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Goals

Resonant
Non-Resonant X — HH
8
t/b ——X—r—a(
SM production B.SM . ’
contributions \
9 /50000 s = Probing
S many
A Yy <\\ <« BSM
9QQQQQ N H models

Last missing piece of SM

(Not covered in this talk)



Complementarity of channels

f\ssunlﬁng SMHBR_ j -1 * One extreme: H(bb)
| 33.3% : y » largest BR
ww 24.8% 10 * high €b, low fake rate

BR(HH— XXYY)

1072 suppress light QCD
background

* but, bb QCD still high

99

e

* low BR, but
* |low backgrounds

e excellent mass
resolution

MW Zy YY ZZ ©¢ T g9 WW bb

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021



Kinematic regimes
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Boosted (merged)

Resolved * Hdecay
products in a
* Two small-R single large-R

jets ("AK4") et (“AK8"



Kinematic regimes

- //
- -
- -
- -
- -
-~ -
-

Boosted (merged)

Resolved * Hdecay
products in a
single large-R
jet ("AK8”)

e Two small-R
jets (“AK4”)

* High signal eff « Combinatorics

* Large bkg “solved”

from QCD « Cutting-edge

substructure
tools



Kinematic regimes

- LS
o -
- -
- ”
- -
-

Boosted (merged)
Resolved Higgs boson reco eff. (13 Tev) * Hdecay _
T R 516c||\ns"llllll products in a
° WO sSmall- c i —e— Resolved: 2 AK4 jets ] .
G1afF dicans single large-R
. ” ” 'S [ Preliminary - Merged: 1 AK8 jet 7 . « »
Jets ( AK4 ) %1_2:_H ibbics o @ Merged:1AK15jet—: Jet ( AK8 )
c ’
o 1 Om@F OO O g
* Highsignal eff  Sos- - « Combinatorics
* Large bkg £ 0.6f “solved”
o 203 :
from QCD Qo4  Cutting-edge
02f i | | mergedjet substructure
O,“,M@m_tmi 1. topology . ... tools

5556 400 600 8001000
p.(H) [GeV]



BDT (high-level inputs) | 7
: (Evolution of) Boosted H—bb algorithms

e “double-b”: HH results in 2016

feed-forward NN (high-level inputs)

: -9 o  “Deep double-b”: single
oy B boosted H—bb

; ; e Qutperforms double-b by ~ x2
1D/2D CNN, RNN  (low-level inputs) e "DeepAKS8”: X—HH searches
: in this talk

R 1 « Slightly better ...

 “ParticleNet”. VBF HH—4Db in
graph NN (low-level inputs) this talk

* Qutperforms DeepAKS8 by ~x2




Background efficiency

ParticleNet: state-of-the-art ML Hbb tagger

e | | | g ) _ )
- CMS : . Jet as a “particle cloud
[ Simulation Preliminary ] « Graph Neural Network
H—bb vs. QCD multijet .
E 500 <p?”" <1000 GeV, n®"" < 2.4  Mass regression

(~ 20% improvement)

K 90 < mg, < 140 GeV

—
Q
|

- — DeepAKs

- DeepAK8-MD
- — ParticleNet
<= -ParticleNet-MD >
" % DeepAK8-DDT (5%)
|« DeepAK8-DDT (2%)

—te

<
no
|

—

S
w
|

a1
107501 02 03 04 05 06 0.7 0.8
Signal efficiency



ParticleNet: state-of-the-art ML Hbb tagger

(13 TeV)
% 1EIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIE . ) ’
c = CMS ]  Jet as a “particle cloud
) L . . .
'© | Simulation Preliminary i « Graph Neural Network
% 4| H—bbvs. QCD multijet - _
2 10E 500 <1000 Gov, P < 24 E * Mass regression
5 : S0 EilGeN . (~ 20% improvement)
% | — DeepAK8 -
> _o|_%.:- DeepAK8-MD _
%10 E — ParticleNet ] NSNS _(13TeV)
m (< - ParticleNet-MD > . N < %2FCcMS _ E
- % DeepAK8-DDT (5%) 23 ’ 0.18= gjmulation Preliminary & Inclusive E
5 | % DeepAK8-DDT (2%) e l 0.16 - Dijet sample * e =5% E
e : — ~_ H—bb tagging: ParticleNet-MD F e =1% I
1 0 E S ad / E g::; E_ 500<Pj:tgf1:00 GeV, Inietl<2.4 +£B=:’/5°/ _E
i /" ] 0.1:%_.& =
i o ] 008 "% . -
10—4 I | |’1"| L I/'III Loty g by gy 0063_ '.'#* _f
0 \0.1 02 0.3 04 05 0.6 0.7 0.8 oo sy E
Signal efficiency 5.02E T 3

MD = “Mass Decorrelated”
No sign of sculpting of jet mass.
(crucial for bkg estimate!)
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Resonant HH searches

Two benchmark models 8 H
for X:

+ Radion (spin-0) t/b 4 s

» Bulk graviton (spin-2) . .

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021



Events / bin

(Data-Bkg)/c

X—HH—4b (boosted)

138 fb™' (13 TeV)
Preliminary ZZ Total bkg unc.
1000 <m__ < 1700 GeV L

Multijet

== Radion (narrow)-1500

80 100 120 140 160 180 200 220
m, (GeV)

In this channel,
the strongest limit to date!

(Improvement by ~1 TeV
w.r.t 2016 result.)

11

B2G-20-004

Two large-R jets (DeepAKS8 Hbb)

Or one large-R and two small-R

jets (= semi-resolved channel)

Bkg: dominant QCD from data,

tt + jets templates from MC, fit
to data in 2D (myg vs mx)

-
o
w

-
o
N

o, X B(X—>HH- bbbb) [fo]

-
o

107"

I ————— — 1|38|fb|'1(l13lT§V:)
- CMS =
I Preliminary 7]
| — Observed ]
= e Expected (95% CL) =
- I + 1 o Expected ]
B + 2 o Expected ]
3 — Theory xRadion E
PR I TR T NN TR S TR T NN TR S SR S H T SR T L
1000 1500 2000 2500 3000

m,, (GeV)



Events / 6 GeV

Data / fit

12

X—HH—bbWW-—bb+lqq or bb+2]

H—bb with DeepAK8 Hbb tag  « Bkg: largest ¢t and W + jets

B2G-20-007

Radion (Az=3 TeV)

10

H-WW?* or H> 77" from templates fit to data
* Two isolated leptons, or e Simultaneous 2D fit of
* Lepton + jet w/ 2-prong substr. My VS Mxin 12 regions
CMS Preliminary 138 fb” (13 TeV)
~ wbLWP | Data  [agbks. | . 138 fb! (13 TeV)
: %Fitunc' DLostt/kag_: H-g EIIIIIIIllIlllllllllllllllllllllIlIllllg
n 1TeV X, [ m,bkg. ] — [ CM_S. . ]
- —3TevX_, [Hlm,bkg. A T Preliminary 95% CL upper limits -
B oB(X — HH) =02 pb il I 10° & Spin-0 X —— Obsgrved -
— — T ----- Median expected -
N ’ I 68% expected N
- Z<, [ ] 95% expected .
4 10

1 IIIIIII|

l T Illlllll T IIIIIIII T IIIIIIII T IIIIIIII T

10~

1 II|IIII|IIII|IIII|IIII|IIII|JII|IIII|:

“40 60 80 100 120 140 160 180 200 1000 1500 2000 2500 3000 3500 4000 4500
m - [GeV] my [GeV]

II|

TTTT




Events / 6 GeV

Data / fit

X—HH—bbWW-—bb+lqq or bb+2]

H—bb with DeepAKS8 Hbb tag
H—-WW* or H—>7T:

* Two isolated leptons, or

e Lepton + jet w/ 2-prong substr.

CMS Preliminary 138 fb" (13 TeV)
T T T T T T

- T

40

| i Dallta | |:|Iq/g bllg.

Z Fit unc. []JLost /W bkg.
1 TeV Xspin_olzl m,, bkg.

—3TeVX_, Ml m bkg.

oB(X — HH) = 0.2 pb

L]

The strongest limit in this
channel too!

(Closing in on 4b,
despite lower BR)

A A |

13

B2G-20-007

Bkg: largest ¢t and W + jets

from templates fit to data

10

10~

Simultaneous 2D fit of
Mpp VS Mxin 12 regions

138 fb' (13 TeV

~—

EIIIIIIIIIIIIlIIIIIIIIIIIIIIlllllllllllz
- CMS
~ Preliminary 95% CL upper limits

Spin-0 X —e— Observed

----- Median expected
N 68% expected
1 95% expected

Radion (Az=3 TeV)

1 IIIIIII| | IIIIII!| 1 IIIIIII| L1111

l T Illlllll T IIIIIIII T IIIIIIII T IIIIIHI
L1 LLaln

TTTT

1000 1500 2000 2500 3000 3500 4000 4500
m, [GeV]
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Non-resonant HH searches (SM and BSM)

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021



HH in BSM (non-resonant)

« BSM: dimension 6 operators. Parameterize using EFT
approach:

» modifications to Kx=A/Asm and Kt = y¢/Yism
 three new interactions: C2, C2g, Cg

15
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Non-resonant HH—bbZZ*(4l) (resolved)

HIG-20-004
e 2 pairs of OS leptons (4y, 4e, 2e2u) + 2 b-jets
* SR: Njets > 2 and |my — 125] < 10 GeV
* BKg: largest is single Higgs production!
 Fit: BDT score
137 fb" (13 TeV) 137 fb (13 TeV)
c 10° —— 2 E 60— Bl g — ZZ — 4
2 ypop CMS E9G—2Z >4l 3y [ CMS s
_§ 10° Preliminary =§’\|>A ﬁr:g?Ssz,W E, 5ol Preliminary =t\t/\\//\v/vhireV;Z,;NW
€ mmVVV where V = Z, W vF — i
L 103 -Z+X - —e— Data
) e-Data 40— - = HH - bb4I x100
10 - - HH—bb4l signal C
10 30
1 -
107" “F
1072 10l
107°
1027708 -06 -04-02 0 02 04 06 08 1 m, (GeV)
BDT score o
g ........................................................................................................ .............. .............. g 1.5?—
% 0, N 4 . ////%//I//I//I/ 8 W
% 997208 06 04 02 0 02 04 06 08 1 B
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Non-resonant HH—bbZZ*(4l) (resolved)

I Expected +1 s.d.
[ Expected *2 s.d.

HIG-20-004
137 fb~1 (13 TeV)
o —— Observed 95% CL Limit
CMS Preliminary R Expected 95% CL Limit * Allowed (95 % C L) :
B Expected +1 s.d.
I I [ Expected *2 s.d. _9 < IiA < 14
102 108 \ 137 fb71 (13 TeV)

| — Theory Prediction‘

CMS . —— Observed 95% CL Limit
Prehmnary ------ Expected 95% CL Limit

—
o
™

o/0sM

™ -

=
o
w

101 4

2016 2017 2018 Combined

95% CL on gggr(pp—HH) [fb]

—
o
N

Upper limit on U/JSM ~ 30

10! :
-20 -10 0 10 20

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021



Events / 0.01
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Non-resonant HH—Dbbyy (resolved)

Two small-R b-jets

Novel H — bb jet energy
regression

DNN rejects ttH bkg
BDTs enhance ggF & VBF
14 search regions

CMS 137 b (13 TeV)
10} F T T
1ob V<500 GeV

JF Data ["lggH [ VBFH
105 ~SMggF HHx 10° [ |VH [T]fiH
10°§ —sM VBF HH x 10°
10" — ¢,, =0 VBF HH x 10°
10°
10%
10 . -

B -
107E
1072 EEastaaiab oty b iisitcu ot ol | RN

0.—- 0.1 0.2 0.3 04 05 06 07 0.8 09 1

VBF MVA (Low i)

S/(S+B) Weighted Events / (1 GeV )

JHEP 03 (2021) 257

CMS 137 fb (1 3 TeV)
L T T T T I T T T T I T ]
30 — HH—yybb AII Categorles —
- my =125 GeV S/(S+B) weighted ]
25 - ¢ Data I
- — HH+H+Bfit |
o0 — H + B component
e B component ]
sF Bl =+1o E
=20 -
10 —
°F - UL Ji
C ol o ? ] \
N S L T2 [T L[oTortnstelo[ 30
10 E_\ T T T I T T T T I T | I T T T T ‘ T T T T ‘ | _E
F
0 — | oL CIpryges i
- - =
_10E H + B component subtracted 3
Ev v v v b by v by v v vy vy by v by 00 3
100 110 120 130 140 150 160 170 180
m,, (GeV)



Non-resonant HH—Dbbyy (resolved)

4 CMS 137 tb™ (13 TeV)
o - 95% CL upper limits =
g - Observed HH — yybb -
2 3.5 E eeeeee Median expected =
= - [ 68% CL expected 3
1 SE 95% CL expected A
K Theoretical prediction / .
% 2.5F \ / —
R S \ 7.7 (5.2) X Osm /S
I - ]
I — ]
) —
1.5

* Allowed (95% CL):
—3.3 < k) < 8.9

ver py B(HH — yybb) (fb)

o]

10?

10

107"

CMS

19

JHEP 03 (2021) 257

137 fb' (13 TeV)

E 95% CL upper limits

B Observed

------ Median expected

I 68% CL expected
95% CL expected

— — Theoretical prediction

T |||||I'I'| T |||||I'I'|

1 IIIII|T| 1 IIIIIII|
[ /
~
i AN

HH — yybb

IIIIIIul IIIIII|.|.| L. LIl

iE|

w

N
= i
N
<

(8]

* Allowed (95% CL):
—1.3 < rRoy < 3.5

Sensitivity for the SM HH production improved by
a factor of ~4 w.r.t. 2016-only result!

Petar Maksimovic, Johns Hopkins

Di-Higgs results @ CMS

Higgs 2021



m,, [GeV]
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Non-resonant HH—4b (resolved) + VBF

HIG-20-005
. CMS Preliminary 102 fo' (13 TeV)
* 4 small-R b-tagged jets S 30 572015 bas 8000, 5
8 C Reglon 3b, All Categories 7000 @
~. 300 1
: : : s 3 b-tag control region
« Multivariate energy regression & oo 9 9 6000
- Data
200l 5000
* New algo to build two H—bb g 4000
. ] 0 150
candidates: 96% accurate ; - 3000
100}
: —2000
* Bkg: estimated from 4 jet / 3 btag - 1000
. 1 1 1 :....|....|....|....|....|....|.... =|
region with BDT reweig htlng \/v % 50 100 150 200 250 300 350 °
my, [GeV]
CMS Preliminary 102 b (13 TeV) * CMS Preliminary 10207 (13 TeV) CMS_Preliminary 1026 (13 TeV)
350 72015 o 1600 £ 700f- HH —bbbb  § 2017-2018 Data 2L 100|-HH = bbbb & 2017-2018 Data
N ) CICJ " ggF high-m [ | VBF SM
300} Region 4b, All Categories 1400 o E A% moian [ Bkg. model g.) Il I Bkg. model
- 4 b-tag search region L 600~ * 8 Bhg. unc. TR Sl 555 Bkg. unc.
- B — 2 80— -
250k 1200 - ggF SM ggF-HH x 100 i VBF — SMggF-HH x50
- Data 200E — VBF-HH (k,,=2) x 100 - # | |—— VBF-HH (k,,=2) x 20
200 1000 ¢ A N
B
150 \
: e {600
100} EJ 400
50 1200
0:....I....I....I ................ 0
050 100 150 200 250 300 350 5 )
m,, [GeV] = g
% 01702 03 04 05766707 08 09 1 % 400 600 800 1000 1200 1400 1600 180¢
0 BDT Output A myy [GeV]
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Non-resonant HH—4b (resolved) + VBF

HIG-20-005
4000 CMS Preliminary 138 fo' (13 TeV) CMS Preliminary 138 o' (13 TeV)
£, - 95% C'btgpper ”g‘“s | ~ All categories S C'bl;pper ”(;“”S | | ~ All categories 3
= -~ —— Observe 1 = serve ]
% e Median expected g HH — bbbb 4 %— 10tk Median expected HH — bbbb ]
" W 68% expected ou =1, u =17 E W 68% expected 226 (412) x OgpmVBF u =13
g_ 3000 :“ 95% expected ggF : VBF i g_ - 95% expected ( ) SM : ggF
e Theoretical prediction f ' | o -~ ——— Theoretical prediction 7]
E i "-L’I- 103 = R R (SR ........................ .................... =
= i f ? Q - =
S o000l N\ 38 (7.3) xosmeE ] s | ' ' | | :
bcn 2000 : B ]
— -1 102 e TETTTTPTTOPPrry, S PP PYTTTUUSSPPPPRRRRRRT SRR Y A O P R PRSP PRRPPPRI
1000 ; R e — S : 10 5
: ] 1k R s i 1 .......................
-10 -5 0 5 10 -2 -1 0 1 2 3 4
K, Kov

* Allowed (95% CL): e Allowed (95% CL):
—23 < K)<94 —0.1 < Koy < 2.2

Strongest upper limits on ggF HH
cross-sections with SM couplings!

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021



Comparison of limits on ¢ /ogm

I I I I LI I| I I 1 L | 1 I I LI
CMS —e— Observed ---- Median expected
Preliminary B 68% expected
13 TeV ==== 95% expected
Run 11 2016, 35.9 fb’’
Expected 12.8 Phys. Rev. Lett. 122 (2019) 121803
Observed 22.2
bbZZ, 138 fb
Expected 39.8 CMS-PAS-HIG-20-004
Observed 32.5
bbbb, 138 fb™
Expected 7.84 CMS-PAS-HIG-20-005
Observed 3.88
bbyy, 138 fb’
Expected 5.55 JHEP 03 (2021) 257
Observed 840 I | 1 I | | 1 L1 1 11 | 1 | 1 L1 1 11
1 2 3456 10 50 100 500

95% CL limit on o(pp — HH (incl.)) / S
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Non-resonant VBF HH—4b (boosted)

Negligible for high Mg Nearly cancel for ky = 1, Koy =1
(highly off-shell...)

* Leading contribution to scattering amplitude:

S
A(VLVL — HH) ~ U—2(HQV — Ii%/)

* Focus on events with high mgg! — Two boosted H—bb jets

* The only channel with direct access to HHV'V coupling

23



Non-resonant VBF HH—4b (boosted)

138 fb™", 13 TeV

24

B2G-21-001

5 “Fcus o 31 * Three disjunct regions (low,
@ o E_Preliminary QCD multiiet 3 ' ' '
i - medium, high purity)
0 - - uncerfln ]
2 — st 3« Bkg: ABCD for QCD
2: E * (Possible because of mass
- E decorrelation)
2p _; - .
o o200 e ==« | {{ |from templates, fit to data.
\ mHH[Gy >
| Koy = 0 scenarlo]
> 7 138 b, 13 TeV
c 10 -
§ of- CMS . CMS —e— Data
L2 g Preliminary QCD multijet 10 E Preliminary QCD multijet
S Medium Purity - t _ , [ High Purity I .
Lﬁ 7 . Bkg uncertainty 10 E . Bkg uncertainty
6 —— Signal (x,,=0) - ) —— Signal (i,,=0)
5 10 = T
4 =
3 e
21 10"
0 800-1200 1200-1600 > 1600 107 > 800
my, [GeV] my, [GeV]

Petar Maksimovic, Johns Hopkins

Di-Higgs results @ CMS
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95% CL upper limit on o(pp — qqHH)B(HH — bbbb) [fb]

Non-resonant VBF HH—4b (boosted)

—h

138 fb” (13 TeV)
E T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T | T T T T E
: CMS Observed ~  ----- Median expected
" Prelimina ry & Theory prediction [l 68% expected
E cx=1xw=1 = 95% expected
E B TRLT

l. T T TTTT

0 0.5 1 1.5 2

Allowed: 0.6 < Koy < 1.4

Strongest constraint on K2y to date!

First evidence that Koy > 0

I2.5I 11

Koy

> 2 LSS I N S RIS RN LA RS T - e

25

B2G-21-001

138 o’ (13 TeV)

_\cr%nar\\ \\\ %

E%(Chéded regéor}\ N \ S

andard.:mode .-

-2 .\r\ 1 I\\L\ ) ‘i\\k \\1\ \N\l \N\l \.\\}\«. 1:\1 Ty B
-1 -0.5 0 1 2 25 3

Koy

e 2D scan excludes
koyv = 0 when Ky > 0.5
with other couplings fixed
to SM

A

S
—2(sz — "3%/)

-/
m~~

U



1.5

0.5

Non-resonant VBF HH—4b (boosted)

CMS Preliminary 35.9 fb” (13 TeV)
] T T T T T I T T T T

G

[ tH%bb DH—m:
[ a e Bestfit * SM expected ]
- DH%ZZ DH%W
B uH%WW I:ICombined chregiun nan 20 region
1 1 1 1 I 1 1 L 1 I 1

0.5 1 1.5

72
+ Single-Higgs measurements
provide tightest constraints

on Ry
« Combined: Ky ~ 1.1
with O(20%) at 20

26

B2G-21-001

138 fo” (13 TeV)
N 1" P

S
7

~195% CL limits
AR Median expected

| mmmmm 68% expected..

o . 95% expected \

-1.5 ——— Observed
L Excluded region
- $  Standard model
- L 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I '} 1 1 1 l IIIIIIII
2—1 -05 0 0.5 1 1.5 2 2.5 3

Koy = 0 hypothesis highly
disfavored when constraints
on Ky are considered
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Summary

 CMS has a vibrant and exciting HH program
* Only recent results shown today

* Inching closerto k), =1

* Significant improvements in VBF measurements
« No HHVV coupling (x2y = 0) is disfavored

* Experimentally, big strides forward in boosted H—bb jet
tagging:
* ParticleNet is the most performant on the market
* Has excellent mass decorrelation (helps bkg estimates)
 Same platform used for mass regression

* Finish Run 2 combinations and looking forward to Run 3!

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021
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BACKUP MATERIAL

Petar Maksimovic, Johns Hopkins Di-Higgs results @ CMS Higgs 2021
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ParticleNet: state-of-the-art ML Hbb tagger

e Jet = a “particle cloud” (unordered set)
* Architecture: Graph Neural Network
* Input: particle flow candidates + secondary vertices

* Hierarchical learning approach

* First learn “local” structures, next learn more “global”

features
. Treat the particle cloud as a graph:
e Particles are the vertices of the graph

Relatlonshlps between the particles are the edges of the graph

Jet:

As particle cloud Identify “neighboring” particles

5 \J_

/12 Ji2
x @ o
= i3 \ / f(t reCony
¢
;t ¥ by

VR // p

Category Label
bcq
baq

Top o
cq
bb

Higgs cc

VV*->qqqq

bb
Z cc
aq
W cq
aq

g—~>bb

g—>cc

Qcb b

C
others




Higgs jet mass regression with ParticleNet

* Use same architecture, inputs, training as for PN tagger
* Training target: pole mass (signal), gen-level mass (QCD)

CMS Simulation Preliminary

CMS Simulation Preliminary

30

C l T T T T ] T T T T [ T T T T I T T T T l C l T T T T I T T T T | T T T T | T T T T L

'% 0.14f anti-k . jets - H -> bb (soft drop) % 0.14[ anti-k . jets et QCD - b/bb (soft drop)

@© - _ —— H ->bb (regression) | © C _ —— QCD - b/bb (regression)

= 012 F#=08 ++= 0.12 FR=08 -

c B P, > 400 GeV 1T i pT>4OO GeV ]

) - 10 - :

% 0.1:— —: 5 0.1:— —:

0.08- - 0.08F -

0.06 - 0.06F .

0.04F I3 4 0.04F =

0.02F 1 0.02F .

0 : apnanuueyrat et | .:='ru. e g OF; P—— et PR i

(0N 0.5 1 1.5 2 0 0.5 1.5 2

Ss o MTG‘CO / Mtarget MFGCO / Mtarget

No signal at O, narrower peak => Improvement ~ 20% !

Petar Moo e vey v ormrevroprme R, Higgs 2021



	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

