THE PARTICLE
NEXT DOOR

- A T ﬁQ\P—DOV\IN PERSPEZCTIVE
ON LONGI-LIVED PART (CLES

ROtmom S(Ana(l'am
Univerﬁ"-y of Monrylcmo(



BoTTo0M - P VIEW

o ExPer:meM’S/ Nnard ware, M ethods

for Se,&rc\m'n? for LR at h[jlx\_
eneryy co lidlers  are /would be COOL
AND NOVEL , possibly SPECTACULAR

e Such hinemo\ﬁfca(/ accessible New
Fh\/sics with low rldes May eas]ly
have escafeo{ detection by standacd

searches



o “[hhe weak couvslfr\js +or
Froo(ch/l‘UV\ /O«QCQ\/ %TYV\/{'O >
ma\/ involve SM F\Q\IOF/C?/HISBS
Non-triviall ; oXate \/eJ( be
weak encugh T not be

construined by the host of
Precision F'O\vor/CP/I—Hﬁjs tests

e Rut EFFORT /TNGENUITY/RESOURCES

e urre A .
WHY (S THIS DIRECTION A 600D BET ¢




R OF LIGHT —

A GLIMM
D PARK

INCREMAS (N

MATT ER EXISTS

7 SENS(TIVITY OF

DM DETECTION EXCLUSIONS
SUGGEST DM MAY wELL KE
WEARER THAN WEAK, n rts
couplings v SH,
\ivinj n NEW DARK SECTURS



hAUGE FIELD THEORY
GRAMMAR READILY SUPPORTS
PDARK SECTORS
SM«neu\J%m\

SM: — moactter
NN
0D) ] s ~
uar\Cs
Cl O \ non-SM

/C)’"O\ oS

decwfteod From SM (except
3mvi-lﬂhvv\a“\/)



hAUGE FIELD THEORY
GRAMMAR READILY SUPPORTS
DARK SECTORS
SM- neuwkrul

M -
@
0D) ] s v
uar\KS
Ci O \ ~on-SM

/C)"'O\ s

Re \cx{tvel uncons+rasnoa( exceP‘\' for stable
c,oSmoIc)j\cal ?ofulahons AN e ) DM properties




AUGE FIELD THEORY

GRAMMAR READILY SUPPORTS
PDORK SECTORS

OR vel\/ weakiy (,uu")leo( ‘o SHM



PlaMsib‘\/—> HIDDEN VALLEY

Strassler, Zurek O;L
- BSM Htjﬂs mechanism

/N

\/\] H!jjS M ecV\OI/\lw

C\/\a ek
7 2% Sedt)r’
_ B
(V\Ol o Mo icC))uFMIS/j
’oe requﬂ/J /(Ae derk nmatter



STRENGTH in WEAKNESS

- Mec/l\o&cr X (V\rmal
/N
es
modl erutle
hieroe hy
-~
- h P =aMeV
( me{ teble ‘-\é- o
_ g _ LL.P - Q'
Dark S\*d“‘“‘“" SM
Sectur

Cdashed lines = Viweak)



RUT WHY > TeV SCALE?

- MQUMO&UF X (vermal
VAN
rates
mod erutle
V\fvrar lny
—_—
[/ _ «-
Metstuble ~
— ¥ LL.P - &/

Dar k. s\aec-\-c«cudar' <M
Sector



NATURALNESS

ODF EW HIERARCHY
STRONGLY MOTIVATES
BSM PH\/S\CS 2 Vweak



NATURALNESS

OF EW HIERARCHY
STRONGLY MOTIVATES
BSM PH\/S\CS 2 Vweak

NES, T BELIEVE!



ATRSENCE OF BSM

THUSFAR . -
—> EW NATURALNESS

IMPERFECTLY REALIZED
M onnetural Z few 100 (he\V




LITTLE HIFERARCHY P

can = LLPs OPORTINITY |
AE ANQ‘N“Q‘KZ-"\ Cvrtual)
New Ph\/ 1S
Little. T cc\haler rayes
\r\ferar hy
B h P =aMeV
me?shblc“\é— o
e LLP,™ — Q'
\\jht \/eshgﬂ SFed“m‘ar M
hierarciry.

Probem solution Cdashed lineg = V. weax]



MOST POWERFU(L & ELEGANT
NATUR A MECHAN (SMS

SUSY
R3L /CJYV\POSH'C /—Jr(jjs

QC(U\'NC(\QV\J[ \I\t'ct HU(S/CFT duqu-y!

exhibit tensioms with
“low' energy Aato

(€ they appeared < TeV




+ —~ - \StoP

() |
/

- - \
q T

h

has M]FFtLtu accuma(/(otﬁynj
M _=125G0eV with Full naturalness,

msupcrparh\ers é’re\/
But tensims disappear for Mg~ 10 TeV



RS1/COMPOSITE HIGGS
< also a THEORY OF FLAVOR

— ”?F—WRT\F—\\__ COMPOSITENESS” gﬂg? Hlo, Prmacsla

T MSD Curvature =

s
U% REDSH I FT> t /\/ﬂ”/?& ’ )
| | p
\ W~ ///

/<—“’" S th o“/\f\ow{(’wn —>



Towerful eneralized i M

but  Flavor P/EW tensions
pecsist FOr Mkr jemposites & TV -
Tens\ons disappear mKK/W()%loTe\/

%VMJI \/VV‘
J 5D Curvature = v Reren-2u
U REDSH / FT ALJ"AY Lodcme/
> t/ Nardecchia,
| r Paf[’ao(opulo/
y Rattazz?
N TV kK Veccli 712
/ (flavor

72/__// V cmstrants)

/<————— S th oﬁ/\f\owﬂ’m —



N e utrw| Naturalness

Twwn \Jﬂ.fﬁs Cinedko, (noh, (tar MK 06 Folded §U5\/ Burdman, Chacks,
.- . &
(Mm\ma”\:ro\fema( Twin Hlkfé%s ’ (roh, Farnik 106
t

/\E caia, Ka le Sundrum
Civ( tz , Strassle SM—C‘/\GP 004
+ few eV _ new F"\Qsics
(Muu—i-—(uov) nafamlr\?SS>
Loy 4. = Ptwin Moot
{win W ( HOQP Nnotural /\efs)
O
| 7 t
. twin = =
€win T <« h F(‘que\l
3luebo\“$ - —~
LLP,™ -
' —tocular
F\ \jWg vestiqes Sp¥ <M
or Yhierarciry.

Problem soluthion



= I,onj lived twin 3“&6 bal |s

O'V'\‘SW"“ twn
'lg(ﬂe\/ cj\u\cloaus » _
::: ‘t \( tfu:j - o
h . +win
alwms (Fraction ot ‘\<,\“9
/ —_
of hoiecmys) ah]‘//}e C

C,ra'\j ) Katz, Strussler,Suncheum /|5
(Presqcaed lo\/ :ru,‘ﬂne\/i(«h /(0) ‘
FOLBED SusY varriant : Curtin,Verheaaren 1



LLPs AS CONTROL KNOBS
OF THE UNINERSE

LLPs can naturu \l)/

chm\/ out oF
eiuflibrium in the
Eo\rl\/ Universe , C‘nmnﬂfr\w,
its course & comtents



“THE OTHER WIMP MIRACLE

DorK Matter WIMP Miracle
’ﬂnermall\/ Fr‘oduc,ea{ stable WIMB
Wirt ~ wealk-1sh annmb(lahions
woulod Freeze out of equilibrium
to ~ observedd abundance

Yy 4
ﬂ ~ np M) M mediator

2 - \ 4 ¢
m\mﬂP ‘ QV

SM ,
— /w)M" ,_L/ searches

colliders
SM ~N




“THE OTHER WIMP MIRACLE

&P\/Ojeﬂegis FOP N‘MPS Cu]/Sundm,}m%
“Thecanall Fmdu&o{ metustable WIMPs
D weakish annthilahomg would

freeze out of equilibrium o ~ L2,

BUT LATER | SM barym-
wim?P @ anti barym
— ASYHMETRY
m

=&
Q bCA r\/UY\ ,C/F( ()v\' ﬂ?:’u”(::\ ﬂw.np
|

7 Qb@\“ym / obse rqeo(



FINDING OUR PARENTS
Baryogenesis WiMP = Weok Scale LLP

A notther robust WIMP search

for LHC, ana\:)ws +o DM

~ y Cu San{ﬂAV‘« ‘3
searches ¢ S

7 .
\ wm\’ 7 tw.m,> tpneuauf
v | o P ~J10) l"\:gz, ~ mm

rote Winp — Q, Mump

P i ey

dtsﬁaceok \ ‘L



PHILOSOPHICAL
INTERLUDE. -.

IF A TREE FALLS IN THE
FOREST, BUT MNo oNE
IS AROUND TO HEAR n'/

DOES IT MAKE A SOUND?



d noctural (nm-minimal SUSY) WIMP | 'Saryogeneg.g models

Cuir Sunghecum 13

’5(,& RPV MSSH (’ea‘tla‘hm = nadural VS, an‘ﬂnmpcctens‘m

Cui V5 -
E N AMod—urahz.m (vctual )
4+ 100 (e SUSY sc.a\ars
. S>> eV
Litfe SC;FS >t
L‘h' e Ckrdf‘Y LLP FreeLCout
= @cmyogenes«s |
@r‘ob [em 7)
SVSYiferMLmS
k mehs{—ablf\
LL.P IR,
light veshges <M
jhlerarcg\

Probem soluthion Cdashed lineg = Ve weax]



3 per Fect! v nattural parts of MSSM pocumeter space

(Mu(t(uerse) but they arc
BARREN OF RARYONS!

E N - Cui’13
T o0 TeV M scedars ~TeV

fural (2 = T< tFretzcauf
—_— tal ( I :
‘es\/usyt\skcl,a(ais - —> WASHoUT

/‘ \ Wis
SusY ferm /LUW\ o
“metastuble
W)

l{gt vestiges <M
of Inieronch

hierarchy. —
problem solutt;m  [CUashed lines = Viweak)




CONCLUSIONS
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