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Motivation: The CvB

* Redshifted to temperature:

T, 0 = 0.168 meV

* Following a Fermi-Dirac distribution with:

n, = D6 cm S
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Motivation: The CvB

* Why do we care?

Cosmology \ Neutrino physics \
* Verify ACDM * NR neutrinos
* Predates BBN * Dirac vs Majorana
* Could reveal DM * Absolute neutrino mass
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Motivation: DM

* Why do we care?

26.5%
¢ 68.5%
7N
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* How do we detect light, cold relics?

Elastic \ Inelastic A

* Thresholdless
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Motivation: Detection

* How do we detect light, cold relics?

Elastic \ Inelastic A

* Thresholdless

/‘f Density

R = Aa

- UV scale / ) - )
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* How do we detect light, cold relics?

Elastic \ Inelastic A

* Thresholdless

/'fDensity
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Motivation: Detection

* How do we detect light, cold relics?

Elastic \ Inelastic A

* Thresholdless * Threshold
/'fDensity
L
R = R = AaE hresh

E\k
UV scale / Kinetic energ) Threshold energy /
M
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Motivation: Detection

* How do we detect light, cold relics?

Elastic \ Inelastic \
* Thresholdless * Threshold
2 2 oy
R, = Ggn, B}, R = FEthresh
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* How do we detect light, cold relics?

Elastic ) Inelastic A
* Thresholdless * Threshold
R, = Gz, B}, R = %Eil:)hresh
Fermi /
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Motivation: Detection

* How do we detect light, cold relics?

Elastic \ Inelastic \
* Thresholdless * Threshold
R, = Gz, Ef, R, = GEn,m
Fermi /

constant ) /
b e
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Motivation: Detection

* How do we detect light, cold relics?

Elastic A Inelastic A
* Thresholdless * Threshold
R,=3-107*y " R, = G5n,m
at m, = 10 meV
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* How do we detect light, cold relics?

Elastic \ Inelastic \
* Thresholdless * Threshold
R, =3-10"22 y—1 R, =2-10"1 y—1
at m, = 10meV at m, = 10 meV
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* How do we detect light, cold relics?

Elastic \ Inelastic \
* Thresholdless * Threshold
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- M - /

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection




Motivation: Detection

Focus of today'’s talk

* How do we detect light, cold relics?

Elastic \ Inelastic \
* Thresholdless * Threshold
Rgp — 3. 10—20 y—l Rgp — 1. 10—7 y—l
at my, = 10 meV at m, = 10meV
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Generalised atomic transitions

* We need a system with:
- Tiny threshold, O(eV)

- Clean signal

* Atomic systems!

* But what are we looking for?
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Generalised atomic transitions

* First option, new long range forces:

Z Z
T = —2 — Tl = —= 4 @)
* Where, in general:
1 —mrr
Ri= el
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Generalised atomic transitions

* How do we compute these rates?

dl = 27| M ¢;]%5(. .. )dp
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f Energy conservation

dl = 27| M 15]25(.. . )dp

Amplitude /
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Generalised atomic transitions

f Energy conservation

dl' = 27| M #;]%6(. .. )dp

Amplitude / \ Phase space

* How do we compute these rates?
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Generalised atomic transitions

f Energy conservation

dl' = 27T‘./\/lfz‘ 6(...)dp

Amplitude / \ Phase space

./\/lfz o <f|Hint(¢67 A,Un V2R )|Z>

* How do we compute these rates?
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Generalised atomic transitions
* We work with relativistic wavefunctions, but why?

* Because it's easier...lets us use the language of QFT:

Au&ef}/“we + PDe ° A

* More precise at large Z, and more transitions
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Generalised atomic transitions

e What's the catch?

* Very computationally expensive:
- Four component wavefunctions!

—  Lorentz indices!

e C(Classical labelling (e.g. M1, E1, ...) obscured
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Generalised atomic transitions
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My: = (f] / 03 His ()i
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Generalised atomic transitions

* Let'scounttheterms: Nierms = N,

My: = (f] / 03 His ()i

Hint = Z(&er%u}we)olz,{,u} F%u} S {17 757 Vuv ’ylu757 O-'LW}

o t
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Generalised atomic transitions

* Let'scountthe terms: Nierms = N X N,

My: = (f] / 03 His ()i
|

v

Hine = > (BT ¥ 0e)Or 13

L

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Generalised atomic transitions

* Let'scountthe terms: Nierms = Np X N,

My: = (f] / 03 His ()i

v
Hine = ) (P 0O ) Ye(Z) ~ (F(T)Q(ej ¢)>

Sk |

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection




Generalised atomic transitions

* Let'scountthe terms: Nierms = Np X N,

My: = (f] / 03 His ()i

v
Hint — Z(@Zeréﬂ}lbe)oh{u} the(T) ~
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Generalised atomic transitions

* Let'scountthe terms: Nierms = Np X N,

Mii = (1] [ daHims (@)
v
Hint = Z(Qﬁefff}we)()u{u} 0:{lq = Z Cq'§q
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Generalised atomic transitions

* Let'scountthe terms: Nierms = Np X N, X Ny

Mii = (1] [ daHims (@)
v
Hint = Z(@Eeréu}we)OL,{u} 0:{lq = ZCQ’QCI’

L Eit
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Generalised atomic transitions

* Let'scountthe terms: Nierms = N X N, X Ny» X 2

My: = (f] / 03 His ()i
|

v

Hing = Z (@Zeréﬁb}we)OL,{u}

L
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Generalised atomic transitions

* Let'scountthe terms: Nierms = N X N, X Ny X 2

Mii = (1] [ daHims (@)
 Example, QED:
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Generalised atomic transitions

* Let'scounttheterms: Nierms = 3 X N, X Ny X 2

My = {f] / Ehn ()
 Example, QED:

OL,{M} & {BA/M /’LBFILLV7 :uEﬁ,uJI/}
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Generalised atomic transitions

* Let'scounttheterms: Nigms =3 X5 X Ny X 2

My = {f] / Ehn ()
 Example, QED:

OL,{,u} = {GA/M :uBF,ul/a MEF/M/}
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Generalised atomic transitions

* Let'scounttheterms: Nigrms = 3 X 5 X 3 X 2

My = {f] / Ehn ()
 Example, QED:

OL,{,LL} & {BA/M :uBF,uVJ ,uEF/u/}
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Generalised atomic transitions

* Let'scounttheterms: Ni..;ms = a lot

My = {f] / Ehn ()
 Example, QED:

OL,{,LL} & {BA/M :uBF,uVJ ,uEF/u/}
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Generalised atomic transitions

* Let'scounttheterms: Ni.,ms = a lot

My: = (f] / 03 His ()i

* We really want the squared amplitude:
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Generalised atomic transitions

e Let's count the terms: Nierms = (a lot)?

My: = (f] / 03 His () )

* We really want the squared amplitude:

M2 = |(f] / 03 Hine ()] 2
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Generalised atomic transitions

* Let's countthe terms: Nyeims = » (a lot)?

My: = (f] / 03 His () )

* And what if we want to sum over polarisations?

M2 = S (7] / 03 Hine ()] 2
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Generalised atomic transitions

e Let'scounttheterms: N s = Z(a lot)?

My: = (f] / 03 His () )

e Factorise:

W = 2 2
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Generalised atomic transitions

e Let'scounttheterms: N s = Z(a lot)?

My: = (f] / 03 His () )

e Factorise:

‘Mfi‘2 e ‘ZIT 'IQ‘Q

Radial integral: sets the scale —J
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Generalised atomic transitions

e Let'scounttheterms: N s = Z(a lot)?

My: = (f] / 03 His () )

e Factorise:

‘Mfi‘2 e ‘er 'IQP

Radial integral: sets the scale —J t
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Angular integral: selection rules
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https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

F%UJ}

qi >

CINCO

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

F%UJ}
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qi >

__— CINCO

https://gitlab.com/JShergold/cinco

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Generalised atomic transitions

F%UJ}
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https://gitlab.com/JShergold/cinco

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Generalised atomic transitions

https://gitlab.com/JShergold/cinco

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Generalised atomic transitions

https://gitlab.com/JShergold/cinco

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Generalised atomic transitions
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Generalised atomic transitions
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Generalised atomic transitions
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Generalised atomic transitions
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Generalised atomic transitions

* Transition amplitude:

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Transition amplitude:

(M) = 5 (@) (Ov)) 72

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Transition amplitude:

4 _.

(Myil?) = 5 (1Ov) - (On)) T2

* Theradial integral and transition energy:

https://gitlab.com/JShergold/cinco

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Generalised atomic transitions

* Transition amplitude:

(MziP) = 5 (1O - (Ov) 22

* Theradial integral and transition energy:

T, = —0.0017654

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Transition amplitude:

4 _.

(Myil?) = 5 (1Ov) - (On)) T2

* Theradial integral and transition energy:

T,¢ = —0.0017654 AEy; = 10.199 eV

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Transition amplitude:

(M%) = 5 ((Gv)* - (O)) 22

* The expectation value (not done by CINCO):

e *k
(Ov,u) = (7] AL]0) = Q—E,ye“

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Transition amplitude:

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Phase space integral:

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Phase space integral:

T2ps /3181, = 6.2650 - 10° 77

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Phase space integral:

T2ps /3181, = 6.2650 - 10° 77

* From NIST:
Topg 5—s1sy,, = 6.2647 - 10°s77

https://gitlab.com/JShergold/cinco
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Generalised atomic transitions

* Phase space integral:

T2ps /3181, = 6.2650 - 10° 77

* From NIST:
Topg 5—s1sy,, = 6.2647 - 10°s77

* Agrees to within 0.005%!
https://gitlab.com/JShergold/cinco
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Pair absorption

* We're interested in very low energy particles:
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Pair absorption

* We're interested in very low energy particles:

Neutrinos \

- )
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Pair absorption

* We're interested in very low energy particles:

Neutrinos \ Dark Matter A
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Neutrinos \ Dark Matter A

E, ~ O(meV —eV)
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Pair absorption

* We're interested in very low energy particles:

Neutrinos \ Dark Matter A

E, ~ O(meV —eV) E, ~O(neV —eV)

E, ~ O(ueV —meV)
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Pair absorption

* We're interested in very low energy particles:

Neutrinos ) Dark Matter A
E, ~ O(meV —eV) E, ~O(neV —eV)
E, ~ O(ueV —meV) Ey ., ~ O(peV — ueV)

- M - /
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Pair absorption

* Scattering only deposits a fraction of the energy:

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Pair absorption

* Scattering only deposits a fraction of the energy:

AEy; ~ B,
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Pair absorption

* Scattering only deposits a fraction of the energy:
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Pair absorption

* Scattering only deposits a fraction of the energy:

* Only sensitive to heavier DM, O(eV — MeV)
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Pair absorption

* Scattering only deposits a fraction of the energy:

* Only sensitive to heavier DM, O(eV — MeV)

* However, scattering is possible for any quantum numbers :
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Pair absorption

* Scattering only deposits a fraction of the energy:

* Only sensitive to heavier DM, O(eV — MeV)

* However, scattering is possible for any quantum numbers :

£scat = STS @ESM@DSM
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Pair absorption

* Absorption deposits the entire energy of the particle:
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Pair absorption

* Absorption deposits the entire energy of the particle:

 Sensitive to far lighter DM, O(ueV — eV)
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Pair absorption

* Absorption deposits the entire energy of the particle:

 Sensitive to far lighter DM, O(ueV — eV)

* Linear operators lead to unstable DM:
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Pair absorption

* Absorption deposits the entire energy of the particle:

 Sensitive to far lighter DM, O(ueV — eV)

* Linear operators lead to unstable DM:

Eone & S’(ESMwSM
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Pair absorption

* Pair absorption, the best of both worlds?
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* Pair absorption, the best of both worlds?

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Pair absorption

* Pair absorption, the best of both worlds?

AEfz' = F1 4+ Fo ~ 2m £pair = Lscat ™~ STS@ZSMwSM
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Pair absorption

* Pair absorption, the best of both worlds?
AEfz' = k1 + Ea ~2m £pair = Lscat ~ STS @ZSMwSM

* Added bonus, quadratic density scaling:
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Pair absorption

* Pair absorption, the best of both worlds?
AEfz' = k1 + Ea ~2m £pair = Lscat ~ STS @ZSMwSM

* Added bonus, quadratic density scaling:

SN

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Pair absorption

* Pair absorption, the best of both worlds?
AEfz' = k1 + Ea ~2m £pair = Lscat ~ STS @ZSMwSM

* Added bonus, quadratic density scaling:

2
PDM
R~ n2 ~
iz (mso)
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Pair absorption

* When does this win?

12 2
Rone _ GeffEthreshn<P
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Pair absorption

* When does this win?

2 2
Rone — GeffEthreshnCP

S

Effective dim-6 coupling
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Pair absorption

* When does this win?

2 N 2 — 2
Rone e G threshng@ Rpair = G threshn

S

Effective dim-6 coupling
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Pair absorption

* When does this win?

Rpair > Rone
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Pair absorption

* When does this win?

3
nSO > Ethresh
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Pair absorption

* \When does this win?
3
nSO > Ethresh

PDM
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Pair absorption

* When does this win?

3
nSO > thresh

PDM
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Pair absorption

* When does this win?

My < +/PDM
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Pair absorption

* When does this win?

My < +/PDM

\ 0.3 —0.4GeVem ™3
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Pair absorption

* When does this win?

my, S 7eV
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Pair absorption

* When does this win?

my, S 7eV

* Precisely where atomic transitions sit!
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \

Amj;é()

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \

Amj;é()

N

|B| =

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \

Bty 7= 0 AEj; ~0

N

|B| =

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \

Amy 7 0 ,

1B # 0

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ 1
=5
Amj # 0 AEs; ~0 -
%2 . < AEg; ~ | B
|B| — \\\\ 1
Moo mj — =
- 2
Bl # 0

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ 1
/” mj BN 5
Amj # 0 AEs; ~0 -
%2 . < AEg; ~ | B
AFEs; ~ O(ueV —meV) 1Bl = e |
S = mj — _5
[B| # 0

- /
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ 1
/” mj BN 5
Amj # 0 AEs; ~0 -
%2 . < AEg; ~ | B
AFEs; ~ O(ueV —meV) 1Bl = e |
S = mj — _5
[B| # 0

et e et
o U
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ Fine structure )

Amj;é()

AFEs; ~ O(ueV —meV)

yHy®, gt
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ Fine structure )

Am; # 0 Aj # 0

AFEs; ~ O(ueV —meV)

yHy®, gt
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ Fine structure )
Am; 0 Aj 0
AFEs; ~ O(ueV —meV) AEy; ~ O(meV —eV)

yHy®, gt
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip \ Fine structure )
Am; 0 Aj 0
AFEs; ~ O(ueV —meV) AEy; ~ O(meV —eV)

yHAP yHy®, ot
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip

Amj;é()

AFEs; ~ O(ueV —meV)

5 v
yH2, ot

/

Fine structure

Aj #0

w5 v
SRR

Principal

M

/
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip

Amj;é()

AFEs; ~ O(ueV —meV)

5 v
yH2, ot

/

Fine structure

Aj #0

w5 v
SRR

Principal

M

An # 0

AEfi ~ O(eV)
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Pair absorption

* We considered three kinds of transition, all forbidden to photons:

Spin-flip

Amj;é()

AFEs; ~ O(ueV —meV)

5 v
yH2, ot

/

Fine structure

Aj #0

w5 v
SRR

M

Principal A

An # 0

AEfi ~ O(eV)

1, yH° g
S )
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Pair absorption
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Pair absorption
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Pair absorption

 What about the CvB?
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Pair absorption
* What about the CvB?

* |Looked at the overdensity parameter:

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Pair absorption
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* |Looked at the overdensity parameter:

—_— ny
~ 56cm—3

Ny
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Pair absorption
* What about the CvB?

* |Looked at the overdensity parameter:

—_— ny
~ 56cm—3

Ny

* Pair absorption particularly sensitive:
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Pair absorption
* What about the CvB?

* |Looked at the overdensity parameter:

—_— ny
~ 56cm—3

Ny

* Pair absorption particularly sensitive:

R~
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Pair absorption
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The future: molecules and ML

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



The future: molecules and ML

* Why do we like atoms?
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- Many are reactive, form crystals and solids
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- Great for understanding symmetries
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- Many are reactive, form crystals and solids

— Only 80 stable to choose from
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The future: molecules and ML

* Why do we like atoms?
— Exactly (or almost) solvable!

- Great for understanding symmetries

* Atoms are problematic:

- Many are reactive, form crystals and solids
— Only 80 stable to choose from

— Limited scalability
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The future: molecules and ML

* Why do we like atoms?
— Exactly (or almost) solvable!

- Great for understanding symmetries

* Atoms are problematic:

- Many are reactive, form crystals and solids
— Only 80 stable to choose from

— Limited scalability

 The solution? Molecules!
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The future: molecules and ML

* Molecules solve many issues:
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— Scalable! Can form large crystals
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— Scalable! Can form large crystals
— Generally less reactive
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- Infinitely many combinations
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The future: molecules and ML

* Molecules solve many issues:

— Scalable! Can form large crystals
— Generally less reactive

- Infinitely many combinations

* Butit's not all good:

- Infinitely many combinations

—  Much more difficult to compute
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The future: molecules and ML

* Molecules solve many issues:

— Scalable! Can form large crystals
— Generally less reactive

- Infinitely many combinations

* Butit's not all good:

- Infinitely many combinations

- Much more difficult to compute

* The solution? Machine learning!
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The future: molecules and ML

29/10/25

Mo, 1 (debye)
=
(o)) (00] o
IIIII.I_I_IIIIIIIIIIIIIIIII

N

N

o

0 2 4 6 8 10

Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection

104

103

102

10!

100

log1o (Counts)



The future: molecules and ML

 Computation side:

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



The future: molecules and ML

 Computation side:

—  Theory, done!
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The future: molecules and ML

 Computation side:

—  Theory, done!

* Two methods of computing form factors:

- Able to compute one form factor every ~minute
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—  Theory, done!

* Two methods of computing form factors:

- Able to compute one form factor every ~minute

- Some bugs remain!
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The future: molecules and ML

 Computation side:

—  Theory, done!

* Two methods of computing form factors:

- Able to compute one form factor every ~minute

- Some bugs remain!

* Watch this space!

29/10/25 Jack D. Shergold — Atomic and molecular transitions for neutrino and LDM detection



Summary

* Atoms and molecules are a clean, sensitive laboratory for cold relics
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Summary
* Atoms and molecules are a clean, sensitive laboratory for cold relics
* CINCO: A tool for the fast, precise computation of transition amplitudes

* Pair absorption is ideal for atomic transitions
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Summary

Atoms and molecules are a clean, sensitive laboratory for cold relics

CINCO: A tool for the fast, precise computation of transition amplitudes

Pair absorption is ideal for atomic transitions

Molecules and crystals, the future?
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| really don't like the beige." — My
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Thank you
Any questions?



	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
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186
	Slide 187
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193
	Slide 194
	Slide 195
	Slide 196
	Slide 197
	Slide 198
	Slide 199
	Slide 200
	Slide 201
	Slide 202
	Slide 203
	Slide 204
	Slide 205
	Slide 206
	Slide 207
	Slide 208
	Slide 209
	Slide 210
	Slide 211
	Slide 212

