Title: Quantum Field Theory for Cosmology - Achim Kempf - Lecture 21
Date: Mar 21, 2016 01:30 PM

URL: http://pirsa.org/16030021

Abstract:

Pirsa: 16030021 Page 1/40



File Edit View Insert Actions Tools Help

AQAFT fov (05«40&’7, Ao‘cm ’(‘m/,/’ Wm¥er |6 p lLecleve 2

Pe-r {u-vlnvt«'w quutr!wfv’w q mWa-n ,a'elc(a»aa( e metwce.

Recakl:

e .
a We a&ca....,‘/,ase b m[&lon ﬁ‘./o( 4?(.',?):

&
¢(“(r7) - ¢o(7) + ((x!?)
W“»c:
X (k,(‘l,l A asgmed ln}l and vo {veaod chass i cakl.,.

% f(x’, 7) S P(x, 7) Aorovibes a ﬁala( j sonall

m howogmalion amd W to be guanl ted: ({ e ;

: 16030021 Page 2/40



File Edit View Insert Actions

Tools Help

0 We O‘CCWpose {he welare ’;--'(’47,"@

9w ("?) = ﬂf(7)7,.v + ):'F.a (fc?)
{vealed arrisamed saall
Classn' bl lo fie grramla ted
0 Here, 30 (o) can b decomposed =% scats.,
weSor and '&uﬁw'%/-e u;-lwmr—u't«‘es, om-v; M‘cms
EB, L, F, Ve, W:, bij.

Mamddy: ds = gpv (4,y) dx” dx”

tevo - mede, i, luw’huuud vsaToopit povt

W .
dst: a¥ty) (do -33elx)}) + ds? + ds? s ds? v

Pirsa: 16030021

Page 3/40



File Edit View Insert Actions Tools Help

MW‘%: ds = gpv (4,3 dx” dx”

Levo - made, ‘w-l'-unul 5o Coopalc poct

W
a{s.a(,)(a(g’ -z(a(x))-l- ds, + ds} 44(5

Y

dj — a(ﬂ[lf(x,«,) d‘7 -d Z — B(x'o,)a(x d-’
-Z (2 EP(‘ 7)5‘1 ‘gat‘ 7] E("")) ofx L ’}

v
2722 A
¥

Pirsa: 16030021 Page 4/40



File Edit View Insert

Actions

Tools Help

ds_,:2 = aZ("l) [JI(X,-,) d'-,z—l Z ‘;%*' 8(!,7) a(x"a(’
3 (2
-Z (2 ?(1,7) S‘J-‘?a%'-b%, E(,"’)) c(x,-dx ?]
WY

Y
0(53 - az(‘?)[Zé' V‘.(zr,.,)dx'.a(-,

3
- = L
'Z (327 Wi () + 5% W, () ) "’"J

3
ods, = “2‘7)2 hoy(x9) dx'dx?
FERY

v
3/22 (A
¥

irsa: 16030021

Page 5/40



File Edit View Insert Actions Tools Help

We cuset the a,-/:wM’m

4’(:{,4,} = tf,(c,)* L’(r,s,)

;‘pu: 12(7) ?,u*,‘,-dtva?)

wrth €, y assuneed samall, wmfo bhe actiom:

I(ﬂr& gkyf;-’a(x

O

+ 3 f(a )7 #) — VO Wy o *x

+ m)&a&d (othes frelds)

a/2 A
¥

Pirsa: 16030021 Page 6/40



File Edit View Insert Actions Tools Help

LN

¢(:r,4,) = tf, (7)* ((1,7)

Jrv? a’ly) 2ot Youoliog)

wdh f, )4 assStreed Jaoma, wmibo the acliomnm:

: H.'rr& gklf?d‘x

+ 3 f(a,- )" #) — VIO o *

+ W’&aﬁ'd (0“!1 ﬁd/!k]y

Ow Maw'us Maony ftms w-v'a» §,f/1’,ﬁ V, W,L I v Iil

Pirsa: 16030021 Page 7/40



File Edit View Insert Actions Tools Help

0 These Cevms cam Le siumplified ! Why "

Now Lhat Spac v cevved , bheve w0 mo ,6-,., ~ pnjnml
folisbim. of spmiCinms arte spmcalele bypoesonfaces !
:—7 /A /)wﬁwfc‘ Aor'ce Jovr the coovdimale Srﬁm .
(p.;.,w prfered afounal Cime £ spuce cs)
O Bef Lbe clorece 1:-(5 MI(%J e ﬁaud-‘o--s above,
. e. éluy Are o /)av'l‘ cowde nalle Sgh lesnn df,uuobai
tond Yo s i of gl Lim
=2 We way choose awr sz so that-
Hhese [a..(/tn-us f,‘f,f,&, V, W, b vew'sh o um,,a&t/7

5/22 &
¥

irsa: 16030021 Page 8/40



File Edit View Insert Actions Tools Help

a TL(S( t&v’ns Con ,& u}mf,&}'al I4 W‘\71

o w {hot Spac 2 cvved , theve o mo ,6\-,' afﬂjlwd
[isbirn of spmielime wito spauliis byprsufaces !

= N ,)wﬁfrf‘ hot'ce for the coovdimaite Sgppleren .
(p.;,/w prfered ofousal Cime £ spuce cs)
0 BeA the cloree 7¢J$ MI(%J the ﬁ-«x"o--s above,
ie. bhey ave in povt cHwdimals syrlon dipmolont.
o oy sun il of il fim
=) We way choose auv sz so thar-
Hhese framHaons P,1,E8 Vw, b vew'sk o WI""/7

5/22 &
¥

irsa: 16030021 Page 9/40



File Edit View Insert Actions Tools Help

}( Yook o lhe ooloy 1 /0 yeovs fo o’a;%l)r Cla's ”,u’; ”f«cs'b'a-u./

0 Tov_dAasked refovances, see eq.: =

X A 2{0 HO, hepof‘/OJIOI 62 (’-‘aﬂns caw/nc‘f‘)

+ R. Hgmacuku,;v of oL, Pl‘yu'u Rclnvﬂ 215,203 (111) (lD‘u”

a Reswﬂ:

;{—Iw S'vwl” &Lmow'a‘ej (I’*avaﬂv /au'fvv‘qat'w) wavl),

5/22 A
¥

irsa: 16030021 Page 10/40



File Edit View Insert Actions Tools Help

a Resulbf :

&?W SdMn” QLM:N'&?J (f‘*ovdov /auuv‘%h) lely
) u-nlwm’m'kes tom loo limaniled ,47 senfolle cowdinali hutce

2 fxa/v/, thew ave two frelds, which ave cowdimals syplom ,.: e,
Ialw" “ mo‘t/al-nw. /yw‘% .

I) A 5/94'&“1 6’”50";'0“

Tlu'j v A.,‘,' {1,7) JJ’G(/ J¥ rffwuvdb 7;...)-@-0((/:—”,

rY ” /] ‘l' l - 4- - ‘ 'll ‘ I -(. A

6/22 &
¥

irsa: 16030021 Page 11/40



File Edit View Insert Actions Tools Help

I) A s/ac'Cc‘J lesw Jred:

Tlu‘s v 11;,' {1,7) u'la{/ Jt r{’nﬂ‘uﬁ 7;;-@&/93-\“,
s0- called W¢7I aamturt,m—uu‘% ?-w"(dﬁrou[ e, A,"(K.?)
wtasiver how Spav > ,&au“/ olestonled ?mins/ Jl’u’l -

ﬂ) 15/:0&4 Sealow p oo, r, made of (a-wl)‘,u:f .S‘calov/ouf:

Duhfba&fmq«l, Y

SP(x,4) = €t
cormbpenes tm'€b the Scalov f)wf# he rvctone ué{.mc’;m'é‘csv

7/22 R
¥

irsa: 16030021 Page 12/40



File Edit View Insert

Actions  Tools Help

Duc bo the bonsliin cgm ,
54’“31,): € ()
cormbanes tm'€b the Scaloy port of the midare vﬁ&mc}cm'&es
L (),
o greld ome dymssmcal eti€y, Marmdy,

Y

veccll: () chaspnint hirns gt i ciflorton [eta.

7(%y) = - -E: @ ‘7)7-' Cly) = L(x,4)
: 1 1
oo m/ldfm f::,\ ”Scwé‘wq/:@w"‘ o/

7/22 R
¥

irsa: 16030021

Page 13/40



File Edit View Insert Actions Tools Help

T L UTT T s cal mc--uwm m/&.}m},z!«.

T(X“?) iz - _g_f (dz’ (7)9-‘ Lf(x',‘?) b E_P(X',‘?)

T T
from o flk o o Scallas partof
b rutae
o

P‘ﬂ'av‘(z, whkot & r(w,xz) z

# Tivst Gom: Lty) o1 the (seabow Jimitive s flanAusalion.

/

¥ Second tium:  Jun Lo o €, tha Cliy)is bt Stater fisld § Yo,

r
(omsuides Mo : d l(n/..l hocen /ov [oiatinas 7! sfmcfdm wto

5/000511 Ll'/,)ﬁv&uv w» 4 (7.«41 Crne va b

irsa: 16030021 Page 14/40



File Edit View Insert Actions Tools Help

0") fotiohi sg thot o Jw/.as 7(744»/&1«, 7,as~e bas: (= 0.

A ;74«.[ Girre 1‘7/"“”}" Aosen 50 bt L€
powits 7 q«Ju-ﬂa# 4’ hawe e’,«o(wéuiﬁime.

/Va'l'i: 0‘-‘17 FOSHM y(fa&cays ovey Liam e ((; sLowe
voll flation, YA mt e S tfe~). Y

a> We see thot 7(1,7) e1pwesses ww,uw:% melore [(-wﬁ«t'n;

ey Techmacally, tlese an fludualions im Lhe

9/22 |
'/ ]
/ > Vi L - " £ ¥

irsa: 16030021 Page 15/40



File Edit View Insert Actions Tools Help

"J) Folioki so thot on Jw/.us ¢¢7~Jfo‘mul Z owe bas: ¥ 20O
Jn thas case, a/a-uj cack count Cinne mﬁa Cheve

Y
2 w0 Lol bloatiy ~ buf inslead the infion fidld [luaitustss.

7(%,9) = - _Z_' (d% (7)9 Climy) = ¥(x,4)
Auestlion: ’
Why does the contubation of the vftuhtom
n tleg) bake ehi partecadam fom

a I(I) ?(!.‘ t)__ Z 10/22 Ié

irsa: 16030021 Page 16/40



File Edit View Insert Actions Tools Help

2 thas case, wé-u; cad cqunl Ciome wﬁ-a theve

v mo Lol 6,64&1, ~huh mslead the a&/&.fn ﬁﬂ ;&“t-a-ﬂr.

7(%,9) = - g.: (d’, (7)9 Cliy) = ¥(x,~)
Aues biom: ‘
Why oloes {he comtnbulrom of CheloflAom
o r(.:,?) lake thas patcdar /m ;

f‘_’(J-) ¢y, Y) Z
a (7) é’l(?) v

- v
10/22 &
¥

irsa: 16030021 Page 17/40



File Edit View Insert

Actions  Tools Help

A'nsww:

* The a&JlJm‘s a;ulnmow'ul's “"fl/ ,&pc‘ﬂy
Wa € XPammon s .

=) sowt vegrous ovt abead, olhos A’ Ncbaed o tharv spansion,

¥ Chongiy the spaulime slicwig fownya)to b) hes
fvtw""puvf im bamsre wvvalinve , umé Local ‘ﬁ.&?

Sdl(r.z)
d(‘,)

wmdo p core o;u/(-bn ﬁ&o&uvaovt (U’, lz) :

8y (%) va the time sy " belueom shivigs a)ond b)

X Imoleed : ; e g

irsa: 16030021

Page 18/40



File Edit View Insert

Actions

Tools Help

"4 [ 4 T 7 ¥

W-v,,o»a € XPammon wlles
=7 Sowt veproms ove abead, olhos .&; Sebuid w lhuiy s1panion,

¥ (“-urn/ the spaaﬁbn S.&un, F‘.— a)to L) bes
totum pun mbvmse wmvalinse, ""‘“‘5 Local 6,64&‘.',

Sq(r,z)
atly)
mdo p ot w/“a-\ ﬂ..&..b'a-..s Cl«, ?) .
)
¥ Jmo&n( 8 (x) vo the time Uay “ beluesn shiviings a)ond b)
iﬁ _ /

irsa: 16030021

Page 19/40



File Edit View Insert Actions Tools Help

Rmﬁaﬁms :

TAC on{-n«uc Cervvadanme m‘ £;-u6¢$

égvvtmw((

T"'Y"‘:-&:‘e

Can Ao conma sfm’é emhanced marmel, ,
ar A lur/uus, Jor lose €o ole Schew woflafom:
HE

J'-!.,lw ﬂ(f) x €
Vi

o'.c.,[w H = .‘_‘:._ ~ comst (wa.l(.- H~ H’“))

c‘.t.,lw P~ cows¥

v
12/22 R
¥

Pi

IIIII

: 16030021

Page 20/40



File Edit View Insert Actions Tools Help

A The wmlvmne covvabinm ‘..1. rées

"""Y"-;--b—“{

Can At corma Sfmﬁ evhanced marmel, ,
ar A "'I’/""'” Jor lose €o ole Sctlewy wmfladaom:

l'-!.,lw alt) RJGH.&

v
12/22 R
¥

Pi

IIIII

: 16030021

Page 21/40



File Edit View Insert

Actions

Tools Help

0 Jubution:

%z 57 | vmesms Lok the focal timme Sug §+

/22 R
¥

irsa: 16030021

Page 22/40



File Edit View Insert

Actions

Tools Help

a a bylss a ¢ -

Thus: Assuame ¢ = _S_fﬁ << |
b4

» iz
54’»,

1 Jubution:

-i—} F7 | ‘meems toak Lhe Local ﬁmu@} 57

b Awscom 50’«&,5 n-)a...!b)é Iu}‘.
Thes cothol sorean Ic\7¢ »(x, ?)afm-in‘ us-/ﬁm-.

v
13/22 &
¥

irsa: 16030021

Page 23/40



File Edit View Insert Actions Tools Help

Cdd A be a,‘w“mz
Obserwmboons: We bkmsw the siye o (7] frow Lh
CMB. The ceavintbnrn f&ua'&-d&‘ws o
ave of oveln, (07°. Adso, thae i3 ¢t donce
hott Ue Hulll veduny (Sicocased M;

w/‘-"m . /Vmab, (Qﬂuﬂuo&'m-s 7

medss LhaX cowssed N Late ave samelley. So
u:-f(J-'m s u,w/adfé o&ﬁ-#/v—- e St e .
Js theee a /pn/orm( 5,&‘...; / ;/ma‘&}nw, Sas a)or b) o avaderwe 2

W NA daartiay i, oot oF Sy end pouid !

v
14/22 R
¥

irsa: 16030021 Page 24/40



Cddd A be a,‘w“-mz
Obsermbions: We bkmow (he sive o [~ fron Lhe
CMB. The ceavvatar JlnKnations »
e of oveln, (07°. Adso, thee i3 ¢ tdomce
oA Ue Wallle voduny (orcocased o(cm;

wf‘v&m : A'/onuﬁ, (Qﬂudu.&‘o-s 7

wmedss Lhak crwssed S Latle ave sameller . So
wfiom wwas sipurlecactly oot from do S~ .
Js theee @ fn/cd'no( 5,&“..; i 5/mat¢}ww, Sy a)or b) i aderwe 2

W WA g e flion, ot of Sy end posit !

14/22 R
(Y 2 42 ¥

irsa: 16030021 Page 25/40



File Edit View Insert Actions Tools Help

0 The expamtul adion

The adliom

I"rrt-'- gkylrdx

a TA’ SCQL' puf'

+ 2 (@ 969) - vw)m‘f

M)f,&l (A,;‘ndul "o second oveln o -f(c w‘om?au ats
on ovdey o il ounn €her e"a&ons ¢ molion Yo /;.,,sfavu(p

S=5 +5

.i

-
-

3}' f ?ly)é— r(;{’) (.a—:, r(x~, 7)) 7 Y ol Y

rd

b

15/22 &
22() 1. v

Pirsa: 16030021

Page 26/40



File Edit View Insert Actions Tools Help

T v W OeT oY ‘13"?& )r\m;ﬂ.ﬁu

+ ff((ar ") - Vh) Tyi o *

M’\‘/&t (",?‘n‘ad "0 secowd ovoln ol {‘1 y;"amw'uzs

S5 +5

A The $C~e¢v pavt: O

/ v
’S: - If ?f?) % 1"(!'7))(.'59::_, r(l,7)) ?i" d?g

al(y) 4
He~ve: 2(q) := _;szt_’ 4’4‘7) zw)

zm,...;-e @ (?)-- owstaly) amd = (o
- b“c sfaly) 4’ Conaf #

15/22 |a|
¥

Pirsa: 16030021 Page 27/40



File Edit View Insert

Actions

Tools Help

a Reml,
TAA'S aa&'am v S&:-m}&v '{a {Lt scadov e on wbn' A

we  con doved sa/a-v:
S =4 5 aa) (32 $ln)f #lur)) 5" d *x

Y
The 0'~l4 &%maw thot aly) o mow W/b&ad(py

e e wﬁ'avﬁd (bt sCG ll classical /c'xcll
bao{ru-/ [u-ao&m) Z2(y).

ﬂ ne &uSW po-y+: [ad‘ ‘d,’ AAS !xaof% owr well- bmowrn acbiom

; ! . v
S, < :.ch:r. 2. (aa"r )2 (b eg) 2 (ks () * "ot [ rE

irsa: 16030021

Page 28/40



File Edit View Insert

Actions  Tools Help

Thas aclron o scomitdow 1o the scalon adliom wbn'h
we cons dooved w/a—r:

5, = :{S o) (52 P2 $luyl) 9ol *x

The 0"‘4 a&%mv o thot aly) ©22 mow w/laa.(by
the svae covufﬁ'avﬁd (bt sC ll Aassical /-‘xu(

b-td’-u.-/ ;wnoém) Z2(q). Y

a ne bnSw po-y'f'.‘ [ad‘ lﬂ,, IMS !Jtao% O M‘/n-dm C&W%

S: = s'nr(, Z.ga"r 2 (7) (L (,7))7 Yot /

v
16/22 |z;
¥

Pirsa: 16030021

Page 29/40



File Edit View Insert Actions Tools Help

Quanli talion i rand b :
ad Tl\l ¢7MM"M 4/ Aol o Corme ah o le :
Scaloy, :

() + 22 n'ly) + k'r(y) =0

" /
dal?) ¢’ 2 p—
h,, ("}) + —‘:7;_—- L,-’-b (1) + k L;"‘. (1) =o

0 Sxevase: ut-n]7

ﬂ S‘{ﬂﬁ 17/22 I;:

irsa: 16030021 Page 30/40



File Edit View Insert Actions Tools Help

0 Sty
D%ml auxiliavy fodlds , 5o that €heve el e

N Rewl: Pv-emum% wm thas canse, thas Mau&o-u
O
)CC)(,‘,J ‘= a(.?} 4(;{,7)

acditved 2 egn of mtion wuafhawt frclion Cen:
X, (4) +(1.‘- %") X, (4) =0
0 Scalow cmﬂws.'
St e thate i 2 s venland o+ et

irsa: 16030021 Page 31/40



File Edit View Insert Actions Tools Help

N Recl: Pv-ﬂnm%  thas canse, thas defirmalion
)((l',qu — a(7} 4(!’,7}
acdinend an tgn of mlion wathowl froliom Com:
X, () +(L‘- e.") X, (4) =0

a S'cnlo' cmjws :

Soma it  thuy adion a v} w,.laadby 2, ned:

“(X,?) = -’/\? (A’) 1'(;(, ?)
Comnviam st fad‘w

TAA'.‘ ?0‘“5 f‘l gn. d o on M(‘dﬁﬂdvm' 18/22 Ii;

irsa: 16030021 Page 32/40



File Edit View Insert Actions

Tools Help

0 TL! t-njw cm/)ow-d/s:

Hevc,m COinn aqout G fwwaub% o Lbhe comasse:
P;"' (X,i,) .'.'.’-_y-—-l_—-‘— a.“") h"’.("‘l)

R2r6
Re cmvenied Ladtor

{a Ma‘; ‘é‘l C’n 1 wtt'on:

[ 1 {
P, (n) *(" - %,ﬂ) Py, (q) =0

Not ¥ T he CW,’MS aj poy @t nof
/4 aéo&/u-w&ul, e cannset by 04470

3
L"" awd ZA“- =0 awd u}/p-.fvaw

2y

h

iy s

19/22 R
¥

irsa: 16030021

Page 33/40



File Edit View Insert

Actions

Tools Help

Note:  yeThe compomads of p.. ave wf
/4 wo&f.-qu, e cann s L.-,‘ 0'4170

3
L.'J': L".' awd ZA‘-‘- =0 awd “;F“‘M
2y

3 3
g ’;g. “"«7. ("' 7) -0 ‘.‘C'Zkt' A.'j (k ;?) =0

3 Bn)‘l-: o e vedor adf/aa-d'a‘:é the
Aavedtion iy wbrnd the wmode f fw,’u,.bs,

= The egquation

3
2k biylky) =0

v
19/22 &
¥

irsa: 16030021

Page 34/40



File Edit View Insert Actions Tools Help

= The equation
3
ki bij (k) =0

For [n'x-w(ﬂ' , the wedfos
l‘t.'q‘ and k; ave av'/éalo-nnt

)_% stans thot A.',‘ Iqaq "o ca-m/am
=7 L:, Aegenbes tvamson sl tmies 54&‘; .-
CGcfonie sheav mm)/ mof /aur‘-o&m-(

wnwen (suwd as (.7. Sotund mm)

A L.’ possesses o-us 2 o&rmjﬁuo(aw :

1’7:,1(7) wmth L=1,0 o <4 X

20/22 wlR/
¥

irsa: 16030021 Page 35/40



File Edit View Insert Actions Tools Help

m? L‘"j I)OSHSSCS 0"‘6 2« 0(1,'“0 d ﬁﬂo&ﬂw :

14*,,;(7) b A=1,0 o 4+ X

¥ Prlen 3liom ole compy selonn:
Pes (k) = ZZ'; Ve () €05 (k) 2)

A,
HM, f,j-(ﬁ,k) Qe /ov (a.;‘ k ¢ torw a—v&{nr\/
loq/ ‘wed amatang %’éf,-'“,”i',‘[l,l)ta ol

3 3
£y o= &5 2‘2 o, Z'/r £,y =0

u - Cﬂv\m‘h)’ {0 d’asc 20/22 Iil

irsa: 16030021 Page 36/40



File Edit View Insert Actions Tools Help

¥ Pd(m-lﬂttan Ae o) $a Gomn:

pislhn) 1= 37 Ui )5 4,0
A=l,2

b A ﬁxa{ Mw rﬁnée,, (¢, :)s,,a 1) fo amd:

3
ZZ,';' -0 ) gk‘ f,-,' =0

2y

f!"' - ;7"',

U o omvemnarnt o foose
4
Efj (—kl )‘) = E:J (‘: 1)

Aecause UUa e baove (as md):

¥ v
vV, 2 (7): Ve .2 (y) 21/22 I:

Pirsa: 16030021 Page 37/40



File Edit View Insert Actions

Tools Help

P" ("7) ‘= % ’Ul";l (7)£‘J (k;l)

b A nd Mm ée, (6,1) £,006,2) = and:
;' /"77 "'1 )

fl’ .’;7 I Zf , Zk‘ E,-,‘ ::O

"2y

U o comvermnat o a‘oasc

£.(-k,2) = € (£.2)
Aecause tha e baoe (as wsnad): g

t); A (?)"’ u:,,l (7)

=) ’V-,,: (») + ("2'%) Yd») = O

/22 A
¥

Pirsa: 16030021

Page 38/40



File Edit View Insert Actions Tools Help

a TLCJ::J:
Guanli te &,{7), F’ () and calcudats 51; (Y)G-nl SL,,(Z)

Fn-u thovn A brr'ton hv;so'.y (af(n swln A '(‘c’ ave comstant),

a /%&a. We camnmet 9{% ve-use owv ole ScOfer vesulils ‘/: Mublawov variable /

1 gxpecl(afq‘o«s Ly '?/&ALQL“S 4 ;" ’m‘[l »6mls/ﬂu6m
{xiw-n'u'wl (and Chus (u-cutaaa’ cw&-:’ ) [Lﬁoﬁ«b'ﬁi
— b,-../u-..x-u Spedoven v CMB

# Tl Awakions 7 i ’MU prov: woows ﬁ-lr--/.
v 54%[4 a’:fen n po(ucMm 5,/-1vm i M. 2/2 g

irsa: 16030021 Page 39/40



File Edit View Insert Actions Tools Help

7 ;U

‘-7

o thavn A born'tonm 5"“‘;‘7 (./(n wbn A -(‘c’ ave comstant).,

A ./%zfcl ;. UWe cammet srfoﬁ ve-use ouv ole ScOfer vesulis ‘/t /ﬂ«“‘-uw vaviz ble /

O
14 gxpecz’af.‘oa-.s .y Fhlw Lo alions d r ’4'414( ‘6"'1‘/‘"'6’""‘

{x,on-u'u'm (and Chus eo-utaad’ c.ao{h:’ ) [&-i‘«b'ﬁ-!
— 6,-../”4-': Spedovan v CME

# ThowAwakions d i ?Jl prov- woows ,&I’uu-/.
Shao ld aﬂ:en P fo(tan S’IM d b

~~> BICEP2 eXperiament Soost oo ! . :

irsa: 16030021 Page 40/40



