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Outline:

LE (Ill!\’.‘ll:'.r‘l(.(‘ ;_mmuivln': a generic test of modified gravity
- with Alberto Nicolis.

L I’.'u'll'ij: symmetry in 1|’1(‘ measurement of LSS

- with Camille Bonvin & ¢ nrique Gaztanaga.

3. Dilation & ln-:]nnﬂ: symmetry in the t'hc'nr” of LSS

- with Kurt Hinterbichler & Justin ]\iW(JUI‘Il].

Walter ¢ :nlc”wc'r};c‘r & Alberto Nicolis,
k’r:trmnv”l. ('ch‘t!:‘.(‘ﬁ. Simonovic & Vernizzi,

Bart Horn, & Xiao Xiao.
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Summary I:

[est {-Ul' Pr‘('h('n{(' (!g- extra \SCi II.II‘_\ ll-t nces l‘[! 1( K!L!Il}-j‘ |-UI' Ul-{l—(('r‘]f'(‘l'('x‘[

|"|.\CL; h()[(‘.‘-‘u

Footnote: No Hm‘ f'l'n'ul‘c'm for E‘.llllc'g)r'ki 15 o Nl(uhﬂ.

Footnote 2: The case of massive gravity (Gruzinov & Mn-lw.nl».u]l. Berezhiani,

Chkareuli, de Rahm, Gabadadze, Tolley).

Footnote 3: Analc S for chameleon mechanism kl\l'u)l,u‘t}. W(*'i'm.'m;

Hu; Jain, \; me‘PL 15: | hl_il'[ﬁ.‘ 153N, —'\|‘.~»H H'CII, Mann, Davis; € }alﬁrcn \-’llu‘.'nn.

Zhao, Jain, Koyama; LH, Nicolis, Stubbs).
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Idea 2: parity in the measurement of .55

o ltis gc‘n('l'.i”lj assumed P;nm! 1S |'('.-%i1<'(l'c'r! in measurements ot 1SS,

|c n t.',( ) h'l reason:

(6(21)8(x2))
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lClc-.n 2 P:arrl‘t] n thc‘. measurement of 1.SS

o ltis 2;:‘[“‘!.1”(] assumed P rity 1s l'('.-%iw.(l'm‘l in measurements ot 1SS,

|( n y;( X h'l reason:

(§(21)5(2))
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Idea 2: parity in the measurement of .55

o ltis gc‘rk'l'.i”(j assumed = ity 1s |'('.-%i1<'.cl'm* in measurements ot 1SS,

|( b= )Ut‘] reason:

(6(21)8(x2))

|

o But how about cross-correlation between 2 different kinds cn('-‘g' laxies,

‘\ o lﬁi 1{,

(0a(x1)0p(x2))

versus
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Wh;af c,ou]cl P(L‘»Sllﬁl‘t} violate P;n'ltal':‘

Ul"ﬁ(‘I'\'(‘.l'
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Wh;if cou]cl P()Sh‘l[ﬁl‘t} violate Pi“"*ﬁl"-‘

Ul"ﬁ('I'\’(‘.l'

Pirsa: 15040093 Page 10/53



Wh;if cou]cl PUSSI[WI‘L} violate P;nm]':‘

Ul"ﬁc‘I'\’(‘.l'
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Wh;)f cou]cl Pu:—xs:[wl‘t} violate P;n'lh_]':‘

C )l DSEIMVEE
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\Nh;lf cou]cl Pusa‘:[ﬁl;} violate P;nm_]':‘

t)l".‘vc'r\’(‘.l'
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Wh;if c.ou]cl |J():-‘»51[1|‘t} violate P;nm]':‘

()l".‘%('T\’(‘.I'

‘El‘l'llhh('r.-\. = J'H) )’/ £t'IIIH.‘«'("'..” -".-l)

e, whc't'!"l:-l' Bisin ﬂ'nnt ulr. or lwhmc{ A, matters.

Wuﬁ.aL. Hansen & | I|ur'l'|w - average |‘l(j ﬁl'.h'L,Iﬂ}; clusters

Also: McDonald; Yoo, Hamaus, ,‘:c-i].sL & Y.l[L{.n:m?;‘l; Zhao, Peacock & Li;

Kaiser; Croft
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\Nh;lf cou]cl PUSSI[WIH violate P;mtal':‘

Ul".‘vc‘r\’(‘.l'

‘El‘l'l:hr«('r.-\. . J'H} / {:‘-..,,,,-(.I'“ -"‘-l)

I, Wl’lc‘tl"l('l' Bisin irf‘unt ulr, or Iwh!m{ A, matters.

W(!|i.1L. Hansen & | l|nr'l'|w - average |7(j F-l'.u'L.ln}; clusters

Also: McDonald; Yoo, Hamaus, Hc“].!L & Zald: ITIAagA; Zhao, Peacock & Li;

Kaiser; Croft
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What are ()H’](‘.r‘ P;n‘:f{j vn)l;lhng (‘.H"(‘f{':%':‘

o Often gl'nupm{ under the he: Hn"l\gaﬁgc*ru'r: | relativistic effects:

{
! ) ) |
ke k2 Bonvin, Durrer; Raccanelli, Bertacca, Dore,

T Maartens

par '“l\“""““."-

f\-nlr.‘x IR f.’- |i| {

H ; -H'J } Yoo, | |E,", atrick, Zaldarri 1 ¢ hallinor, Lewis;

e More mund: ne, but Pr'vm-m': evolution.

U}‘.‘ii'l'\-’(‘T'

B A )
* Can (ilrsc‘rﬂ';lm;'(' |1c'tw<'<'r1 i'iﬁc‘ two.
Footnote I: P.lﬁf't] violation UH[!] in the z direction.
Footnote 2: O(H/k) terms can be derived in a ‘Newtonian’ manner.

Gravitational redshift term canceled, assuming geodesic motion.

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

g
e

e Don't ILI"‘vt ac g‘l /
Subtract too: /

Or, more gener: 1”1j combine different orientations : appropri: ite lt;
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What are ut!’k‘.r‘ P;n‘lf{j vn)l;ahr\g (:1(F<7L*fﬁ':'

o Often gy Jup(d under the he: Hm‘gawf:‘gc-nc'r'. | relativistic effects:

4
' ) ]
k k4 Bonvin, Durrer; Raccanelli, Bertacca, Dore,

T Maartens

par 1ty vie F iting,

{\-nlr.‘n T f’- [I {

P, ’ 2 '
H H':| Yoo, Fitzpatrick Z.al [.un.\.“‘.!_u hallinor, Lewis;

e More mund.nru-. but Pr'vm-rﬂ': evolution.

L)}\‘i('l'\-’(‘T'

B A B

¢ Can thc‘ﬂt';lﬂgl(‘ IWc'twc'c'n i'iﬁc‘ two.

Footnote I: P.'mf'ej violation unlq in the z direction.
Footnote 2: O(H/k) terms can be derived in a ‘Newtonian’ manner.
Gravitational redshift term canceled, assuming, ;;c-nk{vmc motion.

Footnote 3: selection effects.

Pirsa: 15040093 Page 21/53



What are utl']cr‘ P.'mhj vn)lnhng (thFch*fﬁ':'

o Often gl'uup(d under the he: Hm‘gawg:gc*nc'r'. | relativistic effects:

{
' ) 3y
k k2 Bonvin, Durrer; Raccanelli, Bertacea, Dore

T Maartens

par 1ty vie ’I.lf!l'llb‘_

Jnlrrx a f.’- |:| {

v ’ 2 1
H ; i } Yoo, | |t,'t atrick, Zaldarr: 16 ¢ hallinor, Lewis;

¢ More mund.n'u-. but Pr'vs(-rtf': evolution.

L)I\‘i('l'\’(‘T'

B A B

e Can (ilhc‘ﬂt'{lﬂl&;l(‘ IWc'twc'c'n I‘i1c‘ two.

Footnote I: P.ll'Jf‘tj violation unlq in the z direction.
Footnote 2: O(H/k) terms can be derived in a ‘Newtonian’ manner.
Gravitational redshift term canceled, assuming, ;;c-nclvsjc motion.

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

e Don't ust ; dd:

+

Subtract too:

e

B

Or, more gener: 1||1j combine different orientations : appropri: ite 1:;

s  Question: do we need to cross-correlate mt||f|P[¢ [“’P“I itions to

sce parity viol: iting e Hects in }m'h: r N-point functions?
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| essons tor LSS measurement:

Don't |L|.~wl'.n*H:

Subtract too:

A B

Or, more t;('lj(‘!'.illlj: combine different orientations appre )Pl'i.il'('lt,,

Question: do we need to cross-correlate H'Il.llf'll_‘[l‘ [,‘OPULH'IUH.‘% to

see P ity \-‘ml.af;ngc-{'i': cts in }‘11‘&1:1' N~pnmf functions?

A A

Answer: no.
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Idea br r“1<m~Pcl‘hu‘[mi'lvu consistency relations in LSS

I. Consider a familian ('\.nnp[c' of symmetry: hE\.‘!I'l.l] |Lil1h[.‘l1']()l1.
x = x4+ Axr , where Az = const.

[ts consex Juence for correlation function is well known:

(p(ay)p(xa)p(xy)) (p(xy + Ax)p(xy + Az)od(xy + Ax))
For small Ax,we have:

(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (2 )p(xs)Plxs) + Ax - Oy (¢d(xy )d(x2)d(xs) + perm.
Thus, alter lhlll\'('l(’. we say:

(r,‘iuf?g!.";;) is invariantunder ¢ = ¢+ Az - 0¢ ie. Ax-d (P102¢3) + perm, = (0
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Idea 5. r“1<m~Pcl‘hlr[mhvcf consistency relations in LSS

I. Consider a familiar <'\.|mp[(' of symmetry: .'1E‘.'!|'I.I] h_mn[;si'lun.
= ar+Axr , where Az = const.

Its consec |uence tor cor r‘l. stion function is well known:

(p(xy ) xg )y ]\,u (g 4 Ax Jplirg 4 Ax)od(xy + Ax)) Ty
For small Ar, wWe have:

(p(xy + Azx)p(xg + Ax)d(xy + Ax)) ~ {(d(xy)p(xs)plxs) + Ax - Oy (¢p(xy )p(x2)d(xs) + perm.
Ihus, alter IIJII\'('!(’. we sauy:

(r,‘)ll;'?-‘_,‘r.'J.‘;} 15 invanrant ure l(-; o= o+ Ar -0 e A‘J' ' ”I (:(,JN.‘JJF,'J“:) - perm. 0
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Idea . non«Pcl‘hlr!mhv:f consistency relations in LSS

I. Consider a familiar <'\.|!I1P[<' of symmetry: .‘-‘E\.'!I'I.I] h_inn[.'li'lun.
r=r+Azxr , where Az const.

[ts ¢ onsequence for correlation function is well known:

(p(xr)d(x2)p(x3)) = (P + Ax)p(xg + Ax)p(xa + Ax)) Ty
For small Ar ., we have:

(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(xy ) p(xa)plxs) + Ax - Oy (P(xy )p(x2)d(xy) + perm.
Ihus, alter n‘xim-lq. we sau:

(r,‘ﬂ';’?gt'i;;) is invariant under ¢ = ¢+ Az - 0¢ ie. Ax - (P102¢3) + perm, =0
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Idea 5 n<)n«Pcl‘hlr'mi'lvc'. consistency relations in LSS

I. Consider a familiar <'\.|mp[c' of symmetry: .‘-‘E‘.'!I'I.I] hAHn[.‘li'lnH.
=2+ Axr , where Az = const.

Its consec Juence for correlation function is well known:

() d(x2)p(x3)) = {(plxy + Ax)p(xy + Az)p(xa + Ax)) Ty
For small Ax,we have:

(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(xy)p(xa)plxs) + Ax - Oy (P(xy )p(x2)d(xy) + perm.
Thus, alter |L1I|\-(-|(|. we sauy:

(r,‘u';'?-_;f.'i;;,\f is invariant under ¢ = ¢+ Az - 0¢ ie. Ax - (d1¢20y) + perm, = 0
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Idea 5 n<)n~Pcl‘hlrlmhvu consistency relations in LSS

I. Consider a familiar <'\.||l1p[c' of symmetry: hE‘.’ll'l.I] lLiHh[.‘li']UH.
r=r+Axr , where Az const.
Its ¢ onsequence for correlation function is well known:
(p(xy )b(x2)p(x3)) = {(plxy + Az)p(xy + Ax)p(xs + Ax)) Ty
For small Ar, we have:
(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(xy ) p(xe)Plxs) + Ax - Oy (P(xy )d(x2)d(xy) + perm.
Thus, alter Il.lll\'('l(]. we sauy:
(p1¢ada) isinvariantunder ¢ = ¢+ Az ¢ ie. Ax - Oy (d1dads) + perm, =0
2. Consider a different symmetry: shift In gy witational !\nlx'nll.lL
¢—=+d+¢ , wheree const.,
For small C o, we have:
(1 + e)(h2 + ) (s + €)) ~ (hrdadhs) + e{P1p2) + e(dachs) + e(drdy)
Thus, s: 1ying (prhaddy) = (1 + )Pz + )Py + ¢)) 15 equiv. to saying, :
['(‘(i,'.il{"i‘_!) { (r,‘l:('i“) f (Pr1eha)) () t— \:(:Il|rj{‘|[‘--:“

& ull.']m{r-; (r.‘l|c'i-:r,.";§;l 1s not invarant |1ru|rr' P=—=>P0+c
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Idea 5 n<)n~Pcrhlr'mhvu consistency relations in LSS

I. Consider a familiar ('\.nnf"[c' of symmetry: :wE\.'sl'l.l] h_inn[;li'lun.
=2+ Axr , where Az = const.
Its consexc |uence for correlation function is well known:
(r,-‘)(.:','}r,‘ﬁ(J'J]r_J(.r‘;(]} (e 4 A.J‘JI_JI.I'J + Ax)p(xa .A!},\ Ty
For small Ar,we have:
(B(z1 + Az)p(w2 + Ax) (x5 + Ax)) ~ (§(w1)d(x2)d(w3) + Az - Dy (B )d(w2) () + perm.
Thus, alter lmlu-(-lq. we sauy:
(1 ¢pacha) is invariant und ler ¢ = ¢+ Az-0¢ ie. Az O (drdads) + perm. =0
2. Consider a different symmetry: .~J'1|| t In gy |\'|I'.‘|hn11.|[ I\nl't'”lt.l]
d—=+d+c , wheree const.
For small C ., we have:
(1 4 €) (P2 + €)(Pa + ¢)) ~ (drgada) + e{d1¢a) + c(Pachs) + (1)
[lTH\"-‘ saying (prcbachy) (g1 + )2 + )Py + ¢)) 1S equiv. lu:nlrpu_;',:
e((d1cha) + (dadps) + (dr1¢hy)) = 0 =—— \:(“|I|rj{‘1[‘-»r“

Conclude : (drdaps)  1s not invariant under P=o+c
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Idea 5. non~Pcl‘hn‘!mhvcf consistency relations in LSS

I. Consider a familian (‘\.I!ITP[(' of symmetry: hE‘.’ll'l.I] Ir_inn[;li'lun.
=2+ Axr , where Az = const.
Its consec Juence for correlation function is well known:
(D(z1)d(z2)b(x3)) = (d(x1 + Az)p(xy + Az)d(xs + Azx)) T
For small Ax,we have:
(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(xy )p(xs)plxs) + Ax - Oy (P(xy )d(x2)d(x3) + perm.
Thus, altes Ihlll\'('l(’. we say:
{(P1pacha) is invariant un ler ¢ = o+ Az 00 ie. Az - (d1dads) + perm. =0

2. Consider a different symmetry: _J'nl t In gy !\'Il'.lh()ﬂ.l[ !\l!l'('ﬂll.ll

¢d—=+d+¢ , wheree const,
For small C o, we have:
(1 + €)(h2 + ) (s + ¢)) ~ (drhacds) + cldida) + cldads) + e(P1ds)
|'|m:~.:v.uj]m'1 (drdads) = ((¢1 + ¢)(P2 + ¢)(dg + ¢)) Is equiv. to saying :

!'("\’i'it{"i‘__r) | (r,‘r:('i“) { (r,‘b]r,'i;g}) () - Spm— \:(“|I|rj |‘|[‘»r“

Conclude : (prpacds) 18 not invariant under ¢ = ¢ + ¢
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Idea br non«[Jcl‘hlrlmhw-. consistency relations in LSS

I. Consider a familian <'\.||np[c' of symmetry: :-‘E\.'!I'I.I] h_inn[.'li'lnn.
= a4+ Axr , where Az = const.
Its consec |uence for correl: stion function is well known:
(play)d(x2)p(x3)) = (Pl + Ax)p(ey + Ax)p(xs + Ax))
For small Ar, we have:

(p(xy + Ax)d(xg + Ax)d(xy + Ax)) ~ {2y )p(xa)plxs) + Ax - Oy (P(xy )d(x2)d(xy) + perm.

Ty

| lm:j‘ alter lmllx-(-lq. we say:
(r;‘)ll;')zr_'l;g) 1s invariant unc {c'g O = @4 Ax - 0o i.e. .._\l' ' r'}| (:r,1|:,‘1.;f,1‘|:) b perin. 0
2. Consider a different symmetry: :J'nl tin g |\'|I'.ltu)11.|[ E\(!l'('Hll.l]‘
¢—=+d+¢ , wheree const,
For small C o, we have:
(1 + e)(2 + e) (s + €)) ~ (hrpadhs) + e(Prp2) + e(dachs) + e(drdy)
Thus, s: iwying, (drpacy) = ((¢1 4 ) (o + ¢)(Pg + ¢)) 15 equiv. to saying, :
| ]
e((d1dha) + (dagps) + (hr1¢dhy)) = 0 =—— \i(:|||rj false

Conclude : (prpacds) 18 not invariant under ¢ = ¢ + ¢

What makes the second case so different?
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Idea A n()n~Pcl‘hn"mhvcf consistency relations in LSS

I. Consider a familiar (‘\.Ill'lp[(' of symmetry: hE\'!l'l.I] h_inn[.'si'lun.
r=x+Ax , where Az = const.
Its consec |uence for correlation function is well known:
() d(x2)p(x3)) = (Pl + An)p(xg + Ax)p(xs + Ax)) Ty
For small Ar ., we have:
(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ {(d(xy )p(xa)Plxs) + Ax - Oy (¢d(xy )d(x2)d(xy) + perm.
Thus, altes Il.lll\'('l(’. we say:
{Prpacha) is invariant une ler ¢ = o+ Ax- 00 ie. Ax-Oi(d1dads) + perm. =0
2. Consider a dif ferent symmetry: shif tin g |\'|I'.lhn11.|[ E\l!l‘('”ll.ll
¢d—=+d+¢ , wheree const.,
For small C o, we have:
(1 + )2 + ) (s + ¢)) ~ (Drohacds) + cldida) + eldads) + e(P1ds)
Thus, s: wying (prpadds) = (1 + ¢)(P2 + )Py + ¢)) 15 equiv. to saying, :
e((d1dha) + (dadps) + (Dr1¢dy)) = 0 =—— \Etnll|rj false!

Conclude : (@1¢2¢3) is not invariant under ¢ — @ + ¢

What makes the second case so different?  We gener: ||]l| choose some expec tation value
for ¢ e (p)=0. The choice breaks the shift symmetry 1.e. :~]u-r1l.mm S SHYmm |-|:~.|Ln1‘»;.

1. Unbroken symmetries —— nvariant c orrelation functions

‘11\ mntane :l|.~~hi broken symmetries —> consistency relations.
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Idea . r“lnn«Pcl‘hn‘!mhvcf consistency relations in LSS

I. Consider a familiar (‘\I!IT’,"[(' ol symmetry: :1!\.‘!I'|.|] translation.
£ » I+ AJ' 3 \\ll(‘l‘!' AJ' const.
Its consec |uence for correlation function is well known:
(r,‘)(.f'l}r"(i'g)f_’(.f‘;(])’ (@ 4 A.l‘}l_Jf.!'J + Ax)d(xs + -A'}.r\ T

A\

For small Ar, we have:
(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ (d(xy)p(xs)plxs) + Ax - Oy (P(xy )p(x2)d(xy) + perm.

Thus, alter lhlfl\'(‘l(l. we sauy:
{(Prdachs) isinvariant under ¢ = ¢+ Ax - 0¢ ie. Awx- O (d1dads) + perm. =0
2. Consider a different symmetry: :J'nl t In gy |\'|I'.lhn11.|[ !\l!h'Hll.I].
&= dp+¢ ., wherece const.

For small C ., we have:

(1 + )2 + ) (s + ¢)) ~ (Drhacds) + cldida) + elbads) + e(Ppids)

[lnm. saying (drdachy) (g1 + ) (2 + ¢)(dy + ¢)) 1S equiv. to si 1INg :
e((d1ha) + (dagps) + (Dr1¢hy)) = ) =—— \E(“|I|rj{‘|l‘--:“

Conclude : (drdaps) 18 not invariant under ¢ = ¢ + ¢
\Vil. it mi |L:':1 ”1:' Se( LHI({ CAase 50 ¢ ]Ii ferent? We gener: 1”[’ ( lh YOSE SOMe :‘\l‘(‘\ tation v llll('
0 . The choice breaks the shift symmetry 1.e. 51“”1!.”\:\ S Symm |-::~.|Ln1‘»;.

tor o e.g ()

1. Unbroken symmetries —— invariant orrelation functions.

2. Spontane :l|.-~h| broken symmetries — consistency relations.
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Idea 5. n()n~Pcrhlr[mhvv. consistency relations in LSS

I. Consider a familiar (‘\.I!HP[(' of symmetry: :wE\.'!I'l.l] 'rdl]n[.‘li'ltlﬂ.
=2+ Az , where Az = const.
Its consec |uence for correlation function is well known:
() d(x2)p(x3)) = {(Plxy + Ax)p(xy + Az)p(xs + Ax)) T
For small Ar, We have:
(B(z) + Az)p(zs + Ax)d(zs + Az)) ~ (b(21)d(x2)(T3) + Az - Dy (B(1)b(x2)B(s) + perm.
Ihus, alter 11.1I|u-|||. we say:

(r,‘1|';'?;gf.";;) is invariant under ¢ = ¢+ Ax -3¢ e Ax - (P102¢3) + perm. = (0

2. Consider a different symmetry: shift in ;;l'.s\'||'.lt'1¢)11.|[ E\l!l'('r‘lll.ll‘
&= dp+¢ ., wherece const.
For small C ., we have:
\

"(((,';l = ¢)(ha + ) (g + ¢)) ~ (D1¢Paghs) + r‘v’:r,'ljr"l-_') f c(chaghy) 4 q“{t.llr,”:\

[lnm. Saying, (prbachy) (g1 + )2 + )Py + ¢) Is equiv. to saying :
e((d1da) + (dadps) + (Dr1¢hy)) = 0 +—— \;\‘“Il|rj|‘|l‘-r“

Conclude : (drdaps) 18 not invariant under ¢ = ¢ + ¢

What makes the second case so different?  We e I('I'.l”l’ choose some expec tation value

i\l\ (] c.e, (f,‘A)

0 . The choice breaks the shift symmetry 1.e. :w]u-nl.mm LS SLYmm |-::~.|L|m;.
. Unbroken symmetries —— invariant c orrelation functions

: ‘J!H ntanec lll.‘wh] |3It)L.('IW symmetnres —> consistency |<'|. itions.

Pirsa: 15040093
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Idea o F m)n«Pcl‘hn"mhvcf ccmsmh‘.n(t} relations in LSS

I. Consider a familian :'\.nnp[c' of symmetry: hE\.‘!I'l.l] 'rJHn[.‘Ii']UH.
r=x+Az , where Az const.
Its consequence for correlation function is well known:
(el )z )p(xy ]} (g 4 Ax Jplirg 4 Ax)d(xy + .A!}}
For small Ax,we have:

(p(xy + Ax)p(xg + Ax)d(xy + Ax)) ~ {2y )p(xa)Plxs) + Ax - Oy (P(xy )p(x2)d(xs) + perm.

€Ty

Ihus, alter Ihlll\'('ll’. we sauy:
<r;‘1|1j?zl_'il‘5’\; 15 invanrant ure {c-g OB = @4 _}; oo L.e. .,l‘l' ‘r'-'| (:r,J‘.'.‘J;f,J‘;:) $ perin. 1]
2. Consider a dif ferent symmetry: shif t In gy |\'|I'.lhn11.|[ E\l!l'('Hll..ll‘
&=+ d+¢ , where e const.,
For small C ., we have:
'(((,';l f¢)(ha + ¢) (g + ¢)) ~ (D1Pachs) + r'v’:r'ljrh-_.} b c(chachy) 4 q“(t.'lll,bl‘:\
Thus, s: 1wying (prpacdy) = (D1 + )Pz + )Py + ¢)) 15 equiv. to s: wing :
e((p1ha) + (dagps) + (Dr1¢dy)) = 0 =—— \:<“II|rj false!
Conclude : (drdapa) 18 not invariant unc ler ¢ = 0+ ¢

What makes the second case so different?  We el I('I'.ll]l’ choose some expec tation value

/

tor ¢ eg (¢)=0. The choice breaks the shift symmetry 1.e. .Hiu-nl.mm LS SHYmm |-|<~.|L|n‘};.

1. Unbroken symmetries —— invarant orrelation functions

L. S ntanec :ll.nh; broken symmetries — consistency relations.
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&'nnslsi'vm'q relations from SSB ¢ soft ‘pion

(B(q)O(ky)...0(kN)) ~ (O(ky)...O0(kn))

|
Schematic form: |1fi13‘1| Palq)

I Ilc':; are (momentum spac e) statements about how correlations of observables @

l‘c'lhl\'(' mn t'li(‘ i‘l(‘h('rh (o R![ < ENH\}“\N. IVE=IMK hl(' L ll’]xl."!ll ne ]?n 15( \Il,.fE‘IHIL

\/Apﬁ/—\
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Stjmnk‘.h'ic'.ﬁ and cc)nsiﬁfctm—.q relations

. 2 2 9
comoving gauge §¢ = 0 d8ipatial = a“ € [€7];;dx"dz’

dilation symm. T T, L=+ A

|
li (@) Chy ol Y~ ke OlCy oG Y
Lim P.(a) (CLq)Ch, ++-Ck,y,) e \Gky + -Gy, )

Maldacena

g:-nc'.r‘.a||;/.1tmn r—=x+ M2V ey e M.V . yvas~y+ M g

!

VI

. N AN+
(4)GCky o+ Gy ) ) ~ k) ]\fu.‘-ut.i.‘.,?

\/ | o

; |
li ':‘( (¢( e (
m ¢ .“‘W].klf;lu., Ghiyy / P(q)"

g+

Note
o h:' symmetries onginate as ¢ {it. By It consistency 1 r']‘ wbions are not :'ml oty statements 1.e l]k’('
can be violated (e, curvalk ) ; ||I(‘I|.|Ir' a test of initial conditions (e.g 'wllh"lr'\ lock, ete)

y

: II'W:'II.II(‘ ¢ m-jwm |L::|n|l|\r, ‘{r'l I\‘(\I from Ward i {c‘ll!ll!(‘-w

5. Testing il](':w' recquires seeing )'('|]('|.1l H'I.ll:\:-d ic ettects. lutl III('I(' exists a Newtonian
3 ool

consister 1CLY l(‘]< wtion \| '('!1 80 & Pretrons; f\{'l'l. 1$1a85 & Riott ).
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Reterences

Maldacena; Creminelli & /.l[\{llil.n“‘!‘ Creminelli, Norena, Simonovic;

Assassi, Baumann
. | & Porto; Pajer, Schmidt, Zald hagjias & R
& Green; Nauger, Green & Forto; Pajer, Schmidt, Zaldarmaga; Kehagas & Riotto;

| '(‘In-uu & Pletronni; l"n'r:'.'hmln & In\]rnu:l{; | '\le'llt(‘!; ( u'|l||||z'”! Norena, Simonovic

Vernizzy ( u!h”‘('lla“:'l ILH, Nicolis; Hinterbichler, LH, Khour y; Horn, LH, Xiao.
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A Newtornian symmetry:

] 17(' Newtonian continuity, | uler .m\{ Foisson ec ]s. are invariant under:

.

T—>T+n, N =N Peloso, Pietroni; F\c'ln.ngl.n:y Riotto
i=v+n , b=>0—-(HA' ' +1")-£,0=96

}:‘wm:t:‘ilk- consistency relation:

¥

g 1 : . e s D(na) g l'."‘, . .
| (G, ) O(ky, .oy ki) —(O(kyyvney kyn))
'J‘“rllll Ps(q,n) S )i 'Z‘l Dim)ssigtes ¥ U

Comments:
e The 1'n‘g|1 k observables can be L'N\&;}Wlli nonlinear and .151:1ai.wi'u]-mulnq messy.
* Oneway this consistency relation can be violated is if the observable has a

certan I'IUﬂ[( b ][ }YI. A5:

8,(K) = bo(k) 4 /J‘f.-’n'u,-”,/.-' KYS(KYS(k - k') eg. W ~ k' [k

® The consistency relation is non-trivial UI"I!!] at llﬂ(‘tlll.‘.l times - makes the

interesting regime ch: II!:'rh;:m; to observe.
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A Newtonian symmetry:

] 1'1(' Newtonian continuit Y, [ HI(‘I" ‘ ilh'{ Foisson ec 1:5. are invariant l]lh'l('l -

T—=I4+n,n—=n Peloso, Pietroni; F\c'lnkn'\l.nn‘ Riotto

i=v+r , b0 —-(Ha'+7")-Z, =0

£IVINg i'lk' Cunn!hic'l'h‘(] n'l. won:
¢ < .

; 1 g ) e ™ D(1a) G+ ka ] :
| (8(G, MO (Ky,y .oy kn)) 5 (Ok1y e ki)
'}.ll'l[ll “‘Eq_”)‘\f (g, n)O(Fy ), 'le Din) ¢* (k1 /)

Comments:

e The 1'1{3_"1 k observables can be L'nqu nonlinear and .I‘.'-il!UI.‘}'H]‘%\(JIIE} messy.
* One way this consistency relation can be violated is if the observable has a

certain nc 31'1[( )4 ][ }TI. 15:

8,(K) = b8 (k) 4 /d“!.-"ll'(!f’.ﬂ-' KYS(KYS(E - k) eg. W ~ k' [k

% Hc' consistency I'R'I.Il'!( n 15 non-=trivi || un!:j at llH(‘L'lll.‘.I times - m.ch:‘a 1]‘?('

interesting regime ch: |”c-r1‘>,"m‘;; to observe.
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Sljl'!'ll'ﬂc‘.h'lc‘.ﬁ (ll'l('{ L',(.)I'lﬁl.ﬁf‘(‘ﬂt'.lj I'(‘.l(ih()ﬂﬁ

. 2 o e
comoving gauge §¢ =0 dSgpatial = a° €7 [e"]s;dz"dz?

dilation symm. T P, (=C+A

\/

(@) Crey enCli . Y me e DGy oG )

|
lim —
=0 lk(q)

Maldacena

gn-ncr‘.a||;/.'1tmn =+ M- -2V - - M.y vyt M. oz

!

" |
lim Hq\ ( 3 (C{q)Chy oGk
q=+0 Felq)

Note:

] lu' symmetries ongnate as ¢ {iH But consistenc I}!r'LI'h ns are not :'nl!\|(| statements 1.e llk‘u
|

can Iu‘\'h -|.m-\| (e, curvalk ) ; III(‘H.IH' a test of 1||:1\.|] [ (!Ih!l|l( ns (e.e wnw_'r'. loc L ete)

]

il lw:-1| are ¢ m-i'wm |L::|n||u-, Alr‘l'l\‘(‘.! 5.1: ym Ward ic {c‘ll!llk‘-w

5. \(‘hllll}']il]('_‘w(‘ requires seeing gene al relativistic effects, but there exists a Newtonian

consistency) relation (I eloso & Pietroni; Keh: igias & Riott ).

Pirsa: 15040093 Page 44/53



Pirsa: 15040093 Page 45/53



Pirsa: 15040093 Page 46/53




Pirsa: 15040093 Page 47/53




A side remark:

I'he Newtonian consistency relation .-;nnl'\H ies great h| in Lagrangjan space:

| . ‘
lirm ("’('f" ff)t)“-']-f“)...C)”{“,.H,”)) 0
i—0 Py(q, 1)

Bart Horn, LH, Xiao Xiao
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A side remark:

Ihe Newtonian consistency relation ,-',nn['\H (&) }U‘('.ll[q in Lagrangjan space:

| . "
lim 7 ("’('f" ”)C)U"]"r“)---c)[;"m-”ru)) 0
i—0 Py(q, 1)

Bart Horn, LH, Xiao Xiao

Pirsa: 15040093 Page 49/53



Pirsa: 15040093

A Newtonian symmetry:

| 17:' Newtonian continuity, | uler .ﬂh{ Foisson ec ]s. are invariant under:

=T+, n—=n Peloso, Pietroni; F\c'lnkng.nr\‘ Riotto
i=v+n , b0 —-(HA' +1").£,0=6

aving t lk' consistency relation:

z 1 ol . s — D(1.) " ko . .
| (O(q, ) Ok M) - — (O(kyyuney kyn))
q‘”"['. ,ﬁw_”)(\fw 1)O(ky )) ’Z‘l D) @ (O(ky ))

Comments:

e The 11;3_"1 k observables can be H‘ng] nonlinear and .|§lt'aa_1}'1t]a1\’.|]|r; messy.
* One way this consistency relation can be violated is if the observable has a

certamn I'IUﬂ[( b ][ }YI. 15:

8,(K) = bo(k) 4 /d‘l.-’\l'(l.:’.!.-' EYS(RYS(k - k') eg. W ~ k' [k

] 1‘1:* consistency I'i‘l.ll'!( n 15 non=trivi; || unhj at tmmlu.\l times - m: ch‘r% 1]'7<-

interesting regime ch: IHc'rh;:m; to observe.
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( )Pvn ISsUEes:

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

- \\"}'Ill {,.‘1(',” ~ {f” = 1 <
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