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Outline:

LX L]Ul\'.ll:‘ﬂ({‘ pﬂm’lpl(': a generic test of modified gravity
- with Alberto Nicolis.

VL anty: symmetry in f‘h(‘ measurement of LSS

- with Camille Bonvin &t nrique Gaztanaga.

3. Dilation & ‘K‘I]Uﬂd: symmetry in the t'l’u‘nnj ot LSS

B WIllﬁ Kurt | 11nt'<'|'l1|fhi(-|‘ & Justin I\iﬂuurlaj.
Walter (’:nlc”wc'rgc‘r & Alberto NIL‘()IIS.
k'l':'mmvnl. (ch‘.tlf.(':%. Simonovic & Vernizzi,

Bart Horn, & Xiao Xiao.
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Summ.‘n‘q I:

[est [.l i PI"('h('I‘lL'(‘ (){“ extra l.h(.ll.ll'\ ll-L nces !Hi ]L )UL’IH}-; {-()I' U{-{‘—f('fﬂ(‘l'('t‘[

|"|. l*.'L' l'l( )[(‘54

Footnote: No Hn:' f'|1('n|c'm for k;.|l||<'ur'1:= {ellEf=E leultn_\.

Footnote 2: The case of massive gravity (Gruzinov & Mirk m!mi]l. Berezhiani,

Chkareuli, de Rahm, Gabadadze, 'ImHmj‘.

Footnote 3: Analc S for chameleon mechanism (!\l'unu'r}. W<‘|t'm.'1|1:

Hu; Jain, \:’,1:‘:(41-1' _Ni.an: | hnl'[ﬁ.‘)ﬁ. N, —’\{‘nhun‘h, Mann, Davis; C. il‘ll'c" \’lL‘l'.lm.
f

Zhao, Jain, Koyama; LH, Nicolis, Stubbs).
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lc‘lc‘.n 2: P;u'll'.tl n t]’)c'. measurement of LSS

e ltis gc‘n('l'.i”zj assumed P;mh; 1S |‘('.-ai1<‘(lm‘[ in measurements ot 1SS,

|()F' g( ) )t‘l reason:

(§(21)5(z2))
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lc‘lc‘.n 2: P;u'll'.t] n t]’)c'. measurement of LSS

o ltis gc‘m'm”tj assumed P;mh; 1S |'('.-4EW<‘(Im‘I in measurements ot 1SS,

|( n &;( ) )('] reason:

(0(x1)0(x2))
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lc‘lc-.n 2: P;u'll'.t] n t]’)c'. measurement o{“ S5

o ltis gc‘n('i'.i”q assumed P;mh; 1S |‘('5i1<‘(lm‘l in measurements ot 1SS,

|r.)t‘ g( ) )t‘l reason:

(§(21)5(z2))

I

o But how about cross-correlation between 2 different kinds Ul(.‘g‘;l[.i\lc‘.‘-’v‘

A& BT &

(0a(x1)dp(x2))

(0p(z1)0a(22))

VEersus
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-

Whnf c,ou]cl P(‘ﬁﬁﬁilil‘q violate Pul'lt{J

( )l‘*.“u(‘r\'(‘l'
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-

Wh;af cou]cl Pi)ﬁﬁilil‘q violate P;n'th

( )l»m-r\'c‘l'
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-

Wh;af c,ou]cl Pu:-‘»ﬁ:[wl” violate P;arth

(l)j.'_l'.'l\'.

C )l‘?.“:(‘T\'c‘l'
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What could P():-'.Sjlﬁl‘(i. violate P‘”"“J'?

C )l‘rm-r\'c‘r
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What could Pu:-‘»mlwl‘q violate P;arlta_l'l‘

nl‘*m-r\'c‘.r
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-

Wh;af cou]cl Pi)ﬁﬁilil‘t} violate P;arltaj

( )l»m-r\'c‘r

Ecross(Za — ZB) 7 Ecross(ZB — 2 4)

e, whc'thvl' Bisin {:rnnt ulr. or 1v<-h|m‘1 A, matters.

WU|I.1Lq Hansen & | I|ur'|+1 - average Iv.(j Hl'.acLlng clusters

Also: McDonald; Yoo, Hamaus, hc-!].sL & /.llt{‘””.]‘\v;‘l; Zhao, Peacock & Li;

Kaiser; Croft
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What could P()Sﬁilﬁl‘t} violate parity?

C )l‘}:‘:(‘r\’c‘l'

Ecross(ZA — ZB) 7 Ecross(ZB — 2 4)

e, whcthvl' Bisin {:r'unt ulr. or 1v<'h|m‘i A, matters.

WU|I.1|<‘ Hansen & | I|nr'l'h - average Iv_(j 51'.1(L|n_‘4 clusters

Also: McDonald; Yoo, Hamaus, hc-!].sL & /.IILLIFH.\‘};‘!; Zhao, Peacock & Li;

Kaiser; Croft
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What are other P;qu violnhng effects?

o Often ls;l‘nllp(‘(‘[ under the he: Hm‘ga:%Z.q'n:-:';x[ relativistic etfects:

1
5 !
k k* Bonvin, Durrer; Raccanelli, Bertacea, Dore,

T Maartens

11. ity vic slat iNg

Jobs, ~ 0 {l f

H H‘:} Yoo, | |t,'}-.m:‘.L_."|:. ['”“".“\'"R hallinor, Lewis;

e More mlmd;mv. but Pr‘(‘ﬁc‘l‘tf': evolution.

( )I‘!.‘-’r{'l'\’(‘T'

B A B

e an Al:—kc‘ﬂf'{lﬂlg_"lt‘ ]wt'Wc'c'n i'iu‘ two.

Footnote I P.‘n‘whj violation un[q in the z direction.
Footnote 2: O(H/k) terms can be derived in a ‘Newtonian’ manner.
Gravitational redshift term canceled, assuming gvncivmc motion.

Footnote 3: selection effects.
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| essons tor LSS measurement:

g ¢
b

A

e Don't |u.~wt' add:

Subtract too:

e
S

Or, more gvn:-r.a”zj: combine different orientations .s}‘:[ﬁra)le;il'c-]”,
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What are other P;n‘lhj vio]nhng effects?

o Often ls;l‘nlip(‘(‘l under the he: Hm\gan(:.q('n:-:';xl relativistic etfects:

1
" ] f
ke k* Bonvin, Durrer; Raccanelli, Bertacca, Dore,

T Maartens

1 arity vic lati 134

Jobs, ~ 0 {I f

H H‘:} Yoo, | |t,'}-.\1u‘.L_."|:. [.\III.\.|“,|_\ hallinor, Lewis;

¢ More IIllJI‘ICI.‘lH(‘. but PI‘L‘H(‘I‘Lf': evolution.

( )f‘!.‘-’r{'l'\’(‘T'

B A B

o an Al:—kc‘ﬂi'{lﬂlg_"lt‘ ]wt'wcc'n i‘iu‘ two.

Footnote I }mnhj violation un[q in the z direction.
Footnote 2: O(H/k) terms can be derived in a ‘Newtonian’ manner.
Gravitational redshift term canceled, assuming gec desic motion.

Footnote 3: selection effects.
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What are other Pm‘lff} violnhng effects?

o Often ‘;;r'nupccl under the he: h‘llﬂ‘gcJ‘T:‘s;(‘rk‘t‘.'ll relativistic etfects:

1
> ] f
f.‘ k* Bonvin, Durrer; Race .!||<‘l|r. Bertacca, Dore,

T Maartens

1 arity vic slat Ing,

Jobs, ~ 0 {l |

H H‘:} Yoo, | |t,'}-.m:‘.L_."|:. l.un.\lr‘,\_R hallinor, Lewis;

e More mnm{'mv. but Pr‘(‘ﬁc‘ﬂf': evolution.

( )f):-}{'l'\’(‘T'

B A B

e Can A!h(‘ﬂf{lﬂ}_‘](‘ l*c't'Wc‘:‘H i'iu‘ two.

Footnote I P.‘H‘]f'!j violation un[q in the z direction.
Footnote 2: O(H/k) terms can be derived in a ‘Newtonian’ manner.
Gravitational redshift term canceled, assuming gc-ndvmc motion.

Footnote %: selection effects.

Pirsa: 15040093 Page 22/53



| essons tor LSS measurement:

B
Don't |u.~wt'.n‘1a4: / +
sn I‘).
B
Subtract too: / —
A I*y.

Or, more gener: 1”:j: combine different orientations .s}‘:[ﬁra)le.il'c-l;j,

Question: do we need to cross-correlate mu|f'||.\[c- }.mlm|;1l-mns to

see P ity \-‘lc)l.if'ml};c‘{.i-: cts In 1’113;|'1<-|' N~Pumf functions?

Pirsa: 15040093 Page 23/53



| essons tor LSS measurement:
e Don't I[lht'.]("]('l:
hn}wl'l‘.u‘t' too:

A B A

Or, more gvn:-r.a”zj: combine different orientations .s}‘:[.m)le;il'c-l;j,

e Question: do we need to cross-correlate mu|f'||.\lc' }.mlﬁu|.1t-mns to

see P ity \"lt)l.if'lﬂki;(‘{.i-: cts In }'n‘glw:-l' N~anf' functions?
A A

Answer: no.
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Idc'n %, r"lc1|“1~P<‘.|‘h|r!xli‘lvv. consistency rc[;ih()ﬂs in LSS

I. Consider a familiar <'\_|mp[(' of symmetry: .'-vi‘.ll'l.l] translation.
=2+ Ar , where Az = const.

Its ¢ onsequence tor ¢ nrrr“.lh:m function is wv” known:

()l J'-)]l_l(.l‘.(}} (p(xy + Ax)p(xy + Az)p(xy + Ax)) Ty
For small Ar,we have:

(p(x1 + Ax)d(xg + Ax)d(xy + Az)) ~ (d(x))p(xe)Plxs) + Ax - Oy (P(xy )p(x2)d(xs) + perm.
I'hus, .1||<'1'|L1l|\.-(-|(]. we sauy:

(P102¢h3) 15 invariant under ¢ = ¢+ Ax- 3¢ ie. Az 0i(d1dads) + perm. =0
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IC{(‘.“. %, r"1<1|1~P<'.|‘h|r!xli‘lvv. consistency rc[;ih(ms in LSS

I. Consider a familiar <'\_|mp[(' of symmetry: .'-vi‘.ll'l.l] translation.
=2+ Ar , where Az = const.

Its ¢ onsequence for « nrrr‘}.lh:m function is well known:

{r,‘)(.f'l }:‘)(J'Q)I_J(.I‘.(]} {r'i{.f'| f A.J‘]U[.I'J T A.!'}(.‘!(J‘_“ t .A!}:} Iy
For small Ar,we have:

(::r.'l(.f'[ 1 A.l')-_':[.r: - Ax)o(xy + Ai}) ~ (r Wy )p(xg)dp(as) 4 Ax - O (plaxy )d(x2)¢ J(.”) + perm.,
Thus, altern: m\-(-h,. we sal:

(r,“)llil)zﬂll“;) 15 1invariant “”.{(q O = O+ ,_}J' Od l.e. ,.3.1' . (}| f:r,‘1|:,‘J".r,J;|) f perin., 0
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Idea %, m1|“1~P<‘.|‘h|r|mi‘|vv. consistency relations in LSS

I. Consider a familiar <'\_nnp[(' of symmetry: .'-v[‘.ll'l.l] translation.
£ > T | AJ' 4 \‘\'lll‘l‘!' AJ' ('EII].\i‘

Its ¢ onsequence tor ¢ nrrr‘\.lh:m function is well known:

(p(x)p(x2)p(as)) = (p(x1 + Ax)p(xy + Az)p(xs + Ax))
For small Ar,we have:

(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(xy)p(xe)P(xs) + Ax - Oy (P(xy)p(x2)d(xs) + perm.
Thus, .1|Ic'1'|mf|\-c-|(]. we saly:

(r,“}ll.")z[,'l“g) 15 invariant Hl]-{(‘l O = O+ ,_}J' . (‘J(,‘r l.e. ..&‘t' ' f}| l.‘:r,‘1|.“,)..r,1.‘|) f perm. 0
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Idea % r"1<1|“1~[J<'.|‘h|r!1.'li‘lvv. consistency relations in LSS

I. Consider a familiar <'\_|1np[(' of symmetry: .'-vi‘.ll'l.l] translation.
=2+ Ar , where Az = const.

Its ¢ onsequence for correlation function is well known:

':r,‘)(.f'; }:‘J( J'-))I_J(.I‘.(J} {r'i{.f'| } A.J‘]U[.I'J T A.!'}r;‘)(.l‘_‘ﬁ t .A!}:} Ty
For small Ar,we have:

(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(x))p(ae)p(xs) + Ax - Oy P2y )p(x2)d(xs) + perm.
hus, altern: 1f|\-(-|(]. we sal:

(r,“)ll.")zﬂll“;) 15 1invariant “”.{(q O = @4 ,.,}J' O l.e. A‘t' . (}| f:r,‘1|:,3J".r,J;|) b perin., 0
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Ific'n. %, m1|“1~P<‘.|‘h|r!xli‘lvv. c.(msiﬁtc'.nct] rc[;lh(ms in LSS

I. Consider a familiar <'\_|m}1[(' of symmetry: rw[‘.ll'l.l] translation.
=2+ Ar , where Az = const.

Its ¢ onsequence tor ¢ nrrr‘\.lh:m function is wv” known:
(p(xr)p(x2)p(xy)) = {(p(xy + Ax)p(xa + Ax)p(xs + Ax))
For small Ar,we have:

(p(x1 + Ax)d(xo + Ax)d(xy + Az)) ~ (d(x))P(x2)P(xs) + Ax - Oy (d(xy)p(x2)d(xs) + perm.

€

Thus, .a|lc'1'|mf|\-(-|(]. we sauy:

(r,“lll.")z[.'l“g) 15 Invariant lm.{c‘l d= o+ Az -0 e Arx < ih {r.‘uf.‘!;nl;;) = perm. 1]

2. Consider a different symmetry: :Jn{ t HI\;I‘l'.!\'ll'.!t'j()ﬂ.l[ E\g!l'('r'lll.ll
¢—¢d+¢c , wheree const.,

For small C,we have:

{(r_.';l b e)(da + e)(ds + ) ~ (:.‘;,1_(1::‘;;;} } r'(r'qt";-_.} { ('(.‘,)-_’ru;‘) | “(‘-"l'-’.i‘)

Thus, s: wying, (prdadds) = (1 + ¢)(P2 + ¢)(P3 + ¢)) 15 equiv. Inrv.lrpu_:;:

e({p12) + (ahs) + (P1¢p3)) = 0 =— ¢ lear |rj false!

Conclude : (drdacps)  1s not invarant under ¢ = b+ ¢
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Idea % m1|“\~P<‘.|‘h|r!xli‘lvv. consistency relations in LSS

I. Consider a familiar <'\_||lrp[(' of symmetry: ."\E‘.ll'l.l] translation.
r= x4+ Ar , where Az const.,
Its « onsequence tor ¢ nrrr“.lh:m function is well known:
(par)dp(x2)p(xs)) = {(p(xy + Ax)p(xa + Ax)p(xs + Ax)) Ty
For small Ar,we have:
(Plxy + Ax)d(xs + Ax)d(xg + Ax)) ~ (D)) d(xe)d(xs) + Ax - O (P )d(x2)@p(xs) + perm.
Thus, altern: mu-h,. we sauy:
(r,"qu')-_:f,'JJ) 15 invariant Hn.{c'l O—= o+ Az -0 ie Arx - th {r.‘uf.’!;nl;;)  perm. 1]
2. Consider a different symmetry: :Jnl t In gy |\'|I'.|t'1u11.1[ E\g!l'('f'lll..l].
o= ¢d+¢c , wherec const.,
For small C,we have:
(1 + e)(b2 + e)(d3 + €)) ~ (hr1pahs) + c(P1d2) + e(dachs) + e(dreds)
Thus, s: 1ying, (prgpadds) = ((P1 + )Pz + ¢)(P3 + €)) 15 equiv. to saying, :
e({p12) + (dahs) + (P1¢p3)) = 0 =—— ¢ lear |rj false!

( nlh']H\'I(‘: (r"|r."-:f.-"::) 15 not invarant 11m'|(-r' O—=>Q+cC
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Idea % m1|“1~P<‘.|‘h|r!mi‘|vv. consistency relations in LSS

I. Consider a familiar <'\_||Irp[(' of symmetry: .'-vi‘.ll'l.l] translation.
£ * L | AJ' " \‘\'ll(‘l‘!‘ A.J" ('EII].\i‘

Its « onsequence tor ¢ nrrr‘\.nh:m function is well known:
'\J_r.‘J(J': )l g )I_I(.I‘,( ]} {r"{ r + A.J‘JIIJ[.I'J t A.f'}r.‘)(.l‘;‘ + Az }}
For small Ar,we have:

(::r.'l(.f'l 1 A.r')-_':[_r: - Ax)o(xy 4 Af}\; ~ f:ri(.f']Jr.'if_.l'::]r.'l(.l't> + .'l‘f"flj|'i:|‘"}(.l'|}:“J(_J'-_r}li(.f‘.(:] + perm.,

Ty

hus, altern: 1f|\.-(-|(]. we say:

(P1P2¢3) is invariant unc ler ¢ = ¢+ Az-0¢ ie. Az O (d1dads)+ perm. =0

2. Consider a different symmetry: shift \II\}I‘l'.!\'ll'.!t'k)ll.l[ E\r.!l'('HlI.I]
o—=+d+c , wherec const.

For small C,we have:

{(r_.';l } f‘)(.‘.‘r-‘g } f'J(r_.');; { (J) ~ (:.‘111_"1:.");,} t r'(r'q:";-_;} { ('(_:.)-__.ru;‘) { f‘{t,‘)[r,)l‘}

llm:s.:v.upnl}; (propacds) = (1 + )Pz + ¢)(Ps + ¢)) 15 equiv. to saying, :

c((Pr12) + (Dagha) + (d1¢a)) = 0 +— ¢ lean |r1 false!

Conc ]u\'lv: (r"|r."-:f.-"::) 1s not invarant 11m'|(-r' P—=>Q+C
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Idea % m1|“1~P<‘.|‘hlrimi‘|vv. consistency relations in LSS

I. Consider a familiar <'\_|mp[(' of symmetry: .'-vi‘.ll'l.l] translation.
=2+ Ar , where Az = const.

Its « onsequence tor ¢ nrrr‘\.nh:m function is well known:
{r,‘)(.f'; }:‘)(J'Q)I_J(.I‘.(J.\f {r'!{.f'| f A.J‘]l,l[.!'g T A.!'}r,‘!(.l‘;‘ f .A!}:}
For small Ar,we have:

(p(xy + Ax)p(xg + Ax)d(xy + Az)) ~ (d(x))p(ae)P(xs) + Ax - Oy (P(xy)p(x2)d(x3) + perm.

Ty

Thus, .a|lc'1'|mf|\-(-|(]. we sauy:
(10203} isinvariant under ¢ = ¢+ Az - ¢ e, Ax . Oy {dr1d2¢s) + perm. =0
2. Consider a different symmetry: :Jnl t HI\;I‘l'.!\'ll'.lhuﬂ.l[ E\g!l'('!"lll.l]
¢—d+¢c , wherec const.,
For small C,we have:
{(r_.';l } f‘)(.‘.‘r-‘g } f')(rl.');‘ } ()} ~ (:‘.‘111_"1:."!;,) { r'(r'qt";-_'} { ('(_:,)-__.ru;‘) { f‘(t,‘)lr,)l‘:‘
llm:-.:v.ujml}; (propadds) = (1 + )Pz + ¢)(Ps + ¢)) 15 equiv. to saying, :
c({prha) + (h2d3) + (P193)) = 0 «—— clea |rj false!
C.onc ]H\'I(‘: (f"|r.'?';f.-":;) 15 not invanant 11m'|('r' O—=>04+cC

What makes the second case so different?
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Idea %, m1|“1~P<‘.|‘hlri?.'li‘|vv. consistency relations in LSS

I. Consider a familiar <'\_|mp[('n| symmetry: .'-vi‘.ll'l.l] translation.
r=24+Axr , where Az

const,

Its ¢ onsequence for « ('H'H“.Ih:!ll function is well known:
(par)p(x2)p(xy)) = {(p(xy + Ax)p(xa + Az)p(xs + Ax)) T

For small Ax,we have:

(plzy + A.r')-_':[_r: - Ax)d(xy + .Af}\,u ~ (r;(.f'] Jp(xa)(xs) + Ax . (@, }r)(‘l'-_r}li(.f‘.(i\ + perm.
Ihus, alter Ihlfl\.'(‘llj. we sauy:
{D1¢pacha) is invariant under ¢ = ¢+ Az 0o ie. Az -0y (prdads) + perm.
2. Consider a different symmetry: :Jnl tin ;;l'.l\wl'.lt'mn.l[ E\g!l'('r'lll.ll

D=+ P+ C

0

where ¢ const,

For small C,we have:

(1 + )2 + ) (s + ¢)) ~ (dr1adds) + eldida) + elbags) + (i)
llm:-.:v.ujuu" (Prdada) = ((d1 + ¢)(P2 + €)(¢P3 + €)) is equiv. to saying :
('((4'3“"»__.:) f l:r,'l:('i“) { (r,':lr'i;g)]

ik ‘h“‘ll |rj |4|l.‘~c“
[r'l| r,'i-:r,'::;)

Conclude : is not invariant under ¢

» Q1+ C

What makes the second case so different?  We gener: ||]1| choose some EXpe
for ¢ e.g ()

ctation value
0 . The choice breaks the shift symmetry 1.e. spontaneous symm |a|c~.|L|r1‘»;.

y

I. Unbroken symmetries —— invariant orrelation functions

HI\: ntanec :unh] broken symmetries —> consistency relations.

Pirsa: 15040093
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Idea s m1|“1~P<‘.|‘h|r!xli‘lvv. consistency relations in LSS

. Consider a familiar <-\_nnp[<-n| symmetry: .'-v[‘.ll'l.l] translation.
z=z+Ar , where Az = const.
Its « onsequence tor ¢ nrrr‘\.lh:m function is well known:

((z1)p(x2)P(x3)) = (a1 + Ax)p(ws + Az)d(as + Ax)) S

\

For small Ar,we have:

(:r.'l(,r| 4 A.f')l_'l[.l': - Ax)o(xy 4 Ai}} ~ f:ri(.f']Jr.'if_.l':)r.'l(.l't> + .-l‘r'-r'.i|f.::;}(.1‘|}r){_l'-_’}n(.r‘.() + perm.,

Ihus, alternat IL'(‘l[]. we sauy:

(P102¢h3) 15 invariant under ¢ = ¢+ Ax- 3¢ ie. Az i(d1dads) + perm. =0

2. Consider a different symmetry: :Jnl 1 HI\;I‘l'.l\'ll'.lt'j()ﬂ.l[ E\g!l'('r'lll.ll.
o= ¢d+¢c , wherec const.,
For small C,we have:
{(r,’;l { f‘)(.‘.‘r-‘g { f'J(r_.');‘ { (J} ~ (:.‘111_";::‘)”} { r‘(r'qt";-_'} { ('(_:,‘r-__.ru;‘) { f‘(t,‘)[r,)l‘}
llm:-.:v.uju!?" (propadds) = (1 + ¢)(P2 + ¢)(Ps + ¢)) 15 equiv. to saying, :
e({d1d2) + (ahs) + (D1¢p3)) = 0 =—— ¢ lear |rj false!
Conclude : (drdaps)  1s not invariant under ¢ = ¢+ ¢

What makes the second case so different?  We gener: l|]1| choose some expec tation value

tor ¢ eg (¢)=0. Ihc'\'hnl(i'I’1'<'.!L:‘|l|l('.'~ln“r-fjlnlﬂvf!'ql.:t.‘wi!:ml.lrlt'nllh symm |=|‘c~.|Lxrn;.
1. ( l|1|\u\Lc'\1:-1|m|n<'h ies —— invariant correlation functions

S ntanec :unh] broken symmetries — consistency relations.
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Idea s m1|“1~[J<‘.|‘h|r!1.'li‘lvv. consistency relations in LSS

1. Consider a familiar <-\_nnp[(- ot symmetry: rwi‘.ll'l.l] translation.
r=24+Axr , where Az

const.

Its « onsequence tor ¢ (N’H‘Llhﬂll function is well known:
(p(ay)p(x2)p(xy)) = {(p(xy + Ax)p(xa + Az)p(xs + Ax)) T
For small Ar,we have:

(::r_'l(.!" 1 A.r')-_':[_r: - Ax)o(xy 4 Ai}) ~ (ra(.f'] Jp(xg)(xs) + Ax (@ }u(_l'-_’}:i(.r‘.(:l + perm.,
hus, alter Ihlfl\.'(‘llj. we sauy:
(P12¢h3) 15 invariant under ¢ = ¢+ Az-0¢ ie. Ax-dy(p1d2ds) + perm.
2. Consider a different symmetry: :Jn{ tin ;;l'.ml'.stum.;[ [\g!l'('f'lll.l]

D= PT+C

0

where ¢ const,

For small C,we have:

(($1 + €)(d2 + €) (s + ©)) ~ (Drbads) + c(d1da) + c(bads) + c(Probs)
[lHi:v.“v.leHll}“ (n‘nu'!;r.‘lg) {(r.‘u te)(¢2 + ¢)(¢s + ¢)) 1:-:\]11\\'. Inrv.lrpu_:;:
c({p1¢2) + (dadpa) + (P1¢a)) = 0 +— \:.':nlri false!
Conc ]u\'l(': [r'n:,‘;-;r,.'i;;) 15 not invarant 11m'|(-r' [

» @+ C
What makes the second case so different?  We _);rn(-\'.x”q choose some expectation value
for ¢ e.g ()

0 . The choice breaks the shift symmetry 1.e. spontaneous symm I!I'C'.ILIH‘\-‘;.

I. Unbroken symmetries —— invariant c orrelation functions

2 ‘llw: ntanec :unh] broken symmetries —> consistency relations.
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Ic{c'n %, m1|“\~P<‘.|‘h|r|1.'li‘|vv. c,(mslﬁh'.nczj l‘(‘.[(lf‘l()ﬂ.‘a eSS

I. Consider a familiar <'\_nnp[(' of symmetry: .'-vi‘.ll'l.l] translation.
=2+ Axr , where Az = const.

Its « onsequence for « nrrr‘\.lh:m function is W('H known:
(par)p(x2)p(xy)) = {(p(xy + Ax)p(xa + Ax)p(xs + Ax)) Ty
For small Ar,we have:
(p(xy + Ax)d(xg + Ax)d(xy + Az)) ~ (d(x))p(ae)d(xs) + Ax - Oy (d(xy)p(x2)d(xs) + perm.
Thus, altern: 1f|\.-c-|(]. we sal:
{1¢pacha) is invariant under ¢ = ¢+ Ax- 3¢ ie. Ax.d (p1p2¢3) + perm. = 0
2. Consider a different symmetry: :Jn{ tin gravitatic m.l[ E\g!l'('!"lll.l]
¢—¢d+¢c , wherec const,
For small C,we have:
{('»"I b e)(da + e)(ds +c)) ~ (:.‘;]'J'sz‘;;;} { r'f::'-“h-_.} { ('(_:,)-_gw;‘\; | “(‘-"l'-’.!)
Thus, s: 1ying, (Propacds) = (1 + ¢)(P2 + ¢)(P3 + ¢)) 15 equiv. to saying, :
v A\ | 1
e({p1d2) + (dadhs) + (D1¢p3)) = 0 =—— clea |rj false
Conc ]u\'l(': Cf"lr."-:r.-":t) 15 not invanant 11m'|(-r' P=>QC
\'\'il. it m: |L:':1 ”1:‘ SECONC I Case S0 ( ]Ii terent?  We FENEer: ||]1| ( lh!l SE SOMe K'\l‘(‘\ tation vi I!ll('
for ¢ eg. (¢)=0. The choice breaks the shift symmetry 1.e. .‘wi!tlﬂl.lrlt'i s symm |=|‘:~.|L|rn;.

I. Unbroken symmetries —— invariant orrelation functions

y

H!\: ntanec :unh] broken symmetries —> consistency relations.
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Consistency relations from SSB ¢ soft ‘pion

1
——($(q)O(k1)...0(kN)) ~ (O(k1)...0(kn))
Py(q)

Schematic form: ]im‘
q !

| Il(':j.u:‘ (momentum spac &) statements about how correlations of observables ')

I\('lT. we In tl](‘ I‘I csence R'[ a !: ”1_}“\'\:' WVE=IMK Jxl(' Cac )]; l.‘1|| ne ]‘L 15( ?Il,./E‘IL N.

\)ﬁ!‘\/_\
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5ljmmc".h"lc‘.5 Ei["l{'! L'.(.)I"ISlISf'(‘ﬂC{j I'c‘.l(ih()l'lﬁ

. 2 I -
comoving gauge d¢p = 0 d8ipatial = a“ € [€7];;dx" dx’

dilation symm. T mer SC Rl S T

] \
lim (C(¢ M T TR '
e ,Uwac(t}u. i) el )

Maldacena

:,;cn<-.r‘.a|u;n'mr| r—=xz+ M-V : e MgV | vyt M gV

!

I

I ’ N ]
| {3 sl Y e Je BN oy
P.(q) (YT )Chy =Gy, ) ) O " AQky-Chyy )

Note

| ]lu' symmetries or II}"\|].|E('.I‘1\[III But consistenc ;}:(-leannmu(- not :'ll]l\|[]‘11.|1(‘\I1r'r1|“ X I]n*;;
can Iw\'u ated (e.g. cur vaton): Illc'r;.nr' a test of uniu] C« JIh!I|I1 ns (e.g wn[pjr'. L X L ete)

2 lln-q.m-nnn 1\(‘1|l:l|nl|l\c‘,A('II\‘(‘.‘ from \\'.!In{[n{(‘lllll!(‘-w

5, ‘(‘!1|I11.\'1{|](‘_‘~(' lmllm('n :i('('\lll.:.;'jc'll('l‘11 H'Lnll\:-d ic eltects, lutl III('I(' exists a Newtonian

consistency relation G eloso & Pietroni; Keh: 1gas & Riott s
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Reterences

Maldacena; Creminel

| & /.n[J.nranQL Creminelli, Norena, Simonovic; Assassi, Baumann

& Green; | ‘.:ln;m , Green & Forto; Pajer, 5¢ hmidt, /'JJI\{HHI‘H'\.N l\t'lmnu.n:\ & Riotto;

9 ’ I .
Feloso & Pietronni; Berezhiani & Hmu:q: Pimentel; Creminelli, Norena, Simonovic,

Vermizz; ( .nHln‘ly\:'l . LM, Nicolis; Hinterbichler . LH, }\lh wry; Horn, LH, Xiao.
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A Newtonian symmetry:

| 11(' Newtonian continuit Y, [ l]!('[' ‘ il\‘{ FPoisson e« 1‘5 are invariant l]l1&'ic'l':

T—=I+n,n—=n Peloso, Pietroni: P\c-ln.n'\l.ny Riotto
i=av+n , Po>d—-(HA'+72")-Z,06—=6
giving t l]c' "unhml'c-nl';] 1't'|. wtion:

D(n,) G kg , ,
() 4 OF . k)

= (0(q, u}(”(f.: .M.L",,,)} —{
; e D(n) ¢*

lim
-0 Ps(q,n)
_~omments:

The high k observables can be Lm HJ] nonlinear and .Iﬁiiﬂ!‘h[]ﬁ\ul”[’ messy.
One way this consiste ncy re lation can be violated is if the observable has a

certain I'I{!ﬂ[( [ ‘I[ }TI. : - H

8,(K) = bs(k) + /fr‘f.-’n'(a-",/.-' KYS(KYS(k - k') eg. W ~ k' [k

| 1'1:‘ consistency :‘n'|.|l‘luﬂ 15 |'1n:r1~l'|'|\'1.1| L:th at lmc'n'lu. 1I times - m.ch‘h 1]'7(‘

interesting regime ¢ h: !”:'ngnu; to observe.
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/f\ Newtonian S‘I}ﬂﬂ“(‘t'l"l):
The Newtonian continuit Uil uler and Poisson egs. are invariant under:
T—=I+n,n—=n Peloso, Pietroni; P\c-ln.l‘y'\l.ny Riotto
i=av+in , Po>d—-(HA'+72")-Z,6—=6
gving t he consistency relation:

+ . ‘” ] i\r ' \
(8(F, ) O (K1, .oy Kn)) (ha) @ Ka ) 7, Ron))

AI;'”'IEII Ps(q,m) y = D(n) ¢*
_~omments:
N k observables can be highly nonlinear and astrophysically messt
s k observables can be highly nonl { astrophysically messy,
One way this consistenc yre lation can be violated is if the observable has a

certain nc 71'1[( [ ‘It }WI. : - H

8,(K) = bs(k) + /fr‘f.-’n'(a-",/.-' SRSk - k') eg. W ~ k' [k

The consistency relation is non-trivial urd:j at unequ: | times - makes the

interesting regime ch: lli:':'lgn'u; to observe.
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5tjmmc‘.tr|c‘.5 ;mc‘i cc)r'lsis{“ctncq l‘c‘.l.’ih(mﬁ

. 2 o -
comoving gauge ¢ = 0 d8ipatial = a“€” [€7];;dx" dx’

dilation symm. z—=e "z , (=C(+A

] \
lim (C(¢ N o T e '
. !1(:;)‘“““‘*‘ i) e lGo o )

Maldacena
gr1‘|<:r‘.1|u;n'mn 0 — g Mg C CaC+ M2V

W
f

(C(q)Chy ey )

l
j".["{

P, (q)

3

Note

. The symmetries or Ilb"\”.ift'.l"\\[l!l But consistenc ;}:r'].|l:n||m1|r not :'II]!‘H]‘w1.|1(‘\|1r'H|“ e I]u*”
can |w\'u :l.lhul (€. « urvaton): Illm;.nr' a test of ulm.n] (= JIh!l|l( ns (e.g 'wlll‘Q"lr'\ L X L ete)

7 lln-q.m-nnn 1\r1|l::|m||\:-,‘I(-H\r." from \\'.!In{h{(‘lllll!("w

5. \vnlmly;{lu-:«- requires :.(-r-ul_.;_,"c~|u~|‘11 relativistic effects, but there exists a Newtonian

consistency relation (F eloso & Pietroni; Keh: 1gas & Riott Xl
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A side remark:

| ]1:- Newtonian consistency |'c-|. ibion mm}\hi les great [£| in | agrangjan space:

1 . .
lim (W (q,m)O(ky,m) .0k 1)) =0
=0 Py(q,n)

Bart Horn, LH, Xiao Xiao
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A side remark:

| ]1:- Newtonian consistency relation ,=,|m}\|\i ies great [£| in Lagrangjan space:

l . .
lim (v"(q,n)O(ky,m ). O(Ky ) = 0
g0 Py(q,n)

Bart Horn, LH, Xiao Xiao
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A Newtonian symmetry:

| 11(‘ Newtornian continuit Y, [ l]!('[' ‘ il‘lf{ Foisson (‘(1.‘%. are invariant th‘ic‘l':

T—=I+n,n—=n Peloso, Pietroni: }\c-ln.l-,'\l.i:y Riotto
i=v+n , Po>d—-(HA'+7").Z,6—=0

giving t l](' "unhml'c-nl';] 1't'|. wtion:

D(1a) § f‘.J

(0(dn)O (i, .oy kin)) D(n) ¢*

lix . (O(ky, ..., k)
7 ,:Il Ps(q,m) ; (k1 )

_omments:

The high k observables can be Lm Hl] nonlinear and .Iﬁit(!i‘h[]ﬁ\ul”[’ messy.
One way this consiste ncy re lation can be violated is if the observable has a

certain I'I{!ﬂ[( )4 ][ }WI. : - H

8,(K) = bs(k) + /fr‘f.-’n'(a-",/.-' SRSk - k') eg. W ~ k' [k

| ]'1:' consistency :‘<-|.||'surw 15 |'1n=r1~l'|'|\'1.1| ul"llij at tmc'nlu. si times - m.ch‘h i]'w

interesting regime ¢ h: |”:'r1g:m; to observe.
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C )Pvn ISsUEeS:

Connection with asymptotic symmetries (e.g, BMS)7

Why 1 ) s B
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