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Introduction and Motivation

e LHC: is energy-frontier tool for
exploring TeV-scale physics

* But, many models of physics
beyond the standard model

feature new low-mass
particles (MeV-GeV)

e The machines most suitable to
search for those particles tend
to be low energy, high-
luminosity e*e colliders

e Examples in this talk
— Light CP-odd Higgs: A°
— Dark Photon: A’ (a.k.a. U)
— Dark Higgs: h’
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Another Higgs Boson?

e Didn’t the LHC already
discover the “God Particle”?
So the SM is complete, and we |
are done with the Higgs, right? TR o ., .

ABOUT PHYSICS EVER WRITTEN.”

* No—we want to go beyond h ‘
the SM. We dream of o

— unifying all forces in nature

— explaining flavor structure B

— solving hierarchy problem kg

e And we have to go beyond the
SM — to explain observations
not accommodated by it

— neutrino masses
— dark energy
— dark matter

RIC
SAN F INER

THE

b0l

PRRTICLE

IF THE

why there is diversity and life in the universe,

- We both want to and must go beyond the Standard Model
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Bevond the Standard Model

BEYOND

 Beyond the SM, there might be THE GOD
SUSY, and there tend to be PARTICLE Super

\
additional Higgs Bosons __ @ strings?
L LEON LEDERMAN
* Example: NeXt-tO-MInlmaI ('_'H[{l'wIl'ti_'ill"Hl-li’. |‘H||

Supersymmetric Standard

Model (nMSSM)
— charged: HT,H™
— neutral: H}, H3,H (CP-even)

— neutral: |A}, A3 (CP-odd)

__ g,,_ -
_,,.

AP can be light. If m ,,<2m,, could have evaded previous searches, yet be accessible
at B-factories. Constraints on low-mass nMSSM Higgs sector may be important for

understanding LHC discovery.
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Searching for a CP-odd lig

Search for A%in Y (bottomonium)
decays proposed by Dermisek,
Gunion, & McElrath in 2007

At e+e- colliders, can produce
— Directly
ete” - Y[1s] » yA°
— in cascades
ete” - Y[2s] » Y[1s]rtm™
with Y[1s] - yAY
BR(Y — yA° ) in nMSSM can be
large — up to 104
Y[ns] samples at B-factories: ~108

BR(T-~7a,)

o
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a, non—singlet fraction (cos@,)

AD = cosb, Aysey T SiN6, Ag

Phys.Rev.D76:051105,2007
arXiv:hep-ph/0612031

FPCP2013, Rio delaneiro, Brazil Sven Vahsen (U. Hawaii)

10 <m, < 2m,

3 2m_<m,, <75 GeV
] 75<m,,<88GeV
1 88<my,<9.2GeV




Experiments & Data Samples

(fb™) "

1200 - Fantastlc performance far beyond design values! >1ab
On resonance :

—I(EI(B —PEP [ | Y(5S): 121 b

1000 | : Y(4S): 711 !
| In addltlon to Y(4S) also Iarge Y (3S): 3fb!

| samples of other Y(nS) decays! : Y(2S): 25 fb
800 y Y(1S): 6"

. - Off reson./scan:
Z ; ~100 b
600 '
| | t ~ 550 fb™!

On resonance:

400

| Y(4S):433 B!
: . Y(3S): 30 b
200 | _ Y(2S): 14 b~
- _ Off resonance:
- - ~54 b}
0 P A R U S M P
CLEO

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 \(s) 1.1 1+
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Upsilon 1S, 2S, 3S samples

- !. beam energy spread)
Pt

r II PI.‘
RV R T
sk | 4 4"‘ 4 M

'
/
/
!

¥

BB threshold

o (e'e’ = Hadrons)(nb)

. Large 5
200 & Narrow Y states natural 1
'+ (width limited by

width

g e e, .,.p*“‘ doas ]
T!flS) . TI(ZS) IT(?’S)I vy "](43)
44 946 1000 10.02 1034 1037 1054 10,58 10.62
Mass (GeWc')
L - _—_

No Bgdecays:

160
140
120
100
80
60
40
20

OCLEO
EBABAR
BEBELLE

# millions Y(nS) produced

e Upsilon(1S,2S,3S) narrow
e Don’t decay to BB

—> cleaner event samples,
more suitable for
background-limited
searches for new
low-mass states

 Belle, BaBar, CLEO samples
complementary
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Expected A° Decays in NMSSM

0.7% i - E
* Preferred decays depend st E
on A° mass & model EF .
o 0.3 franp=20 =
paramEterS E’_‘T rtanf=3 - — -
. . ) B o [tans=2 B
o If sufficiently light . =13
neutralinos (") exist,
0 0.,,0 S 0.1 e L] Phys.Rev.D81:075003,2010
A" > x" x"(=missing 1.000 pr———r{ arXiv:1002.1971 -
; 0.500 E
energy) may dominate {, Phys,Rev.D81:075003,2010 |
e Otherwise 0100/ s
3 T =
— For M,.>2M_; Tt and 10090 i :
hadronic ‘%’0 1ol )
) E | E
— For lower M,.; pup and 0.005 [~ E
hadronic |
0.001 =/—+—+ -
0 12
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Light CP-odd Higgs: Belle and BaBar Searches

e BaBar carried out large number of searches
* No significant signals observed = limits set
e Shown at FPCP 2012. Also summarized in arXiv:1209.1143 (B. Echenard)

Mode Mass range ( GeV) BF upper limit (90% CL)
T(2S,358) = vAY, A% — ptpu~ 0.21 < mya < 9.3 (0.3 —8.3) x 107°
T(3S) = vA», AY = 777~ 4.0 < ma < 10.1 (1.5 —16) x 1077
T(25,35) = vA?, A = hadrons 0.3 < ma < 7.0 (0.1 —8) x 1077
T(1S) = vA”, A? = ¥ my < 4.5 GeV (0.5 —24) x 1077
T(1S) = vAY, A® — invisible ma < 9.2GeV (1.9 — 37) x 10
T(35) = A", AY = invisible ma < 9.2GeV (0.7 —31) x 107°

New searches since then
e ete” > Y[1s] » yA%(~ tt17)

Belle Preliminary

« ete” > Y[2s] 5 yA° (> v, ptu)

e ete” > Y[2s] = Y[1s]n*trn~; Y[1s] » yA°(» vt~ , utu )

e ete” > Y[2s] » Y[1s]rtn~; Y[1s] » yA° (= tt77)
+

e ete” - Y[2s,3s] » Y[1s]rtn~; Y[1s] » yA (= utu~

Much activity last year. Most low-hanging fruit picked. Increased emphasis on cascade decays.
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http://www.slac.stanford.edu/econf/C120521/

Background Sources b)
Preliminary || Beam Background

| al—yy
7] Bremsstrahlung

10°

E.-—-—-‘_l' IIIlIIIt

1 1.5 2 2.5 3 3.5 4
CM Frame Ey [GeV]

# of Photons (10 MeV/bin)

Expected signature
— mono-energetic photon line

— D,"
S, o

X
—  products ?f two Tau decays = 405_ S T
Event selection ;? R No Systematic Error
—  two charged tracks only, at least < 300
. . m 5
one with positive por e ID X - e
. s~ Preliminary
— Missing energy < 20
—  veto Bremsstrahlung and r° };: -
: . @ 10
Fit for peak in E spectrum = F N f
None observed = set limit & 4 5 6 7 ’ l

Factor ~2 improvement over previous Y (1S)— yA%(— =*t™) world limit by CLEO

Sensitivity scales with 1/sqrt(L), due to large BG. Also see BaBar results p. 14,15.
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e |f background could be
greatly reduced, limits
might scale like 1/L
instead..

* One promising
approach is to utilize
cascade decays
w/ pion tags

Y[ns] - Y[1s]ztw~; Y[1s] - yA°
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& Recent A° Searches
Y[2s] — vA° (direct)

A% - tHr~

A% > T

'No missing energy = Final state can
2000

'be fully reconstructed - less backgrodnd

gy Prod. BF < 0.19-8.26x10°

Similar to previous page,
But require one e-ID, one mu-ID

TG

10

Events / 10 MeV
Events / 10 MeV

10F

10

ik
- -~ L I 0z — r =

~
=N
L,
-
p_\

slmttn™; Y[1s] —» yAO(cascade)
A% > utp”
Product BF < 0.01-12x10°

Events/ 10
Events / 10 A

Prod. BF < 0.91-45x107

10F

M ,=3.84-9.16 GeV

| Strongest limit on A% — ptpu~

mode for low m ,,

. i el

E, cu MT(H}[GEV]

' 9 10
0 1 2 3 m,,(CeV)

* Modes with the mt+mt- tag have lower BG, but also lower statistics...

mocpoo1 | DON'talways improve limit, but may scale better with luminosity



Y[2s] —» Y[1s|zTn~; Y[1s] » yA° (> T+T_)W

|
arXiv:1210.5669 (submitted to PRD)

=
L

BF UL @ 90% C.L.

4 3 6 7 8 g

(GeV)
FIG. 3: 90% C.L. upper limits for B(Y(15) — vA") x B(A" —
7).

BaBar limit already published. Belle (preliminary) limit just slightly stronger.
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Recent A° Searches (I

Y[2s] —» Y[1s|zTn~; Y[1s] » yA’ (> t7¢ )
::. LANLIL N DL L L UL L L L DL DL LR L L L "!' o
€ o |- BaBar Y(1S)—» y A" i ]
* New from Babar: o m? " BaBar ey pA* 28 N
combine limits from - e S P
different Y resonances % | T .
by plotting limit on ¥ F E
Yukawa coupling x BF - ]
* The Upsilon(3s) analysis 1_ |
helps extend the limitto ~ "F  ~ ] =
higher AO masses S

FIG. 4: 90% C.L. upper limits for Yukawa coupling gf *
1 B(A” — 7F77). Shown are combined BABAR results (red
solid line), results from this analysis only (dashed green line),
the previous BABAR measurement [J] (dotted blue line), and
results from the CLEO experiment (dot-dashed black
line). The shaded vertical bar shows the region around x,(2P)
l mass excluded from Ref. [9].
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Y[2s,3s] = Y[1s]ntn™

B(Y[ls ] - yA%) x B(A° - u*yu™)

90% C.L. UL on product branchlng fractlou

13
= [Y]2s rw.w
E lﬂ
10'
e
:

; Y[1s] - yA° (= pu*p

PRD-RC 87,031102,2013

g 0 :ﬁi iiﬁii"’ff’_ff“"“ A ﬁ#
; 1MWM @
¢ .. combined VW @
ML
; WMHMWW ]

12 3774775776 7T 8

m,. (GeVic?)

1 New: 90% C.L. Upper Limit on
1 “Effective Yukawa coupling” f# X B(A° - utu~)
| (see backup slides)

o o O + —
N
FPCP2013, Rio delan S’FrongeSt limit on A U "u m'Ode for large m ,,




B(Y(18)—yA"xB(A"~>t*r)

CP-odd Light Higgs limits versus nMSSM

Assume BR(A’—1*1)=1
Dashed lines to show highest and
lowest upper limits in different A° 1073
mass regions
0<2|V|r 10~
PM<A%7.5 GeV/c? >
.5 GeV/c2<A%8.8 GeV/c? & 5
=
.8 GeV/c?2<A%9.2 GeV/c? =
’.‘10{ 1(}—6
- ——— Systematic Error Included
_________ il
te~ - Y[1s] - yA°
10~7
preliminary
S S AR -

.o.a. g
A" Mass [GeV/?]

tanﬁ 1'D _.u.—lﬁﬂ Ge‘." Hlm—lﬂﬂ E’DD 300 GeV

AI

IEI ll||ll'|

T I'Illlf

1 |l'|'||r|
.¢.
¥4y

3 3 D5
-J :. IIIIII -%%
R - + ¢+
| = T+
= = +
- - i: +
- - ¥
L 0.l I L1 1 : I 1 1.1 | L1 1 Ll 1 I L L 1.l I | - I L
-0.5 0.0 0.5 -0.5 0.0 0.5

a, non-—singlet fraction (cosé,)

Significant constraints on nMSSM, many models already ruled out
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CP-odd Light Higgs limits versus nMSSM ||

® Repeat for muon final state
* Assume BR(A’—pu*u)=0.025-0.1 1o-3 tanB=10. u=150 GeV, M,2,=100,200,300 GeV
i I
O<2M’c - . .-'_- ) +
MI<A0<7-5 GeV/CZ 10_4 ’ ..':1.:" amm 1?:....-:---- ------- 3 ---f ---------
.5 GeV/c2<A%8.8 GeV/c? n F L S 1 F t
.8 GeV/c2<A%9.2 GeV/c? g - - p ¥
107° | s ¢
& : :
-~ — - B F g
g 20 8 ¥ (2S) Y (1S)r'm; ,6 % in RS
312- Y(1S)—yA%; A+ ! s ; E v
O — | = : +
* 6} ary K i
‘g i_ Prehm|n LdIIL 'I'|'!4'F'|'|'!'4'!'!'.'!4'!!!# . I.Ir\IL1I.Irl\.ILqI.IrqILq-.-p
2 it T -05 0.0 0.5 -05 00 05
: 3 mﬂllMlW"' Hlmmm ’ 1 | a, non-—singlet fraction (cosé,)
= %1 b5 6 Azmass((;ev) *PRD 76 051105(R) (2007)

Q: how many of these models satisfy recent LHC Higgs discovery and latest LHC SUSY limits?

Might be interesting to combine all limits & scan models compatible with LHC results.
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The Dark Photo

New “Dark” U(1) Gauge Boson: A’

— Interaction with the SM is via
kinetic mixing with strength €

— acquires a charge €e, and the
coupling to SM fermions is
characterized by
a' = ae?

Recently, strong renewed interest__

in MeV — GeV mass region
Invoked to explain e.g.
— DAMA/LIBRA
— Positron excess in cosmic rays
— g2
Not a WIMP, but a force carrier in
the dark sector

Many models - often also contain
a Dark Higgs

FPCP2013, Rio delaneiro, Brazil

n (a.k.a. A’ or U Boson)

Existing Limits

Jupiter

logo €

Hidden Photino DM

-12

—
w

) -13

J. Jaeckel and A. Ringwald - arXiv:1002.0329v1
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The Dark Photon (a.k.a. A" or U Boson)

ete” o yA'(mete ,utu-,ntn™) etc

Note: same final states as
light Higgs

Hence light Higgs search
results can be re-inter-

preted as limits on dark
photon

Update in progress at BaBar
with full dataset, should
cover interesting part of
parameter space

Drawback is large amount
of irreducible background

courtesy: Bertrand Echenard
10@01 0.01 0.1

;
|

1075 ‘
: N

1073

510—6
;m-T
Q)] ]

W {10°#

4107%

—;10-“‘

| 10_“

I
0.01

BABAR 40 fio1

—2limit scales as 1/ [[ L dt
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BABAR 500 b1
Belle Il 50 als"
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90% CL upper limit on a, &’

il = B GeV BaABAR
s My = 7 Sa¥

s My = 5 GEV B

PR R R e D T

Lo 1 ‘ L vl |-|:I'.:.;. I

— m =3 GeV

90% CL upper limit on a_¢* = .excluded — m = 5 GeV

m =7 GeV

My =23 Ge¥ EAEAR
e M= 1.5 Ga¥

my, =1 Ga¥ m,u “h”}

. = 0.5 GeV

my = 0.3 Ge¥

ete™ - A'h' (= A'A")
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Projected Belle Il Reach

E . : —

e Belle Il could improve o r Courtesy: | Jacgle
limit on €* by factor 107 Sy
10-100, depending on H ;

BG level _ 10°

e The fixed target S ke
experiments only > 107
need to run for v F
~weeks 10 T -

e However, Belle |l searh - -= MESA
would have unique 107 .l Bagar
mass reach, and low : Bl M s
incremental cost 10 e, Bl Tumimied

10 107 10°
m, [MeV/c’]
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n and Dark Higgs

gy &
923 fo! <L

* Analysis ongoing at

o ? Preliminary g | 75 [preliminary Belle — box opening
o p o .
2 <X x for first channels
& T A — 5 i
5 1 10 last week

* Event count
consistent w/ BG
expectation

Prt2n ete

[ Belle BaBar ) [
| —meshEve tme s 18V ~
| —mez3feVie o mize Ve | e ~factor1.5-2
my> =9 SEV/C? .,f‘“mei:g eV/c I i . L.
20 e o improvement in limit
8 e | preliminary g I
€ b T ° | over BaBar as
L N w 10
5 R AmiRy @ expected from

10'»."/‘.
’ luminosity scaling

Sven Vahsen (U. Hawaii)
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Conclusion

 Much activity, but nothing found to date...
e Light-CP odd Higgs
— most, but not all, BaBar/Belle samples exploited

— Since BG limited, further progress at Belle Il may be
slow. Pion-tagging the way forward?

 Dark Photon and Dark Higgs searches
— a number of BaBar/Belle results still expected

— In the next years, expect more sensitive dark
photon searches at fixed-target experiments and
Belle Il to probe very interesting parts of parameter
space
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it like last vear’s speaker...

Either light higgses, dark
gauge bosons, etc don’t
really exist...

BaBar & Belle,
digging for light particles
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...Or we just need to dig
deeper to find ‘em

B I

SuperKEKB ?
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BACKUP SLIDES
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SELECTION CRITERIA

Jamal Rorie |

BRRES YA A o1
T—"Iprong” — €VeVt or WVpVror TV or
T—"lepton’— €"VeVr or W VuVr

Selection | Description
2 charged tracks
e Charge sum 1s zero
One charged track is etther an electron OR a
Particle muon; other charged track can be unidentified.
|dentrfication =Event is rejected if both charged tracks are
identified as electrons
Missing Energy | | 5GeV < M(miss, CM) < 7.5GeV
g‘j;g"ss'”g L095< CosTheta(miss,CM) <090
Location -082<Cos Theta{CM)=<0.65 for candidate y
i S Photons rejected if their tracks lie in a cone of
E | 02 radians around either charged track
Candidate photon CANMNOT combine with
10 Cut any other photon in the event with
[ 10MeV <Myy=<1 60 MeV

# of Photons (10 MeV/bin)

—
-
I

—1
o |
[}

pvr or di1Vy

} and charge conjugates

T i R

Background Sources
[ | Beam Background

oty
[] Bremsstrahlung

FE sk

CM Frame E y [GeV]

Thureday, February 21, 13
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FITTING TECHNIQUE

Jamal Rorie |

We have a data sample,
now we search the
photon spectrum for a
monochromatic peak
against the background

* Background PDF

» Background can't be fit with 5|ng|e
simple analytic function

* Fit each region independenly
with 3rd order polynomials

* Signal PDF
* Monochromatic photon signal can

be fit with a Gaussian

» O determined from interpolation
of signal MC fits

Comblned PDF
Bdended Maxamum Likelihood Fit
» Fit window is 60 about central
value of peak

« All fit parameters are fixed
EXCEPT FORYIELDS

Photon CM Energy Spectrum Linear :-:ca]ing

i
Same selection critera in all 4 regions
R
RI
" R2
R3

o | | R_4

o~ T Ly

& L |ﬁ. - _: L II..L i 'l_‘-i——ﬁ‘“—'.l—'f—rnr'.-ﬂﬂa P

Candidate Photon CHM Enerm' [Ge‘li"]

2 40GeV|

B

I'WE H JFHJ‘W ]
2 &

g

Combined Fit
Background Frt

8 Ok 2 Z

L1 s 1 T o el M. PP T T T 1
22 za rd IB i

Candidate Photon CM Energy [GeV]

» Fit combined PDF from 0.15 GeV to 4.0 GeV

= Step sizes are dependent upon detector resolution

i

Thuraday, Febnuary 21, 13
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CORRECTIONS & SYSTEMATICSLEmRere
" " D
< 5_E|e':t'°" Cut Efficiency vsA’Mass =~ . Nleed a scale factor; €cuts, to correct for
%‘25‘_ ity selection cut efficiency
g [ 4 .
% [ » Generated signal MC for a range of A°
g g
201 %11 masses
Lo Applied selection criteria.
15+ ] ; :
- A e Find events left, fit with 4th order
3 4 5 6 7, 8 9 |
A°Mass[GeV/q]  polynomial
Upper Limit of Fixed Background and Floating Background .
< 1E04 Systematics [%]
i& Background Modeling |25
= Signal Modeling |
- M
S 105 A\ A A Fit Window Width 8
§ 7 S W/ . 1/ Efficiency Interpolation |45
@ 4 v, %
E — Floating Background | Other Sources 6.5
E 1E-08 —Tixed Bagkground Overall Systematics 30
4 b 6 8 9
Al Mass [GeV/c"2]

Thuraday, February 21, 13
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RESULTS Jamal Rorie |
. . e O —
- Signal detection : Prefmmary
. = - local significance
» Sought points with 8 £ ’
Gaignjﬁcance}E UE:'-' : .
- Step size less than detector 2 i
resolution, signal should 1E e
produce several consecutive 0= 5 et -
points with high significance
3 -6
* No such signal found = g° ,
e - —— Systematic Error Included
* Set upper limrt :F 40E --—----- No Systematic Error
< -
» BF 90% CL UL T
5; - preliminary
+ 4.0x10° to 4.5x107° ¥ 2“'5_
o 10
» AY Mass Range R S
+ 3.6GeV to 9.3GeV 4 5 6 A Mass [GeVIc]
2 e nsig
USIng BT(IS)_}F}’AD >< BA‘G_}TT o EcutsNT{]_S)BT—}IUI Lot B‘T—> lprong‘
9

Thureday, February 21, 13
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ECIS) UPPER LIMIT PECHES

Jamal Rorie |

Systematic Error Included
-~ No Systematic Error

108
o
ra
:.l‘: [
& 30
& F
i 20
@ 10F —
§ 4 5
_| T T I | | L
:
i]r', BaBar
5 arXiv:1210.5669v|
1w =
% 3 — 3 : '
e AGEV)

, 8 9
A" Mass [GeV/c?]
| | | | o]
(b) y11 CLEO ‘-
PhysRevLett.101.151802
107 |-

0%

:w\/\w””ﬂ

4500

24

5500 6500 7500 8500

850

Thuraday, Febnuary 21, 13
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Introduction and Event Selection

Search for light Higgs (A%) in the
following modes:

1. Y(2S)=>yA% A'>u*p

2. Y(2S)=>yA% APt T (TT Dep)

3. Y(25)=>Y (15) r* m; Y(15)>yAL; A'>
TAETY

4. Y(25)=>Y (1S) ' m; Y(1S)2>yA% At

*T(rTtDep)

* The decay modes would be denoted
by their final state in the following.

* Expect the modes with ntn tag could
give stronger upper limit.

*  Will check cos(y,lep). Might be
included into event selection.

FTOT

Terms it g wtr oyt wtE Ty T
{._._ ¥ I'j'.i.] '::._._ ¥ flrl']

Taulair skim apypled

| e < 0.5 em

| d= < 3.0 em

Prab(K:r) for = < (34

el = A

Jaiel = 03

B in Ti{25)%s CM =01 GeV | =016V | » X

E. in T(L8)s CM X X > 01 GeV | > 0.1 GeV
mumber of g = 1. || applied IE: applied X

=1

munber of €t pair || X applied X applied
=1 ore ut pair=1
“mumber of ehaeged || =2 [=2 X X

track

total charge =0 =0 X | x
cos(y, it ) <09 |X X X

Imissing elETEY || X = 2.0 X = 2.0
(GeV)

missing polar angle | & [30 ~ 160 |« | 30 ~ 150
im CM [degree]

) (Gel) D~ 104 | X X

milmmpepey) (GeV) X [ * 96~ 104 | X

Lm mlrmppy) — || X i 0.55 ~057 | X

mf ey ) (GeV)

recnil mass of 777 x [ x X | 5,32 ~ 960
(GeV)

FPCP2013, Rio delaneiro, Brazil

Thuraday, Febnuary 21, 13

Sven Vahsen (U. Hawaii)

Jamal Rorie



	Slide Number 1
	Outline
	Introduction and Motivation
	Another Higgs Boson?
	Beyond the Standard Model
	Searching for a CP-odd light Higgs
	Experiments & Data Samples
	Upsilon 1S, 2S, 3S samples
	Expected A0 Decays in NMSSM
	Light CP-odd Higgs: Belle and BaBar Searches
	Recent A0 Searches
	𝜋𝜋–Tagging of Cascades
	Recent A0 Searches (II)
	Recent A0 Searches (III)
	Recent A0 Searches (III)
	Recent A0 Searches (III)
	CP-odd Light Higgs limits versus nMSSM
	CP-odd Light Higgs limits versus nMSSM II
	The Dark Photon (a.k.a. A’ or U Boson)
	The Dark Photon (a.k.a. A’ or U Boson)
	Dark Photon and Dark Higgs
	Projected Belle II Reach
	Dark Photon and Dark Higgs (II)
	Conclusion
	Or to say it like last year’s speaker…
	Slide Number 26
	�BACKUP SLIDES
	Acknowledgements
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34

