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Motivation
@00

Superconformal Symmetry and multi-point correlators

CFT data: {A, Aji}

1
(O, (%) On; (X)) = ||A,A Aj=A
Aijk

(On, (%) N (%) Oa, (X)) = ’Xij|A,-+Aijk|Xjk|Aj+Aka,-|Xkl_|Ak+A,-—Aj
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Conformal Bootstrap

1. Constraints of superconformal symmetry (Superconformal Ward ldentities)

2. Consistency conditions
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Setting the stage
®0

PSU(2,2

4) and its analytic superspace

PSU(2.2|4)
> SU(2,2) x SU(4)g

0.
> {g’,a’g Ci=1,...,4 a,a =12
ay Qid

D,P,Ki,M,, QS
Q.S R,
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Setting the stage
®0

PSU(2,2|4) and its analytic superspace

PSU(2,2|4) Analytic superspace
> SU(2,2) x SU(4 X poa
Q( (%ix e X = (_ . _ | € Mat(2|2)
> i Wha g, c pAs yaa
{S'a,sia ,i=1..,4 a,a=1,2

> a,a=1,2,a3,a=1,2
D,P,, KM, Q.S » Xoa = (X*0u)aa : Minkowski
Q.S R! » vy, : Internal space
» puai, Paa: Grassmann-odd coord.
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Setting the stage

oce
Stress tensor multiplet
A
2 /[O,Z,O](u,u)\ szz(X) — 020/ (X, y)
3 0,1,1] 3,09 (1.1, 0]0,3) + paaVas (X, }/) + ﬁaawad (X7 Y)
SN 7N aa —ac
: N S T P70 Aaias (%)
oLl +PPE(xy) + 7F (x.)
H 0,0, 13 0) 1,0,001.4) 0,011 (10,004 5 —ad
7 N 7 N\ + p°p?*Baa (x,y) + ...

4 [0,0,0)00) VA [0,0,0/00)

7 N
3 —[1.0.00.0) —(0,0, 1]

\ /
5 —[0,0,0](%’%)

[Dolan, Osborn '02]

DESY 2023



4pt correlator
©0000000

)

4pt correlator of psu(2,

(W2 (X1) W2 (X2) Wa (X3) W2 (Xa)) = (O (x1, y1) O20r (X2, ¥2) Ot (33, y3) O20r (x4, ya))

+ Zp Waa (Xis yi) O2or (Xks k) O20r (X1, ¥1) O20 (Xm Yim))
+ Zp, Vaa (%1, i) O20r (Xk, Yic) O20r (X1, v1) O20r (X, Ym))

+ Z paa aoz aa;aé (Xi7YI) 020, (Xk,)/k) 020/ (x/,y/) 020/ (Xmaym)> + ...
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4pt correlator
0®000000

4pt correlator of psu(2,2|4)

(W2 () W2 (X2) W2 (X3) W2 (X)) » determined by superprimary correlator
= (Oy07 (x1,¥1) Osgr (x2,¥2) Orqr (x3,¥3) Orgr (x4 ya)) . .
o Y a0y 5 20 a0 ) a0 e » proportional to only one arbitrary
function of the conformal cross ratios

+ § P52 (Was (%15 i) Ot (Xk ¥ik) Oogr (%15 1) Ot (X ¥m))
(one channel)

i=1

4 .
Z e - Cross-ratios:
+ P (Waa (x5, ¥i) Oyor (x> Yk) Oqor (15 v1) Oyt (Xms ym))
i=1 2 2 2 2
. _ Xi2X34 X4 X33
§ : i -ad _X2 X2 V_X2 X2
+ pi " P; (Aad;aé (xi» vi) 020/ (k> vi) 020/ (1, v1) 020/ (Xms ym)) 13 24 13 24
i=1
[Heslop '22,...]

+ ..
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4pt correlator
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4pt correlator of psu(2,2|4)

(Wa (X1)W2 (X)W (X3)W2(Xa))
= (Oy0r (x1,¥1)Ogqr (x2,¥2) Ogqr (x3, ¥3) O (x4 ¥4))
+ ):‘,-‘:lp,-aé (Wava(Xis ¥i)Onqr (ks Yi) Ot (X1 1) Ot (Xm s ym))
+ Z‘;‘:lﬁfd (Wag (i Y1) Oor (i, Y1) Ooqr (X1, ¥1) Ot (Xm s Ym))

. S g
+ 107757 (Aaiaa(Xis Y1) Ongr (ks ¥i) Ot (X1 ¥ O g1 (Xim s ¥m))

+ ...

R-sym structures:
(Oa0r (x1,¥1) O20r (%2, ¥2) Oapr (X3, ¥3) O20r (X, ya))
= yh yaFi({x}) + vl yaa P2 ({x}) + via y3s Fs({x})
+ Y12 Y13 Yoa Yaa Fa({x}) + via via ¥33 v3a Fs ({x})
+ vi3 vis v33 vas Fe({x})




4pt correlator
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4pt correlator of psu(2,2|4)

(Wa(X)W2(X2) Wa (X3)W2(X4))
= (Opgr (x1,¥1)Ogqr (x2:¥2) Opqr (x3, ¥3) O/ (x4 ¥4))
+ ’:‘i‘:lpfmé (W a(xis Y1) Ooqr (xics i) Ot (x15 Y1) Ooyr (xm ', ym))
+TEy PP (a0, (51, Y1) O (i YO 01 (315 Y1) O s (5 yim))
+):, 1P,aap,aa (Aaaas(Xis ¥i)Opor (X Yi) Oogr (%15 Y1) Oogr (xm's ym))

+ ...

R-sym and spacetime structures:
(020 (x1, 1) Oagr (X2, ¥2) O20r (x3,¥3) Oz0r (x4 ya))
4 4 4 4 4 4 2 2 2 2
= (Y12 Y34 Y13 Y24 + Y14 Y23 + Yi2 Yi3 Y24 Y3a

2 2 2 2 2 2 2 2
Y12 Yia ¥23 Y34 + Yi3 Yia Va3 }’24)

1 1
( V) + g U, V) + = (0, v)
Xt 34 13X24 x5

1
bt i, v)>
X13 X14 X23 X24

14 23




4pt correlator
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4pt correlator of psu(2,2|4)

(Wa (X1)Wo (X)W (X3)W2(Xa))
= (Opgr (x1,¥1)Opqr (%2, ¥2) Ogqr (x3, ¥3) O/ (x4 ¥a))
+ Z;—‘:lp?‘é (W a(xis ¥i)Oor (i i) Ot (x15 Y1) Oor (xm s ym))
LBV (W (xj ¥1) O gt (e Vi) gt (51 ¥1) O gt (xim s yim))
5102257 (Aqaian(xis 1) Ongr (5 YD Oogr (515 Y1) O g1 (xms ym))

+ ...

SUSY-invariance : 0 = g’p (..),0=3 =

R-sym and spacetime structures:
(0207 (x1,¥1) Oz0r (%2, ¥2) O20r (X3, 3) O20r (%3, ya))

y12y34f( V) + y13y24f( V) + y14y23f(u v)
X12 X34 X13 X4 X14 %23
y12y13yz4y34 y12y14yz3y34

* x2 x2, x2 x2 fi(u,v) +
12 713 724 734
202 2 2
Y13 Y14 Y53 Y24

+ 55— fo(u,v)

2
X13 X14 %53 X34

fs(u, v)
T2 Xi3 x2, X34

()




4pt correlator
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Constraining the multiplet field expansion
Constraint for W (X) :
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4pt correlator
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Constraining the multiplet field expansion
Constraint for W (X) :

109 9
23ond 8yaé

Aciias(X,Y) = Jag,aa(x,y) — O (x,y)
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4pt correlator
000®0000

Constraining the multiplet field expansion
Constraint for W (X) :

1.0 0
2 Oxaa Qya3
SU(4)-current superprimary

Aciias(X,Y) = Jag,aa(x,y) — O (x,y)
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4pt correlator
00000000

Constraining the multiplet field expansion

Constraint for W (X)
Correlator:

(W2 (X1) Wa (X2) Wa (X3) Wa (Xa))
= <(920/ (x1, y1) O20/ (X2, y2) O201 (X3, y3) O20r (Xa, ya))

+Zpo‘a 5% (Jacias (Xi, ¥i) O20r (Xk: i) O20r (%15 ¥1) O20r (X, Ym))

520 9 0
— —Z 295 DX By (O20/(x1, y1)O20r (X2, y2) O20r (X3, ¥3) O20/ (Xa, y4))

+ Z D20 (Waa(xi, yi)Waa (5, ) O20 (i, vi) O20 (x1, 1)) +
i=1 j#i
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4pt correlator
00000®00

Add constraints from SUSY

Constraint for W5 (X)

Correlator: P Insert spacetime and R-sym
structures x functions of
(Wa (X1) Wa (X2) Wa (X3) Wa (Xa)) cross ratios
= (Oar (x1, y1)On0r (X2, ¥2) Oapr (x3, ¥3) Ogr (xa, ya)) .
P » Impose Invariance under
+ 27107707 (Jaaias (Xis ¥i) Oz0r (Xks Yi) O2or (X1, ¥1) Oo0r (Xms Ym)) SUSY
1 s O 4]
- _24_ _Cla _'aa T / / / / .
2 TP P e Gy (G20 (1, 11)O201 (32, ¥2) 0201 (53, ¥3)O20 (4, ¥4)) . So1ve constraints = PDEs
+ X T2 52 (Was (%, ¥i)Waa (%5, 1) Oaor (Xs Y ) O20r (X1, 1)) + .- » Solve PDEs
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4pt correlator
00000080

Solutions for 4pt functions

- 1 -
f(z,z) =3 f(z,z) + ..

- (1-2)(1-2) -
f3(z,2) —— h(z,z)+ .. _x122 x§4 _
- - 2 -
f(z,2) :ZWL_Z f(z,2)+ ... X123X224
ZZ
11 v="B8 (1 g)(1-2)
fi(2,2) = (-2 + 1y :> f(22) + .. 533,
Z Z
_ —24+z+z _
f6(Z,Z) :Tﬂ (Z,Z) + ...

[Dolan, Gallot, Sokatchev '04,...]
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4pt correlator
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Thank you for your attention!
Stay tuned for the 5pt results!
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Backup slides
©00

Explicit multiplet field expansion

1 s 00 1 aas phppy 0 0 0 0 [0.2,0]
_ — a [} RPN e o - - ©0,0)
We=2(X) (1 P I T~ e we e

N o o [0.0,1] 1 4

+p ( 7 W) Oea " ()
o o (1,10 1

~acy pbsbs_ O ©3)

+p (1 4P P OxBB aybb> Oai (x.y)
[1 01] 11

+ paapaaoaa ad 22 (X’y)
+ ...
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Backup slides
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Truncation in internal coordinates:

09
ybb
9
0=5,
0
0=5,<
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[1,0 1]

ad,ad (X y) |(ab) (ab)
10,0,

aa,Bb;ad (X .y) |(ac ),(3¢)
0011,

sibpian Y @) (a)

Conservation equations:

0 =faefe 7 0
OxBh
0 =7 3)?77
0 =7 8)(?77
0 :eweﬁd%

[17071](1 1y
202

ad,ak

[0,0 1]

ac bﬁ aa

(1,001, 3,

aé,,@b;ad

[07070](1,1)

aa,Bb;ac,bp

(x,¥)
Y (x,y)

(x,¥)

(x,y)




Backup slides
ooe

PSU(1,1]2)

(J(x1, y1)d(x2, y2) (X3, ¥3)J (xa, ya) I (x5, ¥5))

2 2
34 Y45 Y53 14 Y45 Y51 12 Y23 Y34 Y45 Y51
:}/122}’ Y45 Y fl(u,v)+y23y Y45 Y fz(u,v)~|—...—|—y Y23 Y34 Y45 ¢ )%(u,v)’
X12 X34 X45 X53 X53 X14 X45 X51 X12 X23 X34 X45 X51

where yii = yi — yj, Xj = Xi — Xj

X12 X34 v = X23 X45
, V=
X13 X24 X24 X35

Constraints : Y%, %f;(u, v)=0,3%, %f;(u, v) =0
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Cross ratios : u =
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