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1. Introduction: status of the Higgs searches with (5+5)fb™
As last December/Moriond

2.The Higgs portal and the Higgs phenomenology

* The several scalar representations
* Effects in the Higgs to gamma-gamma rate
* Possibility of hiding a heavy Higgs

3.Direct searches of exotic scalars
* Current LHC bounds on extra scalars

4. Conclusions . N
Based on:

.Exploring the Higgs portal with 10fb™ at the LHC "
B. Batell, S. Gori, L.T. Wang arXiv: 1112.5180
L y

S. Gori Exotic scalars and Higgs




Where is it NOT ? (at least a SM Higgs ...)

ATLAS CMS
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H#s the Higgs? (1)

Where is it NOT ? (at least a SM Higgs ...)

ATLAS CMS

on
© E T T T T T T T U= = T T T T T T T T T T T T T T T T T T T T T
‘—I{ b% E o Obe “Exo. Obe = & 102 CMS Preliminary, Vs =7 TeV _[— ﬁoml;il:ed vy
c o el e o - B . - o S .
= RS S T W b 2t e —— b2z llﬂq“‘(ﬁﬁb’q 1 © [ Combined L =46-47f o Ho e @8 A
c [ Hoto (116 =-e ——— H=ZZ- Ilvv (2.11b 8 e o st e - T b
o L N S Y — W 1% S e o howw e
(N} IS \ : = — Ho2ZZ @717 z
= —4 E a = 10
O - 1 3 1
Z R 4 O B T
& [ T ° . "‘\.-‘ N —
8 N WY A A W DG 17 December & T A A
o)) ¥ AA | '.-'
CII) 1 = = 1 - L_\_ N / \ — }I_\
E 7 — G e e I
< m 7 w%;;\\r' LI Vi AW 7/ A 7ol ’|_\
— i - ] LTS/ YA V/Z A~ s o
[ - - A4
— . ATLAS  Preliminary [Lat- 1040t 57Ty CLs limits o W e %
< 10900 200 300 400 500 600 100 200 300 400 500 600
M, [GeV] Higgs boson mass (GeV/c)
H
(@)
H s L B e e e
(a») 6% E Exp. Ob 3 bw [ CMS,\s=7TeV | STglged @717 m
C - . o Chag @78 Fy_4a -1 —_— 6|1
Cil e oF i AT O B [Losessn o k)] [
8 2 B HoWWe i (a7 1) Wz iy g — :: ZVZW% 4 g:g Ig‘;_ )
€ J-LdQ~4.6-4.9fb", V=7 Tev = —— H—>27Z 5212t (46107 Z
(q\| £ 10 = . = Hos ZZ - 212q (4.6 fo') \
Fll-{ = E 3 Morlond E 10F —— HozZ 5 22y (46 )4 o)
) - ] = A
— - _I -
Z 2O LSN A A e S i o M/ o
5 i :
A : - - Improved bound ©
C _ = @}
5 - : . on the WW channel =
y !
;] 101=ATLAS 2011 Preliminary - CLslimits | \ N
< 100 200 3o$mpﬂm¢bOUNd S
OV

on the ZZ thannel R,
Exclusion: 129-539 GeV at 95% CL Exclusion: 127-600 GeV at 95% CL

Exotic scalars and Higgs



ere is the Higgs? (2)

Hints for a light Higgs at ~125 GeV
ATLAS CMS

ATLAS-CONF-2012-019 CERN-PH-EP-2012-023
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ere is the Higgs? (2)

Hints for a light Higgs at ~125 GeV
ATLAS

CMS
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ssible reactions. ..

ATLAS & CMS results

Take the signal seriously This is a statistical fluctuation

Higgsless theories

Evidence for a &
Higgs with
enhanced
gamma-gamma rate

\/

Study of the implications
for new physics scenarios

Evidence for a

SM Higgs boson theories with heavy Higgs

are still viable
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e Higgs portal

* The hierarchy problem suggests the existence of new particles at the TeV scale

that couple with the Higgs How?

* An easy way: LD ANH HONp

Lorentz invariant gauge singlet

» O, can be made of NP states carrying SU(3) x SU(2), x U(1), quantum numbers

* Many specific examples, including Higgs-partner coupling in natural theories
Manohar,Wise, 2006
Hur, Jung, Ko, Lee, 2007
Low,Vichi, 2010

?® Possible couplings: Bai, Fan, Hewett, 201 |

Dobrescu, Kribs, Martin, 201 |

A _
® Fermion KH "THFF ~_ Need low

cut-off
to have Introduces mixing

A
® Vector FHTHF’“’FW large effect AH'HA"A, betweenSM

and new gauge boson
@ Scalar ANH'HS'S <::I
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otic scalars

* Interactions of the type
LD —ASPH'H — m2|S|? + As|S|* + (Lermion)

g

Very much dependent on
* Free parameters the gauge representation of S

® A coupling constant of the Higgs portal

e Mass of the scalar S (m *=m >+ \v?)
e Mass of the Higgs boson m_

* We impose that
® Potential is bounded from below: As > 0, A > —2v/AgAg

Av? + m?

As

@ S does not participate to EWSB - <0 — No mixing between S and H

e The SU(2) components of S are approximately degenerate in mass

@ Perturbativity up to (2-3)TeV at least: [A[< 4

Exotic scalars and Higgs



WMH representations

Model Couplings Signatures
(1,1,1) LL (L=er)( ), L+ Er
(1,1,2) €RER (e—et)(e—er)
URrQ (45)(G4), (t3)(E4), (b5) (bg), (tb) (¥b), () ()
(1,2,3) Qdr (33)(33); (t3)(t3), (b5) (bj), (tb) (b), (bb) (bb)
Lep (e—et)( e £t), LT+ Er
(1,3,1) LL (L= er)( L), L+ Er
QQ, urdr (45)(G3). (t5)(#5), (b5)(bj), (tb)(ED)
(3,1,—3) QL (£3)(£15), (£~t)(£+%), 25+ Er, bb+ Er
URER (£75)(€75), (L7t)(e1P)
(3,1,3) drdr (34)(33), (b5) (b3)
(3,1,_3) U_RUR (jj)(jj)’(tj)(t_j) _
° drér (£75)(€75), (Lb)(£7b)
6.1,1 QQ (33) (33). (t3) E). (bg) (B)
° @rdp (45)(33). (t5)(#5), (b5)(bj), (tb)(ED)
(6,1,—3) drdr (33)(33), (b5) (bs), (bb)(bb)
(6,1,5 URUR (43)(39), (t5) (t), (tt)(E¢)
(8,1,0) loop decay (33)(33)
(3,25 drL (¢5)(£15), (£7b)(£b), 25+ Fr, bb+Er
521 @nL (¢3)(£5), (D) (£70), 25+ B, ti+ B
¢ Qer (£5)(€*5), (") (£¢), (£7b)(£7b)
(8,2,1 arQ (43)(33)s (£3) (5), (b5) (b3), (tb) (#b), () (1)
’ Qdr (44)(33), (£3) (5), (b5) (B]), (tb) (¢b), (bb) (bb)
5.3, _1) QQ (i) G9). () E). i) Bs)
’ QL (£ 4) (€1 g), (€ t)(£7E), (£7b)(£1D), ji+ Br, ti+ Fr, bb+ Er
(6,3, 3) QQ (43) (39), (t) (#4), (b5) (Bj), (tt) (EL), (bb) (bb), (tb) (tb)
(8,3,0) loop decay (W) (W™3), (vd) (v4), (Z5)(Z3), (v3)(Z3)

Simplifying assumption:

Choice of Y to allow
simple renormalizable
couplings to SM fields

Exotic scalars and Higgs



HMH representations

Model Couplings Signatures
(1,1,1) LL (C ) (e eh), L0+ Br Simplifying assumption:
(1,1,2) erer (e=et)(eet) T )
UrQ (44)(43), (t3) (), (b5) (B4), (£b) (D), (£t) () :
(1.2,3) Qdr (75) (39): (¢3) (E3), (6) (54), (£B) (Eb), (65) (D) tho1ce of Y to auow
Len () (), 4Py simple renormalizable
(1,3,1) LL (AR AR WA AR /7y . .
QQ_unds (39)Gd). (1)), (o) (Bi). () (Z) couplings to SM fields
Model | Couplings Signatures
(1,1, 2) €RER (L= £T) (£ £T)

urQ (47)(33), (t3)(£5), (b5)(b]), (tb) (¢b), (tE)(tt)

8,2,% N N N =T = 1T
( Odn | (1) Ud)s (53)(E), (63) (B (£5) (Eb), (bB) (b)
61,5 | anun G9)G)s ) @), (#) (@)
32,5 | dal | (€ 9)(€ ), (€ b)(£7b), 2+ Fr, bt Fir
-ﬁ , ’ , ,
(8,3,0) loop decay V=3), (v3)(v3), (Z£3)(Z35), (7v3)(Z])
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W%ﬁon of the Higgs phenomenolog

See Bonciani, G. Degrassi, and A. Vicini, 2007 & Boughezal, Petriello, 2010
For the NNLO computation for the 8 representation

g s 9 "TTTOTOY.
:*— ————— h ::)— ----- h
2 |2 000000 E,»"/S
! o(gg — h) I'(h — gg) 4K AC(T)AO(TS),;,—% g
~ = C
o(gg = h)sm T'(h — gg)sm > Avya(Ty)
@i " T'(h — v7) | Z Ad(r)QgiAo(Ts)zmg !
h ----- -(‘l ) — o h===7° _<:, :
L'(h — vY)sm ~ Ai(tw) — 2y NyQ3Aq/2(7y) .
. i f Y/ f .
/'

W boson contribution in the SM Quark contributions in the SM

¢ Under the assumption that the modifications are small, negligible effects
on the branching ratios to other final states (the Higgs total width is unchanged)
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' ’ phenomenoloc

See Bonciani, G. Degrassi, and A. Vicini, 2007 & Boughezal, Petriello, 2010
For the NNLO computation for the 8 representation

g s 9 TTTTTTY.
:*— ————— h >— ----- h
\\\__‘/ 2 2 E,/’/S
! o(gg — h) N I'(h — gg) _ 1@ AC(T)AO(TS):Tg g
o(gg = h)sm T'(h — gg)sm > Avya(Ty)
2
pN d(T)Q2 AO(TS) . rmmm\ v

s " T'(h = v7) 9 Z S
S * r'(h — ’Y’Y)SM Al(TW) - Zf NfoA1/2(T{) '

1 o
QQQQQ0Q, ¥

W boson contr1but1on in the SM Quark contributions in the SM

¢ Under the assumption that the modifications are small, negligible effects
on the branching ratios to other final states (the Higgs total width is unchanged)

A>0 implies a positive NP contribution to the production cross section
Note: anda negative NP contribution in the branching ratio to two photons,
and viceversa

Exotic scalars and Higgs



) interpretations

What are the implications of

@A hght Higgs at (124'126) GeV .Moriond best fit values”
0% 47 Ww TT bb
by = 07 [ATLAS | 1.96 +0.86 | 1.19 £ 1.18 | 0.17 + 0.65 | 0.14 & 0.84 | —0.82 + 1.16
oM [T CMS | 21+062 | 0.48+1.1 |0.67E£0.57|0.84 F1.32| 1.7+1.65

Chi square, assuming a Gaussian form in R:

(R ”1)2
Z < # <« Itdepends on the number of

degrees of freedom and on the C.L.
@A hidden heavy Higgs

NP __ o; at the 95% C.L., :> Mcomb — 1/ E : ~ NP2
B, = bound combination of both ([,L )

g; experiments

>

Suppression of its gluon gluon production cross section

Exotic scalars and Higgs



W %Ii ggs boson signal: colored scalars
(1) ATLAS  (8.2.1/2)  cms

, 2
=~ 0 e (XgM)ATLAS ~ 4.5 (%) = @ : (XSM)CMS ~ 3.8()

— 31 g _2L ]
j _ 7 (%)
—4\|. -4y CTREREY
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
m; [GeV] (*) # degrees of freedom=3 m; [GeV]
. o . 10 [N 26
@ A strong suppression of the gg fusion is not producing

a good fit of the CMS data (*)
@ Enhancement of the gg fusion is rather constrained

Exotic scalars and Higgs



i : |
~ 0 (X3m)arras ~ 4.5 (%) ~ 0 (XSM)CMS ~ 3.8
,\ )
A\ A
oy \\\ 3 b
B \ -2 W i
- \\\ | \\\\ ( * )
| B
\\.\ \\\\
I \\\ I A |
[, | I _47“"\\\‘Iwwl\wuwwwuw””\”.w.”,f
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
my [GeV] (*) # degrees of freedom=3 mg [GeV]
20

@ A strong suppression of the gg fusion is not producing
a good fit of the CMS data (*)
@ Enhancement of the gg fusion is rather constrained
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@ ATLAS (1.1,2) CMS

i Large negative | ]
2+ contribution to oL i
i the gamma - ]

gamma width

2 (%) 2 %
~ 0p (Xsm)ATLAs ~ 4.5 <~ O g (Xsp)cms ~ 3.8 ()
,\\\\ | B . |
Wk oS D
\\\ Y A \‘ \\\\
\\\ \ \\ \\ \ \\\
-2-\\ - \ . —2+ . N -
A N W

- \'\‘\ ‘\ \\ B - \\ “ \\\ i

|l N | | - B
\\ 1 \ \\ 1
A ey

L. N B L i
W \ 4
—4\R.\..| —47””\\‘.‘”\\H.\\.H\HH\\.H\HHF
100 200 300 400 500 600 700 800 100 /200 300 400 500 600 700 800
m, [GeV] (*) # degrees of freedom=3 m, [GeV]

The gamma-gamma rate is enhanced by a factor of 2 20

Both ATLAS and CMS prefer A<0 :> enhancement of the gamma-gamma rate
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A hidden heavy Higgs

A=-1 m = 300GeV Perturbativity bound on A
ﬂ{ﬂ]_—""""""""""l h4_||||||||||||_||.|.||||||||||||||||||_
@ 700} :
600 3T I
T o —
[ b |
200 F 6,1,4 T -
1211/6) ] i |
I{H]—,,,,,.,,,,.,,,,.,,,,T 0_|....|....|....|....|....|....|....|_
200 300 400 500 600 100 200 300 400 500 600 700 800
my, [GeV] m, [GeV]

The triplet representation should be rather light
to hide ,etficiently” a heavy Higgs

Already been excluded by direct searches?  See later...
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lHW W%em‘ar searches

* Higgs phenomenology are consistent with (possible even favor)
lighter exotic scalars

* These states can be searched for at the LHC

* Complementary to the measurement of the Higgs phenomenology

» QCD pair production ~ pp — SS (+)
with sizable rates even at the 7 TeV LHC

Note: single production of these scalars through
gluon gluon fusion can have similar rates
only for very heavy (m >1TeV) scalars

Gresham, Wise, 2007

Exotic scalars and Higgs



ydu "" of the new scalars

Copiously pair produced at the 7TeV LHC
pp — SS™

SU(3)_triplet
SU(3)_sextet
SU(3)_octet

- 10* events at 10fb™*

a(pp —=SS) (pb)

SU(2), singlet
- o SU(2), doublet
1074 = SU(2), triplet
EERTERTERI FRTRTERNTE FRTERTRET] STRTTRTaT] i | N L
100 200 300 400 5

NTRTERIRI IR TERTRIN] INRTRTRNTI AR RRRRTIN] IRARTINIT.
00 600 700 800 900 1000
mg (GeV)
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il |III! !

ofda

odes

LD —A|S|2HTH — m3|S|2 + ASlS'|4 _"@ermiob

Decays mediated by the renormalizable couplings

_ QT j 20 possible
Ltermion O Nij S¢18M¢2SM + h.c. final states
If 1, are generic O(1) couplings, large FCNCs are induced, however
Work for
1. One can impose the Minimal Flavor Violation (MFV) principle the future
2. One can impose that 1, are small

@ Only the representation (8, 2, 1/2) can have MFV coupling Manohar, Wise, 2006

1.
1 @ Multi b or multi top final state searches
: @ Lifetime of a real scalar decaying to two (relatively light) fermions: ) 7‘
1077\ |
2. ct ~ 0.5mm ( )
n

@ [f =107 the decay is prompt in the detector

Exotic scalars and Higgs



2ct searches

¥ In most cases, no dedicated S searches

* We estimate the bounds based on similar final state searches

+_Assumption:
The scalar decays 100% in one of the possible final states
( If several decay modes are open the constraints would be less stringent

¢+ We compare the LO cross section with the LHC excluded rate
(this is an estimation, the kinematic may be different for example)

However, since rate falls very fast with mass, o~
a factor of 2 error on the constraint of rate only translate into
10-20% error on the constraint of mass

m,(6—8)

Exotic scalars and Higgs




C direct searches

@ In most cases, no dedicated S searches

* We estimate the bounds based on similar final state searches

+_Assumption:
The scalar decays 100% in one of the possible final states

( If several decay modes are open the constraints would be less stringent

* We compare the LO cross section with the LHC excluded rate
(this is an estimation, the kinematic may be different for example)

1

However, since rate falls very fast with mass, o ~
m,(6—8)

a factor of 2 error on the constraint of rate only translate into
10-20% error on the constraint of mass

Leptoquark .
2j+Er \? 4 jets

o

Several LHC searches: . L - | l
¥ 1 s

R-hadron<

Strongest

Exotic scalars and Higgs




R-hadron = long lived charged and hadronizing particle (CMSLPfSi%§0£}1-022>

If 1 is particularly small...

Reminder:
SDD -_I T T T T T T T T T T T T T T 1 T T T T 1

¢ Present limit on sgluons: M > 900 GeV
We deduce the bounds for the color octets:
(8,1,0) — mg = 800GeV,
(8,2,Y) — mg 2 1000GeV

700 F
600

500 F

We deduce the bounds for the color triplets: ‘ (6L4/3)"

(3,1,0) — mg > 600GeV, “”% - ‘tﬁn
(3,2,Y) — mg > 700GeV oof,_ /) |

200 300 400 300 600

m, [GeV]

400

* Present limit on scalar tops: M > 620 GeV

=-1 my, [GeV]

Very difficult to hide a Higgs if the scalars are long lived —=1 2 107"

Exotic scalars and Higgs



rks and 2j+missinc searches

Only for color triplets: ;
L=1.04fb" ATLAS collaboration: arXiv:1109.6572.
. .. =1. 1 CMS collaboration: arXiv:1109.2352.
* 274+ : similar to Susy Searche/ L=1141b collaboration: arXiv

In the limit mz; — oo, mysp — 0, quuark > 800 GeV Reminder:
soofp © 0 T b s
We deduce the bounds for the color triplets: Wf
(3,1,0) — mg = 550GeV, ol
(3,2,Y) — mg > 650GeV _
w500
<
g 400
o 614/3)
» SU(2), gauge invariance requires that : S (6.L4/3) ]
200 7y — i
this final state co-exists with a lepto-quark-like ;w- (3,2,1/6)]
(E_j)(£+j) final states T T T T T T
A=-1 " [GeV]

' _ L =1.03 fb™ ATLAS collaboration: 1112.4828
m,_ > 650 GeV  (for first generation lepto-quarks) L=18fb! CMS PAS EXO-11-030

Exotic scalars and Higgs



gy
““\ et searches

A very common final state (both for triplets, sextets and octets)

A rather difficult channel because of the large QCD background

NN— I CMS Preliminary [L=22m"
B =a= Observed 7] N : : Pair-Produced Dijet Resonances
- ATLAS == Expected ] \}\ Observed Limit (95% CL)
10* M +1c N T e Expected Limit (95% CL)
L20 R
; H Tl
—— Scalar-gluon 10" : : | 426

- - - Hyperpion

"""" - Coloron

s

-
o
W

95% CL Limit o x BR [pb]

102

Cross Section x BR x Acc (pb)

) - 10° %
1 0 E 1 1 | 1 1 | | 1 1 | | 1 | 1 B “| i 4 = I I i Ll i | N I | i I I i Ll i | N I | i ‘:\\I 1 i I i L1l
1 200 300 400 500 600 700 800 900 1000 1100 1200

Resonance Mass (GeV)
Mass [GeV]

L=34 pb'1 ATLAS collaboration: arXiv:1110.2693 L=22fb"' CMS PAS EXO-11-016 (last January public note)

NEW
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rplay with the Higgs phenomenolog

If the exotic scalars are decaying exclusively to 2 jets:

Lo 218 Allowed  ®212)
2; 2: 3
~ 0 ~ =

- N\

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
m, [GeV] m, [GeV]

CMS fit for a light Higgs (m ~125 GeV)
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2rplay with the Higgs phenomenoloc

If the exotic scalars are decaying exclusively to 2 jets:

800

700

600 [

m, [GeV]

Heavy hidden Higgs

500

400

BT I i

100
my [GeV]

mg [GeV]

800

700 [

my [GeV]

600;
500;
400?
300]

800F °

600 [
500

400 |-

300

100

700 F

200 |
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(]| !

» 2012 is going to be the year for the Higgs:

® Confirm a light Higgs signal, or
® Rule out SM-like weakly coupled Higgs.

* Rich implications for NP particles interacting with the Higgs
(Higgs portal) ANH"HOnp

@ Already with 10 fb”, direct searches of colored scalars are close to
mass scales needed to hide a heavy Higgs.

* Complementarity between exotic scalar searches and
Higgs phenomenology

Most @ If deviations from SM-like Higgs are observed, the light exotic
exciting matter coupling through the Higgs portal will provide a promising
scenariol and experimentally testable explanation.
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A=- m = 300GeV Perturbativity bound on A
I ! I I ! I ! I I ! I ! I I ! I v I I ! T 4 -

200 300 400 500 600
my, [GeV]

Now the bounds on m > 350 GeV
are more stringent especially because of the ZZ channel
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Example: color octet (8, 2, 5) Qb — ( Sy )
1. It interacts with ©wrQ a

['fermion D nij (ﬂ%)ai(uLQ)Z(S())Z - 'r]ij (ﬂ%)ai(dLa)'Z(S_F)Z —|— h.c.

This Lagrangian mediates the decays So — u'a?, Sy — u'd’

With LHC signatures from SS" plioduct_ion: ab,c,... SU) indices
(37)(33), (¢5)(83), (b3)(b7), (tb)(tb), (tt)(tt) ijk,... flavor indices

a,P,y,... Lorentz indices

2. It interacts with Qdg
Efermion 2 Nij (ﬂLa)az(d%)i(S—l—)Z + nzg(JLa)az(d%)i(So)z -+ h.c.

This Lagrangian mediates the decays S, — d'd’, S, — u'd’

With LHC signatures from SS” production:
(45)(39), (t3)(t5), (bg) (D7), (tb)(tb), (bb)(bb)

Some of these signatures are already pretty constrained by the LHC!

o J
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ATLAS-CONF-2011-163

95% CL limit on o/cg,

ATLAS

Last December results

= Exp. Obs. 3
- Rt ey o T e T
I \ ) R
o 9 v
=y E
TATLAS  Preliminary [Lat- 1049 vs7Tev CLs limits |
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CMS PAS HIG-11-032

CMS

EMS Prefiminary, 8 17 7oV

—— Combined observed |

= ——
b(n 1 02 = i TR Combined expected 1
= - Combined, L =4.6-4.7 fb”' H— bb @7 |
© int — Ho1t @6 |1
c H—yy @719 |
o] H— Ww 46" ||
- . —_— HoZZ 4 (477
= —_— HZZ 2l 21 (4.6fb'1?
e \ —— H—>ZZ—>212q (4607
= 10 N\ —— HoZZ 5202y (467" |1
— = R S - ‘;'//
(_) C . : \ P
RN B S B
o\o = '“-’_'_ """" P
o] N U /\ /3{4
@ VAT o~
1 F o S TR AP . __'“ T ; = =
AN A A N AN W
=5 Y| N LOLAA \
[y I \“4..- v \ ¥ .\ N S
%, % }1, 9 D S
% 3 v
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

All channels are updated with full luminosity (4.6-4.7 fb™)

{

At high mass, main relevant channels are WW and

h
h

>

NS HERS RS RS

V4

_ They are giving strong constraints for mh = 150GeV

I

5
.
.
o
I
.
BN

Z.

ZZ* — et ete
Yy

WW* - ¢tuve— i
ZZ — 00 v
ZZ — 00 qq

TT

bb

ZZ* > ete— 7+t

Exotic scalars and Higgs



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

