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Zm2biBQM R

*QMbB/2` i?2 +�MQMB+�H 2M2`;v@KQK2MimK i2MbQ` 7Q` i?2 7`22 #QbQM BM d > 2X 6BM/ �M BKT`Qp2K2Mi i2`K
r?B+? K�F2b Bi +H�bbB+�HHv i`�+2H2bb rBi?Qmi bTQBHBM; +H�bbB+�H +QMb2`p�iBQMX

( >BMiX LQi2 i?�i i?2 BM/2t bi`m+im`2 bm;;2bib � ;2M2`�H �Mb�ix Q7 i?2 7Q`K, (αηµν∂ρ∂ρ + β∂µ∂ν) f(x)X )

S`QQ7X h?2 �+iBQM �M/ i?2 +�MQM+B�H bi`2bb@2M2`;v i2MbQ` 7Q` i?2 7`22 #QbQM �`2 ;Bp2M BM i?2 MQi2b,

S[φ] =

∫
ddxL =

1

2

∫
ddx ∂µφ · ∂µφ.

Tµν
c = −ηµνL+

∂L
∂(∂µφ)

∂νφ = −1

2
ηµν∂ρφ · ∂ρφ+ ∂µφ · ∂νφ

h?2 i`�+2 Q7 i?2 +�MQMB+�H bi`2bb@2M2`;v i2MbQ` Bb ;Bp2M #v

(Tµ
µ)c = −1

2
(d− 2)∂ρφ · ∂ρφ.

q2 b22F 7Q` �M BKTQ`p2K2Mi Bµν bm+? i?�i Tµν +Tµν
c +Bµν b�iBb}2b i?2 +QMb2`p�iBQM 2[m�iBQM ∂µTµν = 0X

"v i?2 ?BMi r2 +QMbB/2` Bµν Q7 i?2 7Q`K

Bµν = (ηµν∂ρ∂
ρ − ∂µ∂ν)f(φ).

AM/22/-
∂µB

µν = (∂ν∂ρ∂
ρ − ∂µ∂

µ∂ν)f(φ) = 0.

h?2 i`�+2 Q7 Bµν Bb ;Bp2M #v
Bµ

µ = (d− 1)∂ρ∂
ρf(φ).

A7 r2 i�F2 f(φ) =
d− 2

4(d− 1)
φ2- i?2M

Bµ
µ =

d− 2

4
∂ρ∂

ρ(φ2) =
d− 2

2
(∂ρφ∂

ρφ),

r?B+? BKTHB2b i?�i Tµ
µ = 0- r?2`2

Tµν = Tµν
c +

d− 2

4(d− 1)
(ηµν∂ρ∂

ρ − ∂µ∂ν)φ2.

Zm2biBQM k

*QMbB/2` irQ /BK2MbBQM�H GBQmpBHH2 i?2Q`v rBi? i?2 7QHHQrBM; G�;`�M;B�M /2MbBiv

L =
1

2
∂µφ∂

µφ+
1

2
m2eφ

q`Bi2 /QrM i?2 +�MQMB+�H 2M2`;v KQK2MimK i2MbQ` �M/ p2`B7v i?�i Bi Bb +QMb2`p2/ UQM i?2 2[m�iBQMb Q7
KQiBQMVX �// � i2`K bm+? i?�i Bi Bb �HbQ i`�+2H2bb- rBi?Qmi bTQBHBM; +QMb2`p�iBQMX

S`QQ7X h?2 +�MQMB+�H bi`2bb@2M2`;v i2MbQ` Bb ;Bp2M #v

Tµν
c = −ηµνL+

∂L
∂(∂µφ)

∂νφ = −1

2
ηµν(∂ρφ∂

ρφ+m2 eφ) + ∂µφ∂νφ.

R

OK

OK

OK

OK



6Q` i?2 2[m�iBQM Q7 KQiBQM- r2 r`Bi2 /QrM i?2 1mH2`ĜG�;`�M;2 2[m�iBQM,

∂µ
∂L

∂(∂µφ)
− ∂L

∂φ
= 0 =⇒ ∂µ∂

µφ =
1

2
m2 eφ .

aQ

∂µT
µν
c = −∂ν∂ρφ∂

ρφ− 1

2
m2 eφ ∂νφ+ ∂µ∂

µφ∂νφ+ ∂µφ∂µ∂
νφ

=

(
∂µ∂

µφ− 1

2
m2 eφ

)
∂νφ = 0

h?2 +�MQMB+�H bi`2bb@2M2`;v i2MbQ` BM/22/ b�iBb}2b i?2 +QMb2`p�iBQM 2[m�iBQMX h?2 i`�+2 Bb ;Bp2M #v

(Tµ
µ)c = −1

2
(d− 2)∂ρφ∂

ρφ− d

2
m2 eφ .

6`QK i?2 T`2pBQmb [m2biBQM r2 FMQr i?�i i?2 }`bi i2`K +�M #2 2HBKBM�i2/ #v �//BM; � i2`K Bµν =
d− 2

4(d− 1)
(ηµν∂ρ∂ρ − ∂µ∂ν)φ2 iQ Tµν

c X 6Q` i?2 b2+QM/ i2`K- r2 mb2 i?2 2[m�iBQM Q7 KQiBQM- �M/ +QMbB/2`

Cµν = (ηµν∂ρ∂
ρ − ∂µ∂ν)f(φ)

rBi?
Cµ

µ = (d− 1)∂ρ∂
ρf(φ) = d∂ρ∂

ρφ.

h?Bb BKTHB2b i?�i f(φ) =
d

d− 1
φX AM bmKK�`v- Tµ

µ = 0 7Q`

Tµν = Tµν
c +

1

d− 1
(ηµν∂ρ∂

ρ − ∂µ∂ν)

(
d− 2

4
φ2 + dφ

)
.

Zm2biBQM j

S`Qp2 i?2 7QHHQrBM; T`QT2`iv mM/2` bT2+B�H +QM7Q`K�H i`�Mb7Q`K�iBQMb

∣∣x′i − x′j
∣∣ = |xi − xj |

γ1/2i γ1/2j

r?2`2 γi = 1− 2b · xi + b2x2i X

S`QQ7X 6Q` Kv +QMp2MB2M+2 A mb2 x := xi �M/ y := xj X h?Bb 2[m�HBiv Bb T`Qp2/ #v #`mi2 7Q`+2 +QKTmi�iBQMX

x′µ − y′µ =
xµ − bµx2

γx
− yµ − bµy2

γy

=⇒ (x′ − y′)2 =
x2 + b2x4 − 2x2(b · x)

γ2x
+

y2 + b2y4 − 2y2(b · y)
γ2y

− 2

γxγy

(
x · y + b2x2y2 − (b · x)y2 − (b · y)x2

)

=
x2

γx
+

y2

γy
+

−2x · y − y2(1− 2(b · x) + b2x2)− x2(1− 2(b · y) + b2y2) + x2 + y2

γxγy

=
x2

γx
+

y2

γy
+

−2x · y − γxy2 − γyx2 + x2 + y2

γxγy

=
(x− y)2

γxγy

"v i�FBM; i?2 b[�m`2 `QQi r2 Q#i�BM i?2 /2bB`2/ 2[m�HBivX

k

OK

OK

OK

OK, it was enough to consider 
d=2 as required in the question

OK



Zm2biBQM 9

*QMbB/2` i?2 BMp2`bBQM i2MbQ` Iµν(x) = ηµν − 2xµxν

x2 X a?Qr i?�i mM/2` BMp2`bBQMb

Iµα(x)I
αβ(x− y)Iβν(y) = Iµν

(
x′ − y′

)

r?2`2 (x′)µ = xµ/x2 �M/ (y′)µ = yµ/y2X

S`QQ7X Ai b22Kb i?�i i?Bb [m2biBQM Bb MQi?BM; #mi � #`mi2 7Q`+2 +QKTmi�iBQMX A /B/ MQi }M/ � M2�i r�v iQ /Q i?BbXXX
q2 2tT�M/ i?2 H27i@?�M/ bB/2 Q7 i?2 2[m�iBQM,

Iµα(x)I
αβ(x− y)Iβν(y) =

(
ηµα − 2x′µxα

)(
ηαβ − 2

(xα − yα)(xβ − yβ)

(x− y)2

)(
ηβν − 2yβy

′
ν

)

= ηµν − 2x′µxν − 2yµy
′
ν + 4x′µy

′
νx · y

+ 4
x2 − x · y
(x− y)2

x′µ(xν − yν)− 4
y2 − x · y
(x− y)2

y′ν(xµ − yµ)

− 2
(xµ − yµ)(xν − yν)

(x− y)2
+ 8

(x2 − x · y)(y2 − x · y)
(x− y)2

x′µy
′
ν

h?2`2 �`2 3 i2`Kb BM i?2 2tT�MbBQMX q2 ;`QmT i?2K BM i?2 7QHHQrBM; r�v,

Ç *Q2{+B2Mib Q7 xµxν ,

− 2

x2
+

4(x2 − x · y)
x2(x− y)2

− 2

(x− y)2
= − 2y2

x2(x− y)2
.

Ç *Q2{+B2Mib Q7 yµyν ,

− 2

y2
− 4(y2 − x · y)

y2(x− y)2
− 2

(x− y)2
= − 2x2

y2(x− y)2
.

Ç *Q2{+B2Mi Q7 xνyµ,
2

(x− y)2
.

Ç *Q2{+B2Mib Q7 xµyν ,

4x · y
x2y2

− 4(x2 − x · y)
x2(x− y)2

− 4(y2 − x · y)
y2(x− y)2

+
2

(x− y)2
+

8(x2 − x · y)(y2 − x · y)
x2y2(x− y)2

=
2

(x− y)2
.

h?2`27Q`2 i?2 Q`B;BM�H 2tT`2bbBQM bBKTHB}2b iQ

ηµν −
2(y4xµxν + x4yµyν − x2y2xµyν − x2y2xνyµ)

x2y2(x− y2)

= ηµν −
2(y2xµ − x2yµ)(y2xν − x2yν)

x2y2(x− y)2

= ηµν − 2
(x′µ − y′µ)(x

′
ν − y′ν)

(x′ − y′)2

= Iµν(x
′ − y′).

q2 ?�p2 i?mb b?QrM i?�i i?Bb Bb 2[m�H iQ i?2 `B;?i@?�M/ bB/2 Q7 i?2 +H�BK2/ 2[m�HBivX UAi iQQF K2 �M ?Qm`
iQ /Q i?Bb +QKTmi�iBQMXXXV

j

OK

ByQ3 foranyconformal transformation x'y12 ⼝ x ⼝g x y
2
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Zm2biBQM 8

*QMbB/2` i?2 PS1 φ1(x)φ2(0) �M/ i?2 +QMi`B#miBQM iQ i?Bb PS1 7`QK � bBM;H2 T`BK�`v φ∆(0) THmb �HH Bib
iQr2` Q7 /2b+2M/�Mib,

φ1(x)φ2(0)|0〉 =
+QMbi

|x|∆1+∆2−∆
(φ∆(0) + αxµ∂µφ∆(0) + · · · ) |0〉

AM i?2 H2+im`2b Bi ?�b #22M b?QrM ?Qr iQ }t α #v �+iBM; QM #Qi? bB/2b rBi? KµX "v 7QHHQrBM; i?2 b�K2 B/2�
+QKTmi2 i?2 M2ti Q`/2`b BM i?2 �#Qp2 2tT�MbBQM- [m�/`�iB+ BM xX

S`QQ7X h?2 PS1 Q7 φ1(x)φ2(0) |0〉 BM i?2 b2+QM/ Q`/2` Bb ;Bp2M #v

+QMbi
|x|∆1+∆2−∆

(φ∆(0) + αxµ∂µφ∆(0) + βxµxν∂µ∂νφ∆(0) + · · · ) |0〉 . U∗V

6`QK i?2 H2+im`2b r2 FMQr i?�i α =
∆1 +∆2 −∆

2∆
X hQ +QKTmi2 β- r2 �;�BM H2i Kµ �+ib QM i?2 2tT`2bbBQMX

h?2 b2+QM/ Q`/2` i2`K Q7 Kµφ1(x)φ2(0) |0〉 Bb ;Bp2M #v

iα(∆1 +∆2 −∆)
const

|x|∆1+∆2−∆
xµx

ν∂νφ∆(0) |0〉 .

h?2 b2+QM/ Q`/2` i2`K Q7 Kµ �+iBM; QM 2[m�iBQM (∗) Bb ;Bp2M #v

−β
const

|x|∆1+∆2−∆
xνxρKµPνPρφ∆(0) |0〉 = −2iβ

const

|x|∆1+∆2−∆
xνxρ (ηµρPνD + ηµνDPρ)φ∆(0) |0〉

= −2iβ
const

|x|∆1+∆2−∆
xνxρ (ηµρPνD + ηµνPρD + iηµνPρ)φ∆(0) |0〉

= 2iβ
const

|x|∆1+∆2−∆
(2∆+ 1)xµx

ν∂νφ∆(0) |0〉

h?2`27Q`2 r2 Kmbi ?�p2
β =

α(∆1 +∆2 −∆)

2(2∆+ 1)
=

(∆1 +∆2 −∆)2

4∆(∆+ 1)
.

Zm2biBQM e

_2/2`Bp2 i?2 `2bmHib �#Qp2 #v +QMbB/2`BM; �TT`QT`B�i2 irQ �M/ i?`22 TQBMi 7mM+iBQMb BM � +QM7Q`K�H }2H/
i?2Q`v- 7QHHQrBM; i?2 ǴT`�+iB+�H K2i?Q/Ǵ /2b+`B#2/ BM i?2 H2+im`2 MQi2bX

S`QQ7X amTTQb2 i?�i i?2 PS1 Q7 φ1(x)φ2(0) i�F2b i?2 7Q`K

φ1(x)φ2(0) = C∆(x, ∂)φ∆(0).

6`QK i?2 MQi2b- i?2 j@TQBMi +Q``2H�iBQM 7mM+iBQM Bb ;Bp2M #v

〈φ1(x)φ2(0)φ∆(z)〉 = C12∆C∆(x, ∂) 〈φ∆(y)φ∆(z)〉
∣∣
y=0

=
C12∆

|x|∆1+∆2−∆ · |z|∆2+∆−∆1 · |x− z|∆1+∆−∆2
.

h?2 k@TQBMi +Q``2H�iBQM 7mM+iBQM Bb ;Bp2M #v

〈φ∆(y)φ∆(z)〉 =
1

|y − z|2∆ .

9

You are missing a term in the ansatz!

Hiding too many steps and final result is wrong

Incomplete



OperatorProduct Expansion
Theyconverge in CFT but in general QFT
Stateoperatorcorrespondence
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