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The structure of the large scale structure

large scales small scales
. mildly strongly
super-horizon scales linear scales non-linear scales non-linear scales
>
relativistic linear pert. theory non-linear N-body simulations
corrections pert. theory

k =~ aH =0.002 h/Mpc

A = 3000 Mpc/h

k~0.1h/Mpc k=03h/Mpc

A~ 60 Mpc/h A =20 Mpc/h



Non-linear equations
for pressureless fluid
and EdS

expansion

final expressions
for EAS
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Recap

63 = Ga4(a)A(K) + G2B(a)B(k)

|

7
General growth - Gl L HC y—8Css = gC:2(2f2+f’+Ff) = 5GQ(f2+S)

7
Gyp + FGyp — SGap = §GQf2

Real space-redshift space mapping S=r [1 I u(fr‘)]

RSD o 3 du, o kr (kp)" d391 H1 d3Q2 2 dBQn 229 i(k=>"" qi)r
ds(k) —/d r[d(r)—%]{e +Z o /(2%)3 q—lﬁ(m)/wgﬁ(qg)../ 2n)? Eﬁ(qn)e }
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Roadmap for today

* Redshift distortion

* General non-linear bias

* Kernels with bias and RSD

* Power spectrum corrections



Bias and RSD

n=1

1
real space dg(r) = b16(r) + Ebgé(r)2 + ...
, 1 Bq &P
Fourier space §,(k) = b15(1)(k) 4 §b2/ (2:)13 (2:;3 5p(k —q1 — q2)5(1)(q1)5(1)(q2) 4

30 . . du .
first-order term 5§1)(k) = /dBT[blé(r) — d—:]eZkr = /d3rb16(r)elkr —/dgrd—?:eZkr



Bias and RSD

1 3 ikr 3 ikr 3 kr
5; )(k) = /d r[bld( ) — d—]e = /d Tb15(r)€ —! /d 7"%6

from linear theory v(k) = iHékf%
. . r V d?)k/ k —ik/-r
projection along LOS ple] = . ﬂ = zf/ k,)k'zr
N, —ik’-r dgk/ N, —ik’-r dgk/
i =1 fowr (i) = fowre e
du . d3k : ' d3k
B e, - 3 5k/ i(k—k")-r By - / S k—k/5k/ <. S 25k:
[atrSpenr =g [ mam)e e ——f [ (k=)W =~ a(k)

(1) - 3 i - 3 ikr d3r— ikr
Linear Kaiser effect % o) /d glae) dr]e /d nbiolE)e / i dr g

(no FoG !) — 5(1)(k)(b1 + fu?)



Bias and RSD: second order

bs(k) = / d>r[6(r) —
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Take the first NL term n=1:

Apply the same
to every term

54(k) = b6 (k L5 “q dgq% k 5 (1)
9 ey (k) + 502 pk—qi —q2) (q1)0" (a2) + ...

2 (2n = (202

3
§g(k) = / d*r[byd(r) — 1e"“ arg, 49 o)

(2m)* ¢

43 o aann e 8
— / d*r / 20 1B15(qo) — B(qo)p2]eie0—arky, (273)13% (a1)
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Bias and RSD: second order

n—1
2 0(a:) 2 0(a). 220 )

- d3q1 d Q2 d Qn
) (k) z/ 271’)3 (2’ (2 [6(q:; 0((1]?- #I]JD k- Z ‘) (/1|LQY

Expand the fields

) y Y 3k, &3k
5 = &6t L) 4L 52()(2'] g 0 = —sz/5152G2(k1,k2)5D(k1 +ky — k) (271_)13 (27()23
' | 3y J3L
9 —— 59{11 +529(2] + . 5(2):G2/5152F2(k13k2)5D(k1+k2—k)dkl d kz
(27 (2m)°

And expand the i 1 Bq g , :
bias (k) = 010 (k) + 5bs / g npork—a - a2)0™M (a1)6™M (q2) + ...

Use all this and select terms at the same order in &




Bias and RSD: second order

609=3 [ o [ G [ G istan) ~ oantlont - Zq,)(""’") 42 (q2) 220(as). £20(qy)

n

3
5 K) = 516 (@) + 2 / it (‘f oo — e — a2) [50)(@)5 (a2) — 0 (@ )?] (5.4.23)
Pg &P
+/(27f)l 3 (@2 q)23[1 W(qy) — 0" (a)p3lop(k — aq —%)k#&o(l)(%) (5.4.24)
3
((;:)ls é:)z 60)(@1)6) (@) b F + Cofi? + 2 +fkub1 +f2u uk—léo(k @ (%4)2 |
5.4.25
a dex 80 (q1)dM) (qz) [ Fz + G2 fu? +b—+fku[ = + fui)lop(k — a1 — q2)
@n) @n)° SERE e o - (5.4.26)
.4,
d*q d* k
= | GrE? @3 @b F + Cafu? +g+d ”l%(bn +f13) + o+ i 1:‘0:“27)‘11 ~ )
d3q, d3
= | G @) (@) (a1, a2)n(k ~ a - a2) i

A new bias+RSD kernel ! Z2(q1,qz2) = i F2 + Gafu® + fTﬂ ﬂ(bl + fu3) + %(bl + fud)] + %
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However: bias is more complicated!

We don’t know much about sources of bias. It could
depend on nearby gravitational sources

a -
Tidal tensor K;; = (0,0;®) — §oijA<I>
- - i _ (2 S 2 _ 2, ij
Tidal scalar G2 = Ki; K = (0:0;®)" + 50107 (A®)" — 3(8:0,2)07 (A2)
2 1 2
= (0:9;®9)" — 3(A®)°

X kik; 1 <
Tidal scalar in Fourier space... Kij(k) = ( kzj = §6i,-)0(k)

...and another tidal scalar from velocity [y = Gy(®,) — Go(®,)
Potential...

More general bias d, = b0 +

.+_
o
Q
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B0 N
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More general
kernels!

b2
More general bias 6, = b6+ —2?-62 +bgGy + brl's + ...

However: bias is more complicated!

Z(Qa, qs) = b1{F2(qa,qs) + Bp*G2(qa, qs)

Bbuk 2 g
2 ; [ﬂaz (1+ﬁ#§;)+‘; (1+K3ﬂ¢212) }+?2+bcsl(qa,%)

Haz

Zs(a1,92,9q3) = b1 {F3(q1,92,q3) + Bu*Ga(q1,q2,q3) + Bukb[Fa(qi,qz) + Buiz. G2 QIaQZ)]

+ Bukb(1 + Bt )22 oz, @a) + BR324 4 gy AL

+ 2b:S1(q1.92 + 93)F2(q2,q93) + bcblﬁﬂkq—lsl (qz,4q3)

+2bpSi(q1,9:1 +q3)(F2(92,93) — G2(92.q3))
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Non-linear equations
for pressureless fluid
and EdS

expansion

final expressions
for EAS
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Recap

63 = Ga4(a)A(K) + G2B(a)B(k)

|

7
General growth - Gl L HC y—8Css = gC:2(2f2+f’+Ff) = 5GQ(f2+S)

7
Gip + FGhp — SCap = 5G2 f°

Real space-redshift space mapping S=r [1 I u(fr‘)]

RSD 3 du b (k,u)” dBQ1 H1 d3Q2 K2 d3Qn Hn i(k—=> " qi)r
ds(k) —/d r[d(r)—%]{e +Z o /(2%)3 q—lﬁ(m)/wgﬁ(qg)../ 2n)? Eﬁ(qn)e i }

n=
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Recap Il

b2
More general bias 6, = b6+ 3262 +bgGy + brl's + ...

Z2(qa,qs) = b1{F2(qa,qs) + Sp*G2(qa,qs)
buk
+ﬂ_ﬂ [“ (1+8u bz)'*’m"

b
2 (1+ﬁ"l'(212) }+§2'+bCSI(QOeQb)

a

More general

I —= -
kernels! Z3(q1,92,93) = bi{F3(q1,92,93) + B Ga(q1,92,93) + Bukb[F2(q1,q2) + Btz G- q"qz)]“s

2
+ Bukb(1 + Bl ) 22 Ga(az, a0) + (ﬁ‘; ) 521 + Bu lZ)‘“Z’z £3)
923 g2 43

+ 2b:S1(q1.92 + 93)F2(q2,q93) + bcblﬁﬂkq—sl (qz,4q3)
1

+2bpSi(q1,9:1 + q3)(F2(q2,93) — G2(92.q3))




Quiz time

What’s next?
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What’s next?

Now we use all this technology to derive the NL correction to
the power spectrum

17



So far:

5 (k) = 60 (k) Z, (k)

52)(k) = / i, i a0 e s N g
’ PHEIPIE ’

63 (k) = T dg2 dgs M (q1)6™ (q2)6"" (q3)Za(q1,92,93)dp(k — a1 —q2 — q3)
g @n)% @r)2 (27)° »Q2;

Zy(k) = by + fu®

Z2(Qa,qs) = b1 {F2(qa,qs) + Bu*G2(qa, qs)

buk
+ O |1y gy +

a

b
(14 Buz.) |} + 32 +b:S1(qa. qs)

Haz

Z3(q1,92,93) = bi{F3(q1,92,93) + B°Ga(q1,q2,q3) + Bukb[F2(qi,qz) + Bui..Ga(qr, Q2)]

(ﬁu) 2 Moz f13z
——bi(1+ Bp lz) 3 }

+ Bukb(1 + ﬂufz)%cz(%,%) +

+ 2bcS1(q1.92 +q3)F2(qz2.q3) + bcblﬁ#

+ 2bp Sy (a1, a1 + q3)(F2(q2,93) — G2(q2, q3))

(qz, Q:s)
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Higher order moments
of Gaussian fields

For instance:

Wick theorem: covariance is all that matters

(61...02p41) =0

(r--0p) = Y]] (6:6;)

all pairs p pairs

(01020304) = (0102)(0304) + (6103)(6204) + (6104)(0203)

19



NL power spectrum
53" (k) = 6 (k) Z, (k)

53)(k) = / i, i a0 e s N g
’ @) @n) ’

63 (k) = T dg2 dgs M (q1)6™ (q2)6"" (q3)Za(q1,92,93)dp(k — a1 —q2 — q3)
g @n)% @r)2 (27)° 2,

Pao(k) = (8,(k)55(1)) = ((80) +8@) 4+ 6)g(50)* 4 5+ 4 50)7))
= (8050) + (8607%) + (V8 + (875)") = (b+ fu?)* P (6.1.9)

- / (GxVor I 560) Z, (g ka) Zo (s, ka)dp (ky + ko — K)dp (K3 + ky — k)d*k, d®k,d>kad®k,

+2(b+ fu?) / (G880 Z, (K, kg, ka)Op (ky + ko + ks — k)d3k,d%k,d ks (6.1.10)

Quiz:
Why (8D §@*) disappears?

20



NL power spectrum

Pg(k) = (65(k)dg(k)) = ((61) + 6@ 4 60)),(6(1)* 4+ 52> 4 5C)%) )
- GPHD) 4 G5 + G+ GPE) = 64 5P -

- / (V55060 Z, (K, ko) Zs(Ka, ka)Op(ky + ko — k)dp (ks + kg — k)d®ky d®kyd®kyd®k,

+2(b+ fu?) / (Or 35 81 80)) Zs (ky Ko, Ka)Op (K + kg + kg — k)d¥ky ko d ks (6.1.10)

Wick: (0%, Oky OkaOkea) = (Ok, Oy ) (s Okca}) + (O, Os ) (O, Oka) + (O, Oea ) (O, Oka)

(Oky0ky) = (Oky0—ky) = PL(F1)0D (k1 — k2)

21



NL power spectrum

Py (k) = (85(k)85(k)) = (60 + 62) 4 6@)y(61)* + 53+ 4 53)°),)

* * 1 3)* 3 1)=* 2\2
= (8{18(1)*) + (82)6821*) + (85152)*%) 4 (88)6(1)*) = (b+ fu®)?Pr (6.1.9)
+ / (5157160 80)) Za (1 ka) Z (ks ) (Ko + kz — k)3 (g + ky — k)d*hyd*kyd*ksd®ky
/+ 2(b+ fu?) / (Or 35 81 80)) Zs (ky Ko, Ka)Op (K + kg + kg — k)d¥ky ko d ks (6.1.10)
Consider this integra firs (07, Oy ks Oa) = (O, Oy} (G Brca) + (O, O ) (07, Orea) + (57, O (07, O}

The first term vanishes:

using  (6¢,6%,) = Pu(k1)dp (ki +k2)

/(521 6;2)(6};96‘-4)22(1(1, kz)le(k:;, kd)ép(kl + ks — k)&D(k;} + k4 — k)d3k1d3k2d3k3d3k4
/ Pp(k1)dp (k1 + k2) Pr(k3)dp (ks + ka)Za(ki, k2)Z2(ka, ks )dp(ky + ko — k)dp(ka + kg — k)d ki d°kod’ kad®ky =

/PL (k1) Py (k3)Z2(ky, —k1)Z2(ka, —k3)dp(—k)dp(—k)d*k1d°ks = 0

22



NL power spectrum

Fyg(k) = (04(k)dq(k)) = ((‘5(1) + 6% + 5(3))9(5(1)‘ + 03 4 5(3)‘)9)

+ / (G5 V606(0)) Z, (i, K2) Za(Ka, ka)p (kg + Kz — K)Op (ks + kg — k)d*ky d*kyd*kydk,

% fu?) / (0 1600600640) Z5 (K, , ko, ks )op (kg + ks + kg — k)d3k, dPkyd®ks (6.1.10)

Consider this integral first

The other two terms of the first integral are identical and give

[ POk Pk 2201 Je) Zalbr K)o (ks + ey — K)ol + ey — )iy =

d*k,

= Pa
(27)*

/PL k1) Pr(|k — k1) Z2(ky. k — k;)

23



NL power spectrum

Pyg(k) = (85(k)dg(k)) = (61 + 6@ 4 50)),(6(1)* 4 5= 4 §C)%),)

+ / (G5 V606(0)) Z, (i, K2) Za(Ka, ka)p (kg + Kz — K)Op (ks + kg — k)d*ky d*kyd*kydk,

+2(b+ fu?) / (0 1600600640) Z5 (K, , ko, ks )op (kg + ks + kg — k)d3k, dPkyd®ks (6.1.10)

/ The other two terms of the first integral give

4/P(k1)P(k4)Z2(klaka)Zz(klfkd)‘sD(kl +ky —k)op(k, + kg — k)d*k,d%ky =

/PL( o) Pr(k — k1) Z2 (ki1 k — k1) ——

((5:.6}:1)(6&25:,:3)60(1( -k )5[)(1(2 + kg)Z;;(k], ko, k3)50(k1 + ko + ki3 — k)d3k1d3k2d3k3 —

Now the second integral:

3 identical terms /PL(kl)PL(kz)éD(kZ + k3)Z3(k, ko, k3)5D(k2 - k3)d3k2d3k3 —
&3k,
PL(k)/PL(k] )Z3(k k], —kl) (271’)3 = P3]

Ppy(k,2) = (b+ fu?)*PL(k,2) + 2Ps; + 6(b + fu®) Py (k, 2)

24



NL power spectrum

ng(k) = (Jg(k)ég(k)) — ((5(1) + 5(2) + 5(3))9(6(1): ¥ 6(2)* ¥ 6(3):)9)
= (651)5551)*) 1. (6$(72)5$(]2)*> e <6!(,l)5$(13)*> 4 <6!(,3)5$(71)*) = (b+ fﬂz)ZPL (6.1.9)

2 g /(5251)523)5l£;)51(¢:))zz(k1akz)Zz(ka, k,)0p(ky + ky — k)dp(ks + kg — k)d*k, d*k,d k3 d*k,

+2(b+ fu?) / (013581 80)) Za (y o, Ka)Op (K + Ky + kg — k)d¥k, dkadky (6.1.10)

Finally we obtain the one-loop spectrum:

Pyg(k,z) = (b+ fu®)*Pp(k,2) +2P5 + 6(b + fu®) Py, (k, 2)

25



Pyg(k)

NL power spectrum

P,,(k,z) = (b+ fu?)?PL(k,z) + 2P, + 6(b + fu?) P, (k, 2)

10%} y=1,2z=065  + y=1,z=165
10%¢
10001
100%.1 : A | : A A R B T ; p g ¢5 g
0.01 0.050.10 0.50 0.01 0.050.10 050 1
k (h/Mpc) k (h/Mpc)

Plin
Plin 4 P1 loop
PUV

Plin+P1 Ioop+PUV

Plin+P1 Ioop+PUV+Psn

26



UV correction: beyond single-stream

Pyg(k,z) = (b+ fu?)? Py (k,2) + 2Py + 6(b + fu?) Py (k, 2)

2
Stress tensor oij = pdij — n(divj + 3jvi—§5ij6kvk) — (6ijOkv”
b 2
Perturbed pressure P = Pb+Cpp0.
i it
A i
New free shear parameters &2
C=m o]
. i e 2 o cid 3c§v ai & s = A e cg e k
..rewritten o = ppd" + pplcsdd — Zﬁ(a'vj + &v* — 55”3}(0 )—7”5'-76;6'0 ]+ ...

27



0 — ikz—v":/’H

Fourier space

UV correction: beyond single-stream

2z s o 2 B 8 X e ox. 3
o = ppd + pb[cg&sz{ - Z%(a'vf + &' — 55"]6kvk)—%5”3kv"] A
Kronecker

~0,09() = 62K — 32, (K0 + K0 - 2K0) = G, K0] = iK[e26(K) — c20(k)
b
redefinition 2=c, +c \
==
therefore:

L5 G’J—Hk’(czd c20)—zk’(cz+fcz)6

Pl

28



UV correction: beyond single-stream

o ) - -
Euler equation with —v; +v;Vv; = -V, — =V,
stress tensor ot P

10,07 = iK(5 - 0) = ik (S + )0

New Euler equation:

'@ + FOP + 86 — (2 + 2 f)k26(V) = —G2 f2 /5&1)69),8(1(1, ko)dp(ky + ko — K)d?k1d®ks

\ J
|

Linearin ¢ !
UV: Important at high k!

29



UV correction: beyond single-stream

0@ 4+ FO@ 4 52 _ (2 + 2 k260 = _G2f? / 5\165Y B(k1,k2)dp (k1 + ko — k)d*k1d®ks

In the power spectrum,

The new terms give oty — _ZCOP(k)k2 “counterterms”

More general counterterms with FoG corrections

P.. = —2P(k)k?(co + c28u® + csB%u?)

30



One-loop spectrum with UV corrections

Pyy(k, . 2) = Z2Py + 2Py + 621 P3; — 2P(k)k2(co + 2B + caB2u)

Cormpuriscn with Noalinear Power Specoun (CAMBY
"No—wizgh" eormalized.

o
4 A
1 3 ; —u— Lirear e s L
Y —+— Noo-linear {CAMB) /
—+— EFT(Kyeo=-16 h mpc?)

005 010 015 020 025 030
k (h/Mpc)

Counterterms are very important at small scales!

31



Diagrams for the spectrum

A spectrum is a two-point correlator.
Rule: Draw two points and connect them in all possible ways
so that you form zero or one loop. This gives the one-loop NL spectrum:

l:’L P22 P13
» ot k T < Tl k g%k k
P=——@ -@ + [ 2 + ey @
S q_‘ ._\.-
u
Tree diagram 1-loop diagrams

&k
= Pas
@

/ Pr (k) Pu (| — k) Z2 (ko k — k)

Py (k) / Py (k1)Z3(k, ki,

e N

External line .
Internal lines



Diagrams for the spectrum

A spectrum is a two-point correlator.
Rule: Draw two points (vertices) and connect them in all possible ways
so that you form zero or one loop. This gives the one-loop NL spectrum:

PL P22 P13
k g=k k T < Tl k Q% k
P=—@®----- @ + —4 e - - e
u
Tree diagram 1-loop diagrams
More rules:

Ensure momentum conservation at each vertex
Any deformation that does not cut lines does not count as additional diagram
Each diagram is multiplied by symmetry multiplicity (eg, loop on the first or second point) and a Wick factor
Every vertex with p internal lines is associated to §) and a kernel K, (rem: K;=1)
For every n-point correlator at m-loops, draw n points and trace m loops

33



Example: P,,

P2

T i el
3 ’ 7

/<

§@(k) 5k
A A
| 1 |

/P((h)Zz(Qp qz)P(Q2)Zz(Q]aQ2)5D(k_ q, — Q2)

d q, d’ a9 _
@ry @)y %

(times a Wick factor and a graph multiplicity factor!)

34



Bispectrum

Definition of galaxy spectrum

(2m)*dp (k1 + ko) P(ki, ka) = (54(k1)d,(k2))

Definition of galaxy bispectrum

(271')360(1(1 -+ k2 + k3)Bg(k1, k2, k3) — (5g(k1)5g(k2)59(k3)) (
= (6 + 6@ + )i, OV + 6@ + )i, (6 + 6@ + ) k,)

{

35



Bispectrum

(27)°0p (k1 + ko + k3) By(ky, ko, k3) = (3,(k1)dg(k2)d,(ks)) (

= (6™ + 6@ + )i, (6D + 6P + ) g1, (6D + 6@ + ) )
|

First non-trivial term
(tree-level)

By (ki ka, k) = (389 (k; )88 (k) 862 (kg )) + cyclic

- Quiz:
Why (§M§Ms)y disappears?

36



Bispectrum

Bg(kl,kz, k3) = (651)(k1)5;1)(k2)5§2) (kg)) -+ CyCIiC

Then we need to insert:

51 (k) = 6 (k) Z, (k)
ds‘h d3Q2

57 (k) = (27)3 (Qw)sé(l)(ql)5(”(Q2)Zz(<h,Q2)5D(k — Q1 —qz)
therefore By(ki1, k2, k3) = Z1(k1)Z1(k2) (8" (k1)8™M (k2)88?) (k3)) + cyclic

k3 =2 _kl s k29



Bispectrum

By(k1, ka,ks) = Zy(k1)Z1 (k2) (6 (k1 )6 (k2)6(2) (k3)) + cyclic

k3 - —kl = k2:
(6™ (k1 )6™M (k2)88? (ks)) = (6.4.6)
(dzsf)ls %wm(k, )60 (12)8™M) (@1)6(@2)) x Z2(a1,92)dp(—ky — k2 — @1 — o) (6.4.7)
. / (‘;ST")‘S(‘;T";,{PL(kI Yon (ks + ka)Pr (e )én (g + @) ;
(6.4.8)
+ Pp(k,)ép(k; +q;)Pr(k;)dp(ks + qz) (6.4.9) - Wick theorem
— PL(k] )JD(kl + Q2)PL(k2)JD(k2 + q1)} (64. 10)

X (Z2(q1,92)0p(—ki —k2 —q1 — q2) (6.4.11) )



Bispectrum

(8 (k1)) (k)8 (k) = (6.4.6)

2 (5 0)d) (k)0 ()0 ()  Za(as, 02030 (s — s — s — ) (6.4.)
(f;)g (‘;fi, {PL (k1) (k1 + k2) PL(an)dp (a1 + q2)

(6.4.8)

+ Pp(ky)dp(ky + a1) P(kz)dp (ks + q2) (6.4.9)

+ Pula)in(ks + @) Pr(k)bp(ke + 1)) (6.4.10)

x (Z2(q1,92)dp(—k1 — k2 —q1 — q2) (6.4.11)

The first term in curly brackets vanishes, since ép(q; + q2) implies q2 = —q;, but Zz(q:1,—q;) = 0 due to
the property (5.3.48), that is respected also by Z;. The second and third term are identical under exchange of
q1.qz and therefore

Bg(kl,kz,ks) — 221 (kl)Zl(kz)X (6.4. 12)
d*q d*
/ (2:)13 or (1)23 Pp(k1)dép(ki +q1)PL(k2)dp(kz + 92)Z2(q1,92)0p(—ki1 — k2 — a1 — q2) + cyclic
(6.4.13)
= 2Z,(k1)Z3(k2) Z5(ky, k2) Pp (k) Pp (k2) + cyclic (6.4.14)

where we used the symmetry Z>(—k;, —kz) = Z2(k;,k2). This is the tree-level bispectrum, that is proportional
to the square of the linear spectra and is therefore of the same order as the spectrum 1-loop corrections. The
expression for the four one-loop bispectra are given in e.g. [1], |7].



Bispectrum diagram

Bg(kl,kz,kg) = 2Zl(k1)Zl(kz)X
d*q dq
@n) (2n)3

= 27, (k,) Z2(kz) Zo(ky, ko) Py (ky ) Py, (k2) + cyclic

(6.4.12)

Pr(ki1)dp(ky + q1)Pr(kz2)dp(kz + q2)Z2(q1.92)0p(—k1 — k2 — q1 — q2) + cyclic

(6.4.13)
(6.4.14)

o wAC -‘~'. »
B= e + & & + e
» . °
|
one loop

5261 5° 5352 61 628% 6% 6463 61

) 2
o

| »
J

5*61 81




