = Observed limit (+1c}7")
'T,'\__ _ r _ ===~ Expected limit (+10,,)
E 400 JLdt-20'1 for,Vs=8Tev ___ Observed limit (2011, Vs = 7 TeV,
All-hadronic
350
300 All limits at 95 % CL
250
200
150
100
S0E
N VAT T .
900 300 400 500 600 700 800

ATLAS arxiv: 1406.1122



Y x LSP: UV Complete Natural SUSY Simplified Model

- tR t il .o t
~ il S
L] ~ ~ - L]
~ .
T
N
~ o ~
¥ TE
X Ty 1
Y
Myx ~ 1~ 100 GeV I'x — 10
L1, production, B(L, — 5. )=100%
; 500 L LA (L S S By B B S S (N B B B B R R BN - iivcf:-vu‘:«‘:‘i-!v~x_1'“:i"t>v:~c(r ) A”T-?:'H:'u—rﬂl‘-'
K P ATLAS m— Observed limit (+165,o) € [ ATLAS S5 Exmcted et 21,
._‘- _ -1 _ ==== Expected limit (x1o_,) ¥ - S e = Coeervesam 1650
E 400 JLdt =207, Is=8TeV ____ orvedimi (2011, Vs = 7 TeV,] o0 - AR e o4 09% O y
All-hadronic - ! : ]
350 : 0
300~ All limits at 95 % CL ;
HiggSno? 250 | ST |
i 600 800 1000 1200 4400
&Va\/.\'l;.lV\O'? ‘ 200 _ _ m(F) (GeV)
| 150 g — 1t + X ?
100
50

: N
R i i
1 1 ; ’ I s /l 1 l 2 s 1 2 J 2 1 1 2 l 2 l:. 1 1 'E‘ 1 1 1 1

1300 400 500 600 700 800

ATLAS arxiv: 1406.1122



Y x LSP: UV Complete Natural SUSY Simplified Model

x

Mx ~ 1~ 100 GeV

L1, production, B(L, — 5. )=100%

; w Ll L} T I L l Ll L L] L] l L] L} L] L] l L} L} L} Ll l Ll Al Al Al
8 450 ATLAS —— Observed limit (Lﬂof‘:;;:,)
“aur _ 4 = ===~ Expected limit (+1a,,)
E 400 J‘Ldt-20'1 for, s =8 TeV - === Observed limit (2011, Vs = 7 TeV.
All-hadronic
350

All limits at 95 % CL

5
-

4400
A m(F) [GeV)

“vanilla” simplified wmodel

N AT P l CH caytuves ‘\:U\‘\ DAV COW‘?\ete W\Ode\!
300 400 500 600 700 800

ATLAS arxiv: 1406.1122




Tuning [ U(1)’ variation ]

UNING ()
Fov ~700 Gev Stop %

NoO 1

oS/Squavks

ev Glu

v

~(0% Tuwned
within LHcI3 Reach

1/R (TeV)
“Maximal” ~saturates one-l0op tuning

h-

2
t



LSP Candidates

Natuval candidates Sov LS?:

— 1 N

‘) wX 7—) V3 3) Ghulk

Brane-localized Brane-localized n-dimensiona|
of X SuSY bveak’w\3 Sweutvino

(Fx~: /R ) (tC)

e
14

(bulk c\eca\j kinematics
displaced vertices ---)



LSP Candidates

Natuval candidates Sov LS?:

\
3) Ghulk

n-dimensgional

BULK states

7—) Vg
Brane-localized

le§+ hawnded

snweutvino

;

1) ¥x

®rane-localized

3o\dstiwo
of X SuSY breaking

(‘:x'vl/’llZ )

(bulk decay kinematics,
displaced vertices ---)



1’3 LSP: New Signatures of Naturalness?

tL.R,OL R

..tR 7 t
TR "'~£
_ UV
TL, V3L T
~ 1
lR
b Tt t
S~ -
~ 4 ~~. /W
~~'ﬂ %R ~~~~~~ ~
1%

3—boc\\j Kinematics +aus + b's $inal states -
té~~~ / | \?educed MET? \ ATLAS-CONF-20(4-014

]:] Alves et. al. arXiv:3(2.4965 ATLAS-CONF-20(3-02(



l [ (3) Bulk LHC Phevo ]




LSP Candidates

Natuval candidates Sov LS?:

— 1 N

‘) wX 7—) V3 3) Ghulk

Brane-localized Brane-localized n-dimensiona|
of X SuSY bveak’w\3 Sweutvino

(Fx~: /R ) (tC)

e
14

(bulk c\eca\j kinematics
displaced vertices ---)



LSP Candidates

Natuval candidates Sov LS?:

—

) Yx 2) U3

Brane-localized Brane-localized n-dimensiona|
of X SuSY bmakiwa Sweutvino
(e=—0) ("<T) )

(bulk c\eca\j kinematics
displaced vertices -.



Decaying to the Bulk

| R~ [/Tev

L ~ |/GeV - [/weV

———————  »



Decaying to the Bulk

MSSM

e ——
/7
\
|
i [e§Sective 3-brane]
Wigost~Tev
‘\\\‘ e - /

— ———  »

L ~ (/MeV - [/wmeV



Decaying to the Bulk

MSSM

// f ? — V S

Wipu ~ /L
o
i [efSective 3- b\(ahey \
Wigost~TevV
: Bulk States
\ (Gnrav\tmo ’Photmo AXWNO.. )

— _—— e

>

L ~ (/MeV - [/wmeV



Decaying to the Bulk

MSSM

// f ? — S

Wipu ~ /L
o
i [efSective 3- b\(ahey \
Wigost~TevV
: Bulk States
\ (Gnrav\tmo ’Photmo AXWNO.. )

— _—— e

>

L ~ (/MeV - [/wmeV



LOSY
M

Auto-concealment!?

visible spavticles Bulk sparticles
A | A

— - \

|
(Extends to M, )




MLoS? (Te\/)

Decay length
(1) Pvompt (2) Displaced
/

/

LHC

30F ! ’
[ i Afito— Ney Searches for \
L I . 3
2.5 ICongealment Extra Dimensions
Wi
i 1
20" i
- 1
1
1
1
i
1

1.5 contact i

I tord
7 opera 0rs= E E
10 : & Q
! | 8 S
f i Q 2
05" :
- i
|
|
] |
10° GeV  10*°GeV 10° GeV 10°GeV 107 GeV 108 GeV 10° GeV

Mk (bulk codimension d=4)



Prompt Auto-concealment?

3.0
i q,.’b( \
2.5j b// \ // .
2.0 y
= :
S 15 '
1.0
05
00— —————— ==
0.0 02 0.4 0.6

x=m,/M

W) ~ 0.8 (Wgyop W)



i1, production, i, b1 E 11> ¢ A WO T /it 3

Prompt Auto-concealment!?

dI’/T

Status: ICHEP 2014

0.5

0.0

>
o

1]1"11]"1"'["'[['[[l[llll]li

ATLAS Preliminary 1, =201"15<8 Tev

g?_ t!f
—.!,-bti‘
-ty
-
Ebtry

- QObserved imits
All limits at 95% CL

200 300

oL [1406.1122)
11 (1407 06K
2 (1403 4853)
IL[1407 0583), 21 [1803.4853)
OL [1407 0008]
oL 407 0000], 1L 1407 050

===+ Expected limils

400 500

L, =471 1s=7 TeV

oL [1200.1447)
11 [1208 2600]
2 [1200 4135)

Illlllll;ll

=llll Illl

Ll llll llllllllllll llll llll*lllllll

600

700

rg—

W\S{;o?

)
@)
o
o0
[E—
)

x=m,/M

W) ~ 0.8 (Wgyop W)



Prompt Auto-concealment!?

30

2.5

20

dI’/T

1.5

1.0

0.5

0.0E: ‘

>
o
o
(\9]

i1, production. i, b F 7 /15 c°A,> Wb /1> 17 Status: ICHEP 2014

LI B B L B B L L L L L N B B LA
ATLAS Preliminary 1, =201b"15<8 TeV L, =471"15=7 TeV

450 .ty oL [1406.1123) oL [1200.1447) ]
.t 11 (1407 06RY) 11 [1708 2650 .
-ty 2 [1403 4853) 2 [1200 4185) ]

400 L wb 3 IL[1407.0583), 2L (1403.485Y :
- 'ci: (L [1407 0609] .

350 ERbtry oL [1407.0008], 1L [1407. 03630 _:

= QObserved imits =-=- Expected limils
All limits at 95% CL

&5
ol 4
&* .
x ’
’

| ; w\
200 300 400 500 600 l7<l)oj l S‘LO?

rg— a e

)
@)
o
o0
[E—
)

x=m,/M

W) ~ 0.8 (Wgyop W)



o(pp—igig) (pb)

10.00}
5.00F

1.00F
0.50F

0.10f
0.05F

0.01f

Prompt Auto-concealment?

g
-
1T

vvvvvvvvvvvvvvvvvvvvvvvvvvv

[prelimindry]
(40 XXXX

— d=6 Texcluded
— d=1 Cexcluded
— OMssM

-- validation

— ATLAS13-024 Texcluded

x=m,/M

W) ~ 0.8 (Wgyop W)




dI’/T

3.0

2.5

2.0

1.0

05"

0.0

Displaced Signatures?




Displaced Signatures?

30
2.5+

20

dr/T
n

1.0+

05¢

Low-Scale GMSD



Displaced Signatures?

2.5+

dr/T
n

05¢

Low-Scale GMSB
wino LS?Y



Displaced Signatures?

o0& 02 04 06
x=m,/M
Low-Scale GMS® \\

~S?Plit SUSY &luino wino LS5¥



MLoS? (Te\/)

30F ! | |
|
[ ! Auto-— New Searcljes for \
1 . -
25¢ IConcealment Extra Dimejsions
| |
|
20" !
i
- LHC 4
1.5 contacti
- operatorsj S
L I Yoo @ ’b‘
f S) O
10 i §/ S
- I Q? ) 0‘30
f i Q
0.5 i
|
|
|
I 1
10°GeV  10*GeV  10°GeV 10°GeV 107 GeV 108 GeV 10° GeV

Discovering extra dimensions!?

StopPped v Detectovr?

Mk (bulk codimension d=4)




4D SuSY
o~

3vd Gewn

C

Conclusions

n-dimensgional bulk

ED SuSY
o~

Gauge, Higgs,
ISt + Zwnd Gen

@

R~ 1/TeV ~ mgoey



Conclusions

- - TN\
n-dimensgional bulk

) Locdlity + Low-Scale of SSSB
Protects watuvral Spectvuw

= =
3rd Gen ':“‘Eez, :‘323,
n en
C

@

R~ I/TeV ~ wigye,



Conclusions

N
V£ 4 n-dimensional bulk>
i ) Locality + Low-Scale of SSS®»
y Protects watuvral Spectvuw _
\ !
\ ED SuSY |
, 4D SuSY |
ﬁ—-‘ h |
‘* 3vd Gen Tauge, Higgs, |
\ ; ISt + 2nd Gen A
| C
2) 3vd Gewn SSermions ’R a ‘/’l-e\/ > W\SO-H;
(1) untuned Simplified
Model
(W) heavy higgswos: | g
S—bod\j deca\js | o |




Conclusmns

/7 - c\\wer\s\ovxa\ bU\\

) Locdlity + Low-Scale of SSSB
y Protects watuvral Spectvuw

“ 3vd Gren '&z%e' :"925'
| St + Zn en
| C

(1) untuned Simplified
Model
(17) heavy higgSinos:
3-body decays

3) decays to bulk
(1) auto-cowncedlment
(1) new displaced awnd

Stopped Signatures

O

2) 3vd Gen Sfermions ’R >~ ‘/Tev > W\SO'H;



Conclusmns

- \
n- C\\W\eV\S\OV\Q\ bU\\

V£ 4
| ) Locality + Low-Scale of SSS®»
y Protects watuvral Spectvuw

3) decays to bulk

4D SuSY
o~

| 3vd Gen

| C

2) 3vd Gewn Sfermions
(1) untuned Simplified
Model
(17) heavy higgSinos:
3-body decays

: S?ect\ra :

Grauge

i unification |

ED SuSY
o~

Grauge, Higgs,
ISt + 2znd Gen

R~ (/Tev ~ w\so%

: j Bulk States }
I vaviations | i 1

(1) 3uto-cowncedlment ||

|

(1) new displaced awnd
Stopped Signatures

@

| Higgs Mass |
I =>Phevo |

wovrk n progvess w/
| Gavcid-Gareid, ). Huang, ). Scoville,
S.Dimopoulos, ). March-Russell



QuesStions?

[®ack-ups]



125 GeV Higgs!?

Maximally
Natuval
SuSY

vectov-like f-
T Matter |

(---ov StopPs > ~3 Tev?)



2 2
my X R

EVWSB!?

0.002 -
0.001
0.000
~0.001

~0.002 -

1/R (TeV)

| .Fx’V‘/RZ

-I;Yi%e\rs EWSH



Extra Contributions to Soft Mass?

C O

Radius stabilization?

€.q. bulk casimiv enevgy

stabilization: + ~Vvanishing 4D cc

o~ ()
N

Brane-localized X
-FXN'/’RZ

C — 90




Extra Contributions to Soft Mass?

C O

Radius stabilization?

€.q. bulk casimiv enevgy
stabilization:
=+
U ~ — <_> (comparable to -loo?)

v

o P} 1 1\’
~ NY ~Y S >< -
’ﬁ\j T2 T \20 7 R

Brane-localized X Pl
Fonl /R (WM*R ~ 20 §ixed by perturbativity)

C —— 0

~va\n’\shin3 4D cc




2 2
my X R

EVWSB!?

Total Schevrk-Schwarz contribution:
NO EWSH

-loo?p electrowedk

0.002 —
0.001 -
: i 2-\oo?
0.000 - stoP-aluino
M AU SRR , Y9

~0.001 |

0002 &
2

1/R (TeV)



Softness of Scherk Schwarz
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Softness of Scherk Schwarz
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EWSB & Max Natural SUSY

How EWSB works:

s = qai (30 Crliygh + it

1=1,2,3

For light scalar modes & EWSB higher-dimension operators also make important contribution
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Amusing Possibility for 126 GeV Higgs
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For stop mass ~3TeV & 10TeV gluino (~ 3% tuning) successful Higgs mass
without need of U(1)’ sector as model automatically realises tan 5 — oo
limit without flavour problems



Discovery Reach of 100 TeV

squark-gluino stop-neutralino
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LHC 14: Probing MSSM-like theories much worse than 1% tuned, and Max Natural SUSY

in dominant region of parameter space

100 TeV Collider: Probes MSSM-like theories at 0.01% level, and can discover simplest Max
Natural SUSY in regime giving 126GeV higgs at ~3% tune



