KAWS 22
Tuterial (S—mahix>
Tnskructor @ Prof. Shivaz Miwwalla

- Suman



Take awOOt\g W\essa\ge_‘.
% Fivst Shivaz wobvated few “conjectines” and  CRG <|ﬂé§5
¥ Next he gave o prodf g CRG ugimg bound om chaos.

B After that he Stanted c\«eck'mﬂ whieh  ‘ntevachon

sabisfies  Hus CRG? Thot weedn o Hull clossificatian ok
S-wmokriX . Tt wab dowe with grodation in momenta.

£ One con  do awnobingr C\,O\SSKQCO\HGV\ ok tha LO@YOW\S'\OW\
level with devivative gradation, which  hos  ove %% ove

crreepondance  with  S- makrix  Lisk.

K Theee two clasCifeation ane  wdeed iSomorpmc,
M Regwk: TF any S-wmakvix  violokeg ‘CQG\' Han thae

Covves ponding  Lagrangian 1S disallowed. .
Ffor D6, only Estein teym Auwrvives! 2/ %5F




Plon :

1. Classi fication of Lograngians
(Plythestic Counting)

2. Enumeration o6& Bare Module
%Y. Time Ordg,ﬁnq in Chaos Bound
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Classi fication of Logvangians
(Plythestic Counting)
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A detour to SUSY M :

= agfogtaf o
Voe: HIlodz gloy =Qlo)y =0

m
States: I%B/V’> = (ag BY) lo> I%F,M> = @gs Q: IO>

Povbition tn: Z () = Tv 2t = L (P F )+ (O
Voc bosors fevwmions

14+ e—ﬁ

_— X =

{-%

-
—

A vevy well Known vesult.
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A tyick to calculolR the same -

Note : This trick 18 exclusive 4o free theovy).

# The gpeetrum 18 geverated by actian o all e creation opevortows
on the vac, o).

g These opevatore commute and act  independently .

B TE is tomvenient t0 Compute the porihition 4n over "Q}V)glsz letters” i.e.
on the state with a  gingle parncle.

Nowmed oA ) Siv)glsa Riter pohh"ﬁm) fn "z(x)

4 Useful o compue it for bosons omd  Leymiows Sepemkeh{\.
(denoted b\g Zp(x) omd 2;(9())

33 In owr Qxavv\plsz O”lﬂq ovie  boSonit avd  owmr Fevmiow%c, cveation
opevatoy .
Z.C?C) < 2667(3 + ZFCX’)

2p, (x) = Tx Y ALY

2f (%) = TY\cqun‘uomc lotteve XH =X

boSowic latters

6/37



¥ The pontition fn over bosowic multipantide stokes 1S obtoined by,

2pM) =X —> \—__\'7(" = ZB('X> ;o Ze @) = >(1+%) = Z %)
Funt Pahhjnm’l ’FV}, Z - ZB Zp = 1—4& (makeheg wits pYeviows
[-x caleulation)
A \MN,r A~
@LB> CO\F) ™=20,1 N=0,1,2,---

Zg Oowegpowdt te suwm ower al the gtodes dbtained by auc%’mg with
any) M. ¢  bosonie  creation  opevators.

Zg covrespond I stake with no {emion and o single fevmion.

BIf theory has wmulbiple types of creabion gperatove, ¢ingle letier
portition . would  fave wove  tevim.

£ To c,ompwte e  full Pah’dﬁcm ’Fﬂ YePLo«aQ, the Si\’)@(z loltey 1O
mm\ﬁpanﬁc(z and then  take the Pmduc,%’.

Colted on  “Plothyshe  exponanbiation” i.e. PE.
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De&nition :

00 - 00
PE o] = exp[ 2 45 £ 0 ] 5 PE Do) = o= L B £0)]
= S lw n=|

Then,
Zia@ = PE[ 2] + Ze Cuf) = PE (e )] Z:ZgZ¢

?

Y
chck: 2 PECx]= opl 25 ] = o[- log 0] = 1

| ~ DL — 3 "'X“
'Z.FL’X)-PE["‘] - €xp [-%’(“—)] - pr[l,og(wz):) = {+2
7 L ZpZp s 25 X
Advantages 2ple) = %
X One com colenloke it 'LV\d,lvio\UO‘MAg WDDY eoch ﬁeldg,

thewn W\\/\UC\PU’_\ it \okey o 6@\’ tha ’GAM PO\TL{T\JC'IOVI ‘F,V_’.
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Use tus trick for Globoh Symmetry

Comsider, L= —lz-liilz - 1? 2"+ 17"&’1 - WY,
S(\/jmmetrwg : So(2N) .

Covresponding interacting theory (_ presevving SUSY')

2
oL D W E g, 0TW Gy,
2.|x1.| zl@%}\ +ily \yi '31;97'\') \P, J
X tree ‘cwwmg -. ergqli,

USing oun wew trick; thwe free Huwory hon,

2N bosonic creation opQYo\{zng a;.b

and 2N feymionic Cveation cpevatovs 0\;3

0

3F



T means,

2p(x) = 2N=x Ze(X) = 2Nx Note,
00 (’)(Y'): 2N x"
=) PE [2Nx] = ex 2N oM = 1 %y
~ % "
PE [28a] = exp[-T €0 onan] - (142>
n<|

2 7 () = <—1EYN

{—%

Tmis wakches with the expected
AMSWEY.

Sometimes it s Comvenient fo keep track o chemicd potentals
othay thon *ﬁ,«go\d@-

Now we will Caleculate,
Z (o) = T M 0({:yi

=1, ..9N
Ji + SO0(2n) Coavtans .




X BoSon tyansform in fundamentor vept o <olan),

:> z2plx,0;) = = <a|+%l-1+~'+ aN+-é—N>: x’)C_FWd(aQ

%qfc,md (a;B . chavactey ok e fundamentol vepn .

= axp| i\ ‘—f;:—q Q%—ngﬁ“ 4+ ay +—é§>]
= oxp [-Wog(-%0)) g (- 3] =~ - = oo (1-xag)
— by C\“"/a@]
& \
Zg 00 = 3—_—\' (1-%a) (1- X i




Similovely

and Zg (x,a;) = 7‘(“\‘*’6’(‘ """"’G‘N‘1‘“5({;4

oX

Z}: (x a-,) :rﬁé[zpﬁm;ﬂlf\-‘ (14 QD (\-\— X

> Z ()= ll'\l] (_“'”‘f) (1+%/a;)

te (1-—‘)(_6\;') (1——'2/@0 TN
Clhack f A= 1 Wi them, Z(‘)(,Ol‘,:i) = %})

Advantoge 3% keeping track dfy (onton charses:  We com compute
- - Y poibien fu over Stokes
with o e veph le gLobo& Sg)vnvv\d'rv. This WUSes OT%goﬂo\l}ixj

N
—1—- _—dai A(a; Q; X /(a B g /
|W‘ \& E 207 Qs (Ql‘) XR( ) R 1) RR

N Yank o} the group.
Iw| * CMV\O\% f e atipdoked W&j\ Qronp.
A(ﬁ'.} - Vaﬂ‘dﬂ!\l" Mowide, AQ)CQ'YW\W\GMT |2/g}



Projection to & paxticulan nepresemtotion:

So, projechion onto shakrs  with given Yep? ,

N
Z (a0 | = 1 0T 8% 4 @) Z(x,45) Xp (@)
R w) = = 2may

Panticulanly +o projeck b e Singlet, we Pove & use
e followng  veduced fox mula, with X’Smw:i

N
: = d&_ 4 (a;)'Z y A
"Z ('170&\) ‘R T E“ o o ) 2 (x )

Reference * A very good veview fov 4his plytlaste  tounting
used T caleulobe  SUSY Iwdex 1S,

2006. 13630 A, Goadde
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]:_\_n_o\_y\zme\n‘:aﬁm of this trick :

Ouwr %mt “We wil\  count no. o} im&gpgmdsmk local lagyam gians
K quontic in @
& ﬂ'\‘()\d@,& bY) WO . d]s darivatives
» upty  equatim df  motion. *¢=0 .

The Space a such opetators for <calars i¢ spanned by,

O, Oy - O D, foe A=001, Subjeeted 15 'aﬂ'a"'cp-_-o_

Thi¢ has So(0)  Symmetry with onW bosaus. S0, we  will  divediy

weite e awwer fvom previoms Studey thal,

. a 3y 2 1
Le (9(,0(',) = Ty X 0 =

2. = D& Ul{)
‘,%fr\ (~x09) (- /a) '

Tws omawey & not exadly worved. Twy  Yeasows,

& Previond  calenlobiow  wab dove foy  CO(2N) Lymmetty 2. when
Dis evam. Fox 0dd D rmula c%omges a bit Io\u%c not

gigwificantly. Lye!



$ Such operators ore generated by acting  with an arbitrony .
devivarives v 9P ., ¢o theiy partibon fn, |

n, 1S,
2% D (%, y) 3/« - “am 3/1»2 BAA

We need To subtadk Hu¢ pork omd we gdf,
g () = (4= lD('X,Q’,)
Till wow  we kept tvack af Cantans o SO(D) bez. we will evepiually
need fw projedt  polynomialh  bwlt out dF Swdon lotbere & the Space
dy  SO(D) Singlets below.

Now we will comtrnd all possible Logmmaaaws od amn  we will
Swhtvaet  our the  totol  derivatives.

Mulbilethey pantibon fuwchion :

= Lk 9 e
Z t ;“S (’X,a) = QXP[ WZ‘ " tg (% )CL‘)]
k=| =
- (i ‘ .
Lg )(’x,a‘\) b K-leter  pontition  fu Note, \SL) = 1

1533



L-\gker  pantition fn :

(4 . : , . .
L(S)(‘X,Q) = ﬁ \__Lg (%) +6ig (1,0) ig(2ad) 316 (o 02)+8 10, M) ig ("(3:0‘%)%“5(""’»0\?]
—

This incliudes  opevators  which one totol  dexivative awnd ’c‘l«mj Should be,
excludad., .

Totak devivative exclugion FB/MI EﬂAz— - ~—§/§(L )

In CFT lomguage, thi¢ meows we only womt to Coleuloke  primary
Scakon quattic  opevators.

Aseuming #F null stakes , if e duvacey Y confrywal primony i
Pryay Haom e chovocter over its entive  wmnltipletr is givem

by  PXA)DHxD. < i%‘ﬁ

Siiee D (x0) encodes the contvibubion  coming feom e tover )
davivakives .
So, e g:mak omawer L-¢. polwonids  df 2'¢ , modulo totak
devivokiver 18 givem bw

(&) %, 0
Lg ( )/[D (’X,O\) 16/3?—




TG Aiver counts  Lov ol indexed  stvnckurer. To pvoject b
$0(D) "Ceodane /singlts  we need & imtegrake over it Cortaw
chowaeak - pote nbials.

D W,
ISD(%):: § T da,A(ay) ts (2,0
=1 D («,a;

Thig inbegval 8 hovd & do analnb ok umericok  wtegratin
eonily  qenevalizes - ety i
dim o on Scolan Pontition fn

D24 o0 Dz -
Di ’) (1 ’\-’)LQ) 9 U"XQ) (1")‘6)
D=2 (1=%5) o0

TS toumts  both pahib}j even ond  odd. .
The gingle latker  portikian fu  for sclon  toan be towlt o

g (ai) = L+ XXy +2% X + X X +

v Y Y
vepveSemt Spm i $pin2 Spind
ds S0(D)

Xp (@A) 1S thae chanacter of Yep™ R ok S0(D). (337



Plytiastic for Photon:

Bagic Structure :  OcCt devivatived on  Fyy

SWOJQ(‘JT 1 oM FMV =0. EoluLaJ(‘\dV\ ck wwobhim.
a[? F mv < =0 Biomehi IAQM{"W

oma @Ma,A) Fop =0 photin fon mull. womewmin

- - B . [[1R)
F{U\V . / BEQ F MVJ ‘ B?FNN ‘ )

Take one davivative aon Fjy -

LA
@ d = B @ ) :"a'

B > Equation df wwbm =0
[> Theic the Biondmn \Ci.Q/Injo‘Tj =0

18 /37




Acton 6t owotey deavivolive

o] > By
9 & Ba@ ol 'O

J¢ 110 ly
L =
j ! (b N 0 3,»( ) 0

B;GWC\/\'\ 0 FNV =
=0~ [3,’3] =0

It con be Shown thok  the only phwtom  Stvuctwe that Aunvives
il 3 T2]a|

L
/‘LV\O‘TMQY YeaSwm - Have cow e only ova. derivative O\V\‘dngvwme’fﬁc
with polomation, obheys have o be Yym. Since [3,3] =0
omd we gek,

'LVQX)OQ = % ‘X,B +'xl ')CEFJ + %3 %BI’ R

19/3%



Fixst teym 18 F/w, bhon  one devivalive

= %

ald d’[g Haom  San we%aw I Since Huve one on}nﬁ one Stvunctwe

ok each daxivohwe  ovdar.

A Thede one pYedSQ\nj e vep¥ & of wveetor sphericol harmnics.
Now w L ¢ 1y (G0) fum, ~ .
0 > wit g0 s v o ( “roR, R %22)

Tik vaw wWe Kwvwow,

g (a)) = L +%x Xy + XX 4 4-"&?’9(,‘:‘:B 4—*1“%@ + -

ty (hay) = 'X‘\' '11%83 + %3 X':B_—\_s

omd - 1¢ Lﬁ(,aﬂ: (1-x*) D (nay)

4-'1(‘9(, Ao

BID
D@Df

@ PO

Note, ig (x,04) C'x%gx o (’X ‘XQ) (i + % Kp + %X 4 + %2 Xogm + qum +>

= 'x)cgq-x'?—xm +x3?cm + o Xogm + -

+ 2+ + x?’%D + 2

g P
Xo + X %U_U-\-

+ 2t Xg +’x'}969:.+ xl"xjgn +oo-

10[33



fvst Line @ tracelass  gymimuetrised  product.
2nd line : takmg the trace .
3vd Lwe OVMSY)MW’N%C pfo&md‘.

':> LS (’)(’Q-l') Cx %DB = (LS(’)L,GO—-1>+‘ s i,s@(,oﬁ> + X LVCX,QO
D lvooa) =) %, = U-ad) ] D(ad) +4

—_—/

Note , X, Com be @asily coleuloted £rom Towlov expansion df is(Xai) -

Givowvitons:

Ry graviton,  comstrainks ong,

MRuvap 0 EOM | Ry in GDL - N
2rp R =0 Biomeh dRicar sealan = o
[0 " m]xp anc L\ S Ricci kommor =0
Weyl tewpor . §
a gimilon procedure gives, On-sheit

L (@) = L) (4% g) = (-2) %, | © (,a) H&HC 2o

— 133



¥ Now we have mbgiwgkz \othey Pa}l{-l,—[jgy\ ﬁ"f“" fm Seahan
photon  ana ﬂ“(avijcmn,

B Next e Hove T coleddte the  4-|ofter pO\n,’nJOOV\
fn .

3 Thon davide by o Aacbr
dexivotive teyms.

g |

Iz subback the totod

# Affer thok integroke over te fary wwoacwne 15

PYOde’ to Sivxo_‘\zts 2. To  comatynek  Ceolon
Laavomgiams.

Al these are explained above fox scalons and
the vesults one Awwn  in 3" locture

But there S ong  Subtlely |

12}33



Pantition fn Ao phwton s, \

divmenyi on Ohoton  ponition fn 0@ ~ Y 6
i (~x1) (1-2°)
d 7,10 21 (2 + 3% 4'2%“)@
d=0 U (2-\—37(14—2%”)00 ey (a Mswun’c?‘,)

i %
d=1 2H 1+ 2> 42— %8 D /

Plethystic counking proceded m ¥ree Ateps,

Stept:  Compwhed Yha pandition fn  built out of 4-lotkeys [éag:?_z\,\mh
Step 21 Subtvacted Hae totoad derivatves by division a5 D of Step L.
Step 3. TIntegrake gtep2  over SO(D) to ifolake SO simglaks.

Tn D=9 ctep2 Hhos o wistake in alsuming thak theve is wo
wulh Stoke . But Hwis 18 wymg  amd

VR R
v’a‘: ¥ EAFAFEAFR 1€ oan mv\acau@ consevyved cwownt
D [PuTE0 (has wobal 5 3,5

= We vieed I subtvoek @ Reom <he omnwer. 2333
(L)




s gives o woy 4o count omd Ust al possible §4-pt inkevackions
graded  with  derivative .

Enumeration 6& Bare Module

Similonly me  com  count  vo- af  S-wakrix  Stvuckne  consbrucked  from
Maldemetom vomabley . The anthors Have ghown o Vvery expliat
Oue-to-ona connection Y Hase two LS.

2443



Here we will  voughly stake Jow e S-moakvix ang, combructed.
You Hove seen 4us in pYeviows \2etune,
Scalang:

& 'ﬁi\_ ot OV\l/'s womenta . tel S,t) U4+t F+S 20
Ponity odd  S-mobriX e given vy Euvp AURY RS dimes F(9)

Note , 1t ¢ o*n\/v} volid in D=2 .

You Rave  Seew, SC'/'Z ®2 = S%
2 2

Zy® 2y heeps (¢,t, W)  invavont

3

S0, $7 ¢ Ahe only men-triviek ponk

Action ok S m Po\@mm)«od ok (SA) 1S loest eaMSed on
permutotion o (St,u)"  Snbjected tv  <tt+u=o.

-_— e—— -
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S% invaront polmno HOWA

degvee,  Syw mixed Sym | ant: sym
O \
{ S+t+u 2¢~t-n , 2t-S-u
2 SZH X+ UE strbutug| 282 £, 24 ¢ty

28t-tu-ug, 2tu~-gt-us

2 2 Sywm Y maxed ¢t +£‘m+m”'s—s€’-{u"
-u s*.

Tt s uefw to  count  all  polynewnaks by Har rveprs  int
& porbition .

2= Ty XZA = . (Igwormg e constroimt
{—x* Stt+u=o)
O momentum  fomngensity .
Z0) = Zppegym =268 Zy,, (0= T 20072 4 200268+ 268)

(Usiv9 mulb-lettey  pantinav 14“—>

2633



Ty () = 2P - z;cx) Z, ()
2m

AR /Z\:R('x) - Z'YlR('W\)’X (M) " no 6 53 "‘@P' 9)
m type R ab degree wm.

Til wow we have wot Yemoved the (wmditom  S+t+un =0,
That tom be  dove  Vevy wbi\/\j. We olm did & befrre.
polynwomiods  we dowt wank  Hove e form
-\(lcg,tB\x (S+ t4+uw)
which  fos  panttion ’5 Zo)  whith Afould be  subtiacked
T Zplo = (-22) Zp()

fore 75 () davotes the portition M over polywovmials um ths
Yeprt R with te  Gwstvoint  S+t+u=o.

27954



Using  thece ,  Similan wonmp e con  cokemlake e fpllowing
ponthion - fu g

Z‘S C'X> = o0 ) ngAC?O: ')(600 ) ZQMC’X) = <°‘2+'xq>°a

L) = ! :
(=) (1-%6)

chack: ZS (9= L 200)° + —20) 2(2) + £ 2(¢)

wheve 2@y = -
| -x%

= = (|-t L ' \ | | _
>Z1S('X) (l X ‘) [ 6 C\—‘)(')—')?’ + y (l—?(r)')(\—x(") + 2 |__fx€ :I
1 ] I
6 (\—11)7'+ 2(\—x”)+ 2 () (Hw)

_ ! oY
=) (=6 ) =R 267



Awnothey way :

—f

\ m W
s Yop¥ polywomials - ohe | (2240 Gtv)

: v
(Covv\P\Q{:Q(A/) S\jW\w&,’ﬁ C) Q;V\%b— lotey  Ovwthay Simgkz. labtey
2'(0('),: 'XLI %Zg'x'): 'Xé
_ _ - ol
Z’ = PE[EW) = — Ly - PE[200]- -
- e le -— -— 1
'> Totok PM’\'T\')OY‘ %." ' Z\g - Z|ZZ ) (=) U_-xé)

4 Yep™. po\/\jvvowdowb ane oF A foxm,

T CSQ'% ~E Y =M 4+ 2 M) (}%— t'l—t—uP)m (st M)w
~ ,XG { 1
(Cince oW ong ghmwx [~x Y l—% &
7 L0 = %6 L

cte. 29)33




E humevation &k ploton bore module”

You hoave Seen dewo mposition ¢k  plhotom  polaruzations
(nto  poavyallel omd perpendicwlon, t2 tha Sao\ﬂ'e"n‘wﬁ plong, |

The stabilizer gronp of -t Secatkering  process i SO(D-3).

Undey S0(D-3) , the polomization af phwton tokes valwe im
e gpowce = (s®v)

&‘c,ako:){, &L’\/QQ’CD'( widey So(D-2) .
S0, 4-photon <eotteving  Apove 1S, <S®V>®
i-2.  pyorcRd T Z,0 2Z, .
A very well Known ’E’)YW\IALO» fov  Hwig PYOJQC‘_JC'TO’V\ 1S
@4[

4
.

4 = ¢"o (%08 A Q)

Z,% 2,

CPTQ,ViO(AA\/g, P“(D\/‘Qd m very SOPWSBm’ced v\/akg>
0| %



A ‘plwcics’ proof  df ?®4[zzxzz =¢'e 3(s*¢® A¢) 9P

Consider o gingle ponticle pcm%ﬂh'an £
Te, (T ) Z<\ﬂa D =z ()
Now cownder o 4o tokwboai ponkide pantihom fn’,
Decompose ¢ into oo parks  €¥C amd A*Q .

T, (ga-?i) =7 <‘L,i2[<nam"”> (‘_"Pﬂ> Ly = 2 (00) ~2(a)



Next —concidar, e hilbert spoce € of foun dishinguishable
patides
'\Y

e (o) - T ] T2 Ly - 2403
\LZL}Lq

Now we want to  prvoject 7 Zz® Zy

> T @ (T( o) = 2 Liyiaigy| T (”P(zw%)* swz)*PW">\u\ yigiy

zl&)zz L2
L3Lb1

] %2: <<i'li'2i’31'4[aj Jijlgisin ) + <“‘{2"3"‘41“T“2"‘L‘4'L3>

Ly
{;{w +<Ll"2‘3“’waj-("3twylz> +<L1LZL3LM]O:T‘LL1L3L2L)>>
5 term 0 2% (a) W checked..
2
$rem T Sy S Ciisl@Tlnb) 26
thlLyq

7;‘0\ term 2, 5 o
iy 3%



D ™ o J\ 2(a) + 3 2(ad)
e 2®zz< ) “

- 2%00) - ,S(z @)+ 2 (a‘)> C(a) 2@5)

—FKQQ% (@") _Ffszg,@) e (aT)

= —ﬁe‘g"'lzz@zz(ﬂa ) Ty @q(\Taj) BT} (ﬂarj)ﬁ (ﬂa)

So, the ponkition fo wmodches exadiy i both sides ds

@4} © oo
~333@ A
¢ 2.92, ¢ 3® A'S
3%)%%

S



Time Ordg,rmq in Chaos Bound
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Bound on Chaos: Review

56 /44

e Statement: Out of time order thermal four-point function in a

2mt .
large N theory cannot grow faster with time than e # where (3 is
the inverse temperature of the ensemble.

e In Appendix A of the same paper, the authors explained that, in
the special case of conformal large N field theories, their bound
also constrains the growth of ordinary time-ordered correlators in
the Regge limit on the Causally Regge sheet.

e Large N CFT in Euclidean = ‘angular quantization’ (i.e., angular
coordinate 6 is Euclidean time and radial coordinate r is space) =
0 is periodic with periodicity 2w. = The theory in this
quantization is effectively thermal with § = 2.

35/}



Bound on Chaos: Review

57 /44

e In the angular quantization the path integral computes,

C _ (01040003)

(ordered in )

Operators r 0
O3 1 0
O, x(<1) i(T — ie)
Oy 1 s
O1 X m+i(T — ie€)

® Gporm have a simple representation in the quantization of the
same theory in usual Minkowski time (in the plane R! obtained
by starting with the plane R? and performing the usual analytic

continuation to go to R11)

e Operators O, and O;7 which are both inserted at Rindler time
T — i€ are respectively inserted at Minkowski time

tm = Exsinh(7 — ie) >~ £xsinh T F je

for 03&04, ty =0

ty = —i tg = —i rsind

— O, >0

= 0, > (04&03) > O

e Reason: Euclidean (xg, tg) = (rcosf, rsinf) &

%37



Bound on Chaos
e In Minkowski space, the normalized correlator takes the form,

(B(1)Oa(x, x)B™H(7) Oa(~1, —1) O5(1, 1) B(7) Os (—x, —x) B~*(7))
1,1))

Gnorm = (B(1)Oa2(x, x)B~H(7 )B(T)Ol( x, =x)B~1(7)){O0a(—1, 1) O5(1,
B(7): boost operator by rapidity 7.
e Operator O, with weight under boost A, follows
B(7)0x(x,x)B7(7) = €7 Ox(xe™ 7, xe")
B(1)01(—x, —x)B7 (1) = eM" Oy (—xe T, —xe")

The normalized four point function simplifies to,

G _ (Oa(xe™ 7, xe™)O4(—1,-1)03(1,1) O1(—xe™ ", —xe"))
RO (Os(xe™ T, xeT) Or(—xe~ T, —xeT)){O4(—1, —1)03(1, 1))

Note: For large enough 7 it is in Causally Regge sheet and

o =4e 7

Y53
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