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SUSY 2009 (Boston, USA)
SUSY 2008 (Seoul, Korea)

SUSY 2007 (Karlsruhe, Germany) cf

SUSY 2006 (Irvine, USA) .

SUSY 2005 (Durham, UK) 33 ICHEP

SUSY 2004 (KEK, Japan)

SUSY 2003 (Arizona, USA) 2/ Lepto_n Photon
SUSY 2002 (DESY, Germany) 27 Neutrino

SUSY 200! (Dubna, Russia)
SUSY 2000 (CERN, Switzerland)
SUSY 1999 (Fermilab, USA)
SUSY 1998 (Oxford, UK)

SUSY 1997 (Pennsylvania, USA)
SUSY 1996 (Maryland, USA)
SUSY 1995 (Paris, France)
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The following data are averaged over all light flavors, presumably u, d, s, ¢ with both
chiralities. For flavor-tagged data, see listings for Stop and Sbottom. Most results
assume minimal supergravity, an untested hypothesis with only five parameters.
Alternative interpretation as extra dimensional particles is possible. See KK particle
listing.

SQUARK MASS

VALUE (GeV) DOCUMENT ID TECN COMMENT
538+10 OUR FIT mSUGRA assumptions
532+11 'ABBIENDI 11D CMS Missing ET with

mSUGRA assumptions
541+14 °ADLER 110 ATLAS Missing ET with

mSUGRA assumptions

e o o \We do not use the following data for averages, fits, limits, etc o o o
652+105 *ABBIENDI 11K CMS extended mSUGRA

The Other Half of the Universe Discovered with 5 more parameters

Geneva, Switzerland

'ABBIENDI 11D assumes minimal supergravity in the fits to the data of jets and
missing energies and set A,=0 and tanf} = 3. See Fig. 5 of the paper for other choices
of A, and tanf}. The result is correlated with the gluino mass M,. See listing for
gluino.

’ADLER 110 uses the same set of assumptions as ABBIENDI 11D, but with tanf3 = 5.
SABBIENDI 11K extends minimal supergravity by allowing for different scalar masses-
squared for Hu, Hd, 5* and 10 scalars at the GUT scale.

SQUARK DECAY MODES

MODE BR(%) DOCUMENT ID TECN COMMENT
J+miss 32+5 ABE 10U ATLAS

J |4+miss 73x10 ABE 10U ATLAS lepton universality
] e+miss 22+38 ABE 10U ATLAS

J W +miss 25+7 ABE 10U ATLAS

qy’ seen ABE 10U ATLAS
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et N2 Tev
ur, A =2 TeV

Z'SSM (ee, pp)

Z’SSM (17)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’SSM (Il) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) kM =0.1

G (Z(InZ(qq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’— WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

no sign of

new physics!

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

|CA 95% CL EXCLUSION LIMITS (TEV)

Compositeness

3 4 5

“‘u‘

3 4 5

LQ1, B=0.5
LQ1, p=1.0
LQ2, p=0.5
LQ2, B=1.0

stop (b1)

b’ = tW, (3, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ = tW, l+jets

B’ — bZ (100%)

T — tZ (100%)

" = bW (100%), l+jets

t' = bW (100%), I+l

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.l., single e (HNCM)

C.l., single p (HhCM)

C.l., incl. jet, destructive
C.L, incl. jet, constructive

Ms, yy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6
Ms, Il, HLZ, nED = 3
Ms, Il, HLZ, nED = 6
MD, monojet, nED = 3
MD, monojet, nED = 6
MD, mono-y, nED = 3
MD, mono-y, nED = 6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2

I
LQ3 (bv), Q=+1/3, B=0.0 [N
LQ3 (b1), Q=+2/3 or +4/3, B=1.0

0

Contact
Interactions

Extra Dimensions
& Black Holes

LeptoQuarks
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Why SUSY?

mathematically interesting

string theory needs it

rationale for scalars

helps stabilize inflaton potential

gauge coupling unification

dark matter candidate

hierarchy (naturalness) problem

fun for colliders

baryogenesis?

cosmological constant? [0-'20 to | 060



Why not SUSY?

flavor problem

CP problem

gravitino problem

proton decay (both GUT and Mp)

SUSY breaking models tend to be contrived
triplet-doublet splitting in SUSY GUT

mp=125GeV too heavy for MSSM
no experimental signature
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ATLAS

?EXPERIMEN!
http://atlos.ch

July 4,2012
discovery of Higgs boson a AR
" s >k

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

theory - 1964
design . 1984

construction - 1998






naturalness

standard model
® it is faceless
® one of its kind, no context

® |ooks very artificial
® we still don’t know dynamics behind the

Higgs condensate '
® Higgsless theories: no
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Theoretical Foundation
for S ons7

Supersymmetry ' P
® Higgs just one of many'scalar bosons
o SUSY Ioops ake mi? negati

composite /
® spins cancel ig constitu
® condensate by a st::ong attracti
holography \,
Extra dimension
® Higgs spinning in extra dimensions
® new forces from particles running in extra D

fo rce,

another “naturalness” argument
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Nima’s anguish
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mH=125 GeV seems almost maliciously designed
to prolong the agony of BSM theorists....




dream case
for experlments

Branching ratios

MH [GeV]

can measure them all!



What is Hig

Only one? (SM)
has siblings? (2DHM)
not elementary?

Deviation fr

e only one

Lumi 1920 fb-1, sqrt(s) = 250 GeV
Lumi 2670 fb-1, sqrt(s) = 500 GeV

MSSM (tanf =35, M, =700 GeV) MCHMS (f =1.5TeV)

M
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not elementary

Deviation from S
Deviation from S

has siblings
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1Y Electron mass is natural
by doubling #particles

® Electron creates a force
to repel itself

2 —17
e 10~ 'cm
Amec2 ~ — ~ GeV
re r@
® |0~ fine-tuning?
® quantum mechanics and
anti-matter

= only 10% of mass even

for Planck-size re~10733cm




Higgs mass is natural
by doubling #particles?

® Higgs also repels itself

® Double #particles again
=> superpartners

® only log sensitivity to UV

® Standard Model made
consistent up to higher

energies

o
Ay ~ Emg’USY log(mpry)

| still take it seriously

21




VAN at U ral NESS
works!

® |[nflation
® horizon problem
® flatness problem

® large entroP)’
20|

15|
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SCIENTIFIC
AMEF ICAN

IF SUPERSYMMETRY

2 | |
DOESN’T PAN OUT,

|
SCIENTISTS NEED A NEW WAY

TO EXPLAIN THE UNIVERSE

I
i |
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Science

WORLD U.S. N.Y./REGION BUSINESS TECHNOLOGY @ SCIENCE HEALTH

ENVIRONMENT

315 Physicists Report Failure In Search for
Supersymmetry

By MALCOLM W. BROWNE
Published: January 5, 1993

Three hundred and fifteen physicists worked on the experiment.

Their apparatus included the Tevatron, the world's most powertul
particle accelerator, as well as a $65 million detector weighing as



CMB anisotropy

universe younger than
oldest stars!?

cosmologists got antsy

Angular scale
0.5°

it turned out a little “fine-
tuned”

® |ow quadrupole

® dark energy

| 7% tuning

100 500
Multipole moment [
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| Minimal Supersymmetric Model |
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Wang, Wang, Yang



10

Mg = 200 TeV

unifies

.doesn’t unify



scalar top mass = |0 TeV preferred

Predicted range for the Higgs mass

Split SUSY

>
D)
O
=
s
2
=
%
20
T

1010 1012 1014 1016 1018

mmetry breaking scale in GeV

assumption: MSSM



Better Late T han Never

Even msusy~10 TeV ameliorates fine-tuning
from 10736 to 10~*



S mini-split SUSY
pure gravity mediation

10-100TeV

TeV

scalars  gravitino
anomaly
mediation
gauginos
higgsinos
Higgs
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Why not SUSY?

flavor problem

CP problem

gravitino problem

proton decay (both GUT and Mp)

SUSY breaking models tend to be contrived
triplet-doublet splitting in SUSY GUT

mp=125GeV too heavy for MSSM
no experimental signature
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no sign of new physics
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Squark-gluino-neutralino model

=0 GeV Expected limit (10, )
395 GeV Observed limit
395 GeV Expected limit
695 GeV Observed limit
695 GeV Expected limit

~few permille

theorists

fine-tuned

1000 1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]

contrived

important to see any hew experimental signatures
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Scherk-Schwar

y=nR

® Maybe SUSY hidden in the data \
® break SUSY with boundary conditions in| | 1~
5D

PTP=T"1 P?=1 7T=¢0
® @tree level, all SUSY particles degenerate
at &/R similar to UED

® automatically compressed spectrum

® SUSY as light as I TeV still OK »
HM, Nomura, Shirai, Tobioka

38

tag ISR

HM, Nojiri,
Tobioka
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R-parity Violation

D
CMS di-jet pair, arxiv:1412.7706 Liu&Tweedie, arxiv: 1503.05923
= o lev g—iii (RPV)
a [ N Top squark pair production CMS 1o L AN
. - I o .. charged stable
ok Ayps (t—=>0b) — Observed limit 10|
\ #99 Expected = 1o 1024
1 —eee Expected + 20 e e
i (a) Low-mass search (12.4 fb™) 2 e et oy
- (b) High-mass search (19.4 fb™) 5 ol
i | L
10" = I 10 e e
- 104k 7/ A =10° Tev
i (a) I (b) 1S 0 ~,I - promlpt 3j resonalnce | | |
10022 b v 1 L b e b L L 200 400 600 800 1000 1200 1400 1600
0200 300 400 500 600 700 800 900 1000 mg (GeV
M. [GeV] @ D
t o

(e.g. K- or

3-meson oscillations) Ruth Pottgen



Ceshire cat



"DM 4 4 « 13F@§eM

. S DM
Miracles
DM SM o
<(72—>2U> ~ W
a~ 1072
M M m ~ 300 GeV
WIMP miracle?
DM DM o’
<0'3—>2U2> m5
- Hochberg, Kuflik,
DM Q7 4T Volansky, Wacker
), A SOOMeVarXiv:MOZ.S 143
DM DM

SIMP miracle?



Yonit Hochberg, Eric Kuflik, HM, Tomer Volansky, Jay Wacker

SIMPlest Miracle

SU(2) gauge theory with four doublets
SU(4)=SO(6) flavor symmetry
(q'@>*0 breaks it to Sp(2)=SO(5)
coset space SO(6)/SO(5)=8§>

5 stable pions

TT5(5°)=Z = Wess-Zumino term
® [ Wz=Eabcde EHVPO TT20 | TTP OV TTCO pTTI0 G TTE

SIMP miracle?




; ; o '1 5cm2 - 0.27b
m % g  100MeV

-~ A -

also apparent lack of cusps in dwarf galaxies
- .



dark QCD
with SIMP

| ' Standard Model

€
i KV
QCW



SU(2), N; =2

CkD:1/47T
m,. = 300 MeV
101 10° 10°



]. E \ 7 ///' ‘//‘/‘
| . ’/:/’//’/ LHC14
<~ ) -7 ILC (contact)l....t2p "5
----------------- -/-----,(-/----,f-'-----...(LH.ClA_)__...
5 [ EWPOUg o
C - ol . ./ monop\hoton |
e Belle—11 (vigs]  Belle—II (inv) (ILC)
10—6:_ SU(2), Ny =2
- apn — 1/47'(‘
1077¢ m, = 300 MeV
10—8 | 1 o . _
1071 1 10° 102 10°



Super KEK B & Belle |l

e+ 4 GeV 3.6 A |

P
f New beam pipe SuperKEKB

="
e

Low emittance positrons
to inject

Dampingring SR~
Ve &

Low emittance gun

- 7GeV 2.6 A|

Low emittance electrons
to inject

_—
i

.

Belle Il

New IR

e

e
AN

315k
W~ 50 ab!

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

~ J—
’




102_ SU(Q),NfZZ E
f my = 300 MeV, m, =2.1 X mg
_— _ = 2 GeV
1011 mys .
?‘5 : ap = 1/4m, ey = 2.3 X 10—3/
g ﬁ .
=1 1+ e"e” — v+ hidden photon -7 E
b E ,”: ”””
< |= 1071 s %
= ,f”é)( ¢ ]
-7 2 |
0 7 b, = é 1 Mine )
].O = /,/’ "y 2 S
- g 2 4 6 8
) Mm\, [GGV]
et A : : :
~ x Yonit Hochberg, Eric Kuflik, HM
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1.23 tb
----t--C- e

_(,01 — 0/

o X BR

SU(2), Ny =2

Yonit Hochberg, Eric Kuflik, HM

my, = 300 MeV
my, = 2 GeV
apn = 1/47T =
m, = 1.9m., €y = 2.3 X 1073
0.8 1.0 1.2 1.4 1.6
A%m,Kkﬂq
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— moduli w/
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I8 vector Oo Oox [GeV]
= mediation

gravitino non-thermal

asymmetric DM




Rare effects from

high energies
® Effects of high-energy physics mostly
disappear by power suppression

1 1
£:£SM+K£5 | A2£6—|—'"

® can be classified systematically

1
A

L5 = (LH)(LH) (L{H))(L(H)) = my,vv

Lo = QQQL, Lo" W, H, €apc W W W,
(H'D,H)(H'D"H),B,,, H'W" H, - ..




FKAVL
ARV F
j(-Dj J [

L\ XS

‘Power of Expedition

———— >~ --> lepton flavor D o
—— > -» quark flavor = 9
—>-> EDM D =

—> - --=-3» dark matter
—_—S |HC

-ttt
102 10* 106 108 10'° 10'> 10'* 10'¢ 10'®
experimental reach [GeV]

(with significant simplifying assumptions)

courtesy: Zoltan Ligeti
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® Classification surprisingly difficult question
® |n the case of the Standard Model
® Weinberg (1980) on D=6 B, D=5 [/
® Buchmuller-Wyler (1986) on D=6 ops
® 80 operators for Ni=1, B, L conserving
® Grzadkowski et al (2010) removed
redundancies and discovered one missed
® 59 operators for Ni=1, B, L conserving
® redundancies due to EOM, IBP
® Mahonar et al (2013) general Nt

® | ehman-Martin (2014,15) D=7 for
general N, D=8 for N=1 (incorrect)
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Main idea

Brian Henning, Xiaochuan Lu, Tom Melia, HM

® Take kinetic terms as the zeroth order
Lagrangian (0¢)%, vidy, (F.,)°

® Classically, it is conformally invariant under
50(4,2)=S0O(6,()

® Operator-State correspondence in CFT
tells us that operators fall into
representations of the conformal group
® equation of motion: short multiplets

® remove total derivatives: primary states

, 1
H(D, ¢1, R ¢n) — /d,uconfd,ugauge Z DkXAO—I—k,OPE |:Dd1 X1| PE an Xn
k

O




1K BN Terminal — tcsh — ttys001
C Hitoshi-no-MacBook-Pro.local 35: form hssm6.fr'rr| %
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No. of independent ops
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One more Belle update, March 2016 (Moriond)

Uses semileptonic tagging

R(D™) =0.302 £ 0.030(stat) £ 0.011(syst

L . l l L L) l m l L I L) L l l L) L

—~ ST B Signal ;

E 10 / ~~~ Normalization 8

O g N

e o

o 107 S

S —

o ~

~— v

~ 10 I

v

= Z

%’ 1E 0
W 1.0 -0.5 0.0 0.5 1.0 00 02 04 06 08 10 1.2

NN E e [GeV]

— L} L} 1) L] l L] L} L] L} ' L) L)

¥ [ == BaBar, PRL109,101802(2012) >

) - = Belle, PRD92,072014(2015) Ay =1.0
oz 0451 LHCb, PRL115,111803(2015)

A I’ll 20 1 6 . " TF e Belle, arXiv:1603.06711
D o - == HFAG Average, P(%°) = 67%

. 0.4 == SM prediction
The WA 1s now 3 2
4.0c from the SM 0aE :
025F R(D), PRDO2°.0545I0(20I5) HFAG E
s thr). PRDSS.0940252012) o .

arXlv: 1603.06711 Y R 0.4 05 06 TOm BrOWder58

R(D)



CMS Preliminary 3.3fb" (13 TeV) + 19.7 fb™ (8 TeV)
q Y. Y T] A& Ay = |"-| LA A

I diphoton resonance

@750 GeV

20

ATLAS Preliminary

Data

— Background-only fit

in-0 Selection
's =13 TeV, 3.2 fb™

101* __________________
00

- E E > 10*E=
I S %ﬁ_]f § 10° £
10-3§_ —— Combil g -
S R gTev U 10°F
- 13TeV 10
ot l——— . -
5x10° 10° ; L
. . 10-1;—

vector-like fermions? -
KK graviton? radion!? § b

compositeness? s ok
extra Higgs? TS

e § LU
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Who ordered that?

N
o
o

400 600 800 1000 1200 1400 1600

m,, [GeV]
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Ambulance chasing

From Wikipedia, the free encyclopedia

Ambulance chasing, sometimes known as barratry, refers to a lawyer soliciting for clients
at a disaster site. The term "ambulance chasing" comes from the stereotype of lawyers that
follow ambulances to the emergency room to find clients. ")

Description [edit]

Ambulance chasing is prohibited in the US.JSuch conduct violates Rule 7.3 of the

American Bar Association Model Rules of Professional Conduct. Some bar associations
strongly enforce rules against barratry. For example, the State Bar of California dispatches
investigators to large-scale disaster scenes to discourage ambulance chasers, and to catch
any who attempt to solicit business from disaster victims at the scene.®!

Ambulance chasing is also illegal in Australia,jin accordance with clauses 20 and 22 of the

Legal Profession Regulation of 1987.

Literally following an ambulance to take advantage of its ability to pass red lights can be
considered a form of slipstreaming, and is also illegal in many jurisdictions.

See also [edit]

« Personal injury lawyer
e Barratrv
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The Other Half of the Universe Dlscovered

SUSY 2036
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