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Prelude

In 1982, Green, Schwarz, Brink obtained Al"oo" as the low-energy limit of the
superstring scattering amplitude:

4 3

L= () o) gD+ 5 + 000,

Yu-tin Huang

New and old tales from manifest Locality and Unitarity:



Prelude

In 1982, Green, Schwarz, Brink obtained Al"°°p as the low-energy limit of the
superstring scattering amplitude:

st ﬂ4tree %
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Bern, Dixon, Dunbar, Kosower: fix this by unitarity:
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Prelude

In 1982, Green, Schwarz, Brink obtained Al"°°p as the low-energy limit of the
superstring scattering amplitude:

st ﬂ4tree %

4 3

1 s t 1 S s
L=—|(—=2)"+(—=)"| + = l0g?(Z) + = + O(e) .
= [ )+ e+ 5 + 0
Bern, Dixon, Dunbar, Kosower: fix this by unitarity:

A S
‘\ | \Z ) ‘(-7:7-\-1"‘
4/\’ PN, T 3

Birth of generalized unitarity

Yu-tin Huang

New and old tales from manifest Locality and Unitarity:



Prelude

m NLO high multiplicity QCD back grounds

m All loop planar integrand of A" = 4 SYM.N. Arkani-Hamed, J. Bourjaily, F. Cachazo, S.
Caron-Huot, J. Trnka

m Three and four-loop six-point planar N = 4 SYM result (without any integrals)
L. Dixon, J. Drummond, M. v. Hippel, J. Pennington.
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Prelude

m NLO high multiplicity QCD back grounds

m All loop planar integrand of A" = 4 SYM.N. Arkani-Hamed, J. Bourjaily, F. Cachazo, S.
Caron-Huot, J. Trnka

m Three and four-loop six-point planar N = 4 SYM result (without any integrals)
L. Dixon, J. Drummond, M. v. Hippel, J. Pennington.

Modern on-shell approach:
Singularities 1

On-shell elements — impose Locality: P+ +k)2 ,
Branchcuts  (p; +pj+ -+ + px)
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Prelude

m NLO high multiplicity QCD back grounds

m All loop planar integrand of A" = 4 SYM.N. Arkani-Hamed, J. Bourjaily, F. Cachazo, S.
Caron-Huot, J. Trnka

m Three and four-loop six-point planar N = 4 SYM result (without any integrals)
L. Dixon, J. Drummond, M. v. Hippel, J. Pennington.
Modern on-shell approach:
Singularities I —
On-shell elements — impose Locality: — © (Pir+pjt--+px)?
Branchcuts  (pj + pj + - -+ + px)?
— impose Unitarity: residue factorized Ap x Ap_pi2
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Prelude

m Can this construction “perturbatively” define general QFT ?
m If so, what can we learn for QFT in other dimensions ?
m What ever happened to gauge invariance?
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D=3 Set up:

bl =0 p{® = AN’
SL(2,R) Lorentz invariants: (ij) = )\;‘)\}’eab

Supersymmetry— n*, A = 1,2,--- ,N/2

1
b= X4+ navt — EEABC name Xc — mmams ¥t

_ - _ 1 _ i}
V= oy +naXt — EEABC name ¥c — mmm X* .

We are interested in A, (A;) A= (A, m)
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D=8 The four-point amplitude

Impose symmetry:

ot o= ()

Q¥ A, =DA, =0
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D=8 The four-point amplitude

Impose symmetry:

ot o= ()

QA =DAs =0

e () (M)
_6°(P)sc(QM
A= (12)(23)(31)
Completely antisymmetric structure constant — 879 (BLG)
m N =6:
_ B(P)°(QM)
T (12)(23)

Cyclic invariance by two-site, up to a sign underi — i + 1 ABJM
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D=3 The six-point amplitude

From Feyman diagrams: T. Bargheer, F. Loebbert, C. Meneghelli

6) = Gy ( 1 B1Pslp1196[polps|3) + (14)(2lpspelps|2)

Aol (1ipslpslpalpslpsl)
e %<1s><ss><z4> L18)(56)(24) + (16)23)(45) _ (5116} lpal®)
(12) (34(36) (34) (56)2,,
CEHE(6)2 (34 1 (12(45)) .
B s ) + o erele). (D19

+ {shift by one})
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D=3 Recurssion

Impose locality and unitarity: D. Gang, S.Lee, A. Lipstein, E, Koh, Y-t
p1, P2 — pi(z), p2(2)
A Ap(z*) Afz*)
2

P

A= A(Z)
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D=3 Recurssion

Impose locality and unitarity: D. Gang, S.Lee, A. Lipstein, E, Koh, Y-t

p1,p2 — pi(2),p2(2)

A Ap(z*) Afz*)
P2
. .
A— A(2) A
N
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D=3 Recurssion

Impose locality and unitarity: D. Gang, S.Lee, A. Lipstein, E, Koh, Y-t

p1,p2 — pi(2),p2(2)

A Ap(z*) Afz*)
P2
. .
A— A(2) A
N

1
R(z) = 2 ( i(z7'—2z) z+4+z7!
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D=3 Recurssion

Impose locality and unitarity: D. Gang, S.Lee, A. Lipstein, E, Koh, Y-t
The result:

5°(Q)™{ (24} + (46 -+ (6200 (13} + (35} + (51)a) |
Ao S b)) 1)~ @lprss 1) £ 1(62)(53))(—(Glprss ) £ 1(24){15))
@ fatt] e o]

Ea— [——
€25€41%63 €25€41C63
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D=3 Recurssion

Impose locality and unitarity: D. Gang, S.Lee, A. Lipstein, E, Koh, Y-t
The result:

56(Q)63{<24>né + (46)n) + (62)m, +i((13)n5 + (35)m) + <51>n§)}
i) £ 1060 B1)(— @prss|1) £ 1(62)(33)) (— (Glprss ) £ 1(24)(15))
56(Q)53 alt 56(Q)53 ol—
_ rel] sl ]

Enp— E——
€25€41%63 €25€41%3

Why is it so simple ?

-+ 2 2 -+ 2 2 — 4 2 2
C41C41 = P3,45P135> Ce3Cs3 = P5,6,1P1,3,50 Co5Cos = P1,23P135
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The amplitude as a grassmannian integral

Consider a 3 x 6 matrix S,Lee; D. Gang, S.Lee, A. Lipstein, E,

Co1 1 Co3 0
Coi=| Ca1 |0 ]| caz |1
Co1 | 0| co3 | O
dbc
Ag= [ —
(123)(234)(345)
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Koh, Y-t

Cos
C45
Ce5

66(C * CT)53><2(C . )\a)53><3(c . nA)



The amplitude as a grassmannian integral

Consider a 3 x 6 matrix S,Lee; D. Gang, S.Lee, A. Lipstein, E, Koh, Y-t

Coy | 1| C3 |05 |0
Cai=| C41 |0 |cCaz |1 ]|cs5|0
Ce1 0 Ce3 0 Cg5 1
no= [T go(ca T C AT(C )
(123)(234)(345)

The amplitude is given by an integral over a orthogonal Grassmannian manifold!

oy € / dkx2kc 1 SOHD/2(C 4 CTYSR*2(C . AYF3(C - )
GL(k) M; - - - My
The origin of this formula:

m The existence of an infinite dimensional Yangian symmetry: T. Bargheer, F. Loebbert, C.
Meneghelli

m Equivalent to the presence of a dual superconformal symmetry: A. Lipstein, Y-t
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The amplitude as a grassmannian integral

Aoy € / dxzke 1 6k(k+1)/2(C *CT)(SkXZ(C . )\a)de3(C . nA)
GL(k) M; - -- Mg

The dimension
2k x k— K2 —k(k+1)/2 -2k +3 = (k—2)(k —3)/2

PG O

e My =0

fork >3

*M;=0

Spurious Physical
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The amplitude as a grassmannian integral

Remarkable resemblance:

dc
N =4SYM: Ay, = Zfesie/m

ABIM:  Akok = Z res; € /M

Why?
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The amplitude as a grassmannian integral

The information of the scattering amplitude
resi=C* — §(C*-C*T) =6K*2(C* - A3 =M, =0
What is special about C*?
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The amplitude as a grassmannian integral

The information of the scattering amplitude
resi=C* — §(C*-C*T) =6K*2(C* - A3 =M, =0
What is special about C*?

1]/0)lalb
C:<0‘1 c d)
r(Mp) =2, r(Ma) =2, t(M3) =2, r(Mg) =2
1]0]0]|b
C:<o‘1 c d)

I‘(Ml) = 2, r(Mz) = 17 r(M3) = 2, I‘(M4) =2
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The amplitude as a grassmannian integral

The information of the scattering amplitude
resi=C* — §(C*-C*T) =6K*2(C* - A3 =M, =0
What is special about C*?

1]/0)lalb
C:<0‘1 c d)
r(Mp) =2, r(Ma) =2, t(M3) =2, r(Mg) =2
1]0]0]|b
C:<o‘1 c d)

I‘(Ml) = 2, r(Mz) = 17 r(M3) = 2, I‘(M4) =2

Linear interdependency of consecutive columns of the Grassmannian is termed
“Positroid Stratification” Postnikov
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The amplitude as a grassmannian integral

The information of the scattering amplitude
resi=C* — §(C*-C*T) =6K*2(C* - A3 =M, =0
What is special about C*?

1]/0)lalb
C:<0‘1 c d)
r(Mp) =2, r(Ma) =2, t(M3) =2, r(Mg) =2
1]0]0]|b
C:<o‘1 c d)

r(M;) =2, r(Mp) =1, t(M3) =2, r(My) =2
Linear interdependency of consecutive columns of the Grassmannian is termed
“Positroid Stratification” Postnikov
Each cell C* appears to be 1-1 correspondence with r;
The recursion is building a particular stratification! what is it?
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On-shell diagrams

The fundamental 4-pt amp:

Ag= / ‘ﬁic(ﬁ(c .chstlo(c.n)
M; M,
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On-shell diagrams

The fundamental 4-pt amp:

Ag= / ‘ﬁic(ﬁ(c .chstlo(c.n)
M; M,

_ de 416 (1] icosé | 0| isin®
_/siné?cose(S (CN) C={ 0| —isino | 1| icoso

Ay +icosONy +isinONg =0, Az —isinOAy+icosON, =0

Graphical representation:
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On-shell diagrams

Ns +icos 0Ny +isinONy =0, Az —isinOAp + icosfA =0

Graphical representation:

Recall the BCFW shift

Yu-tin Huang
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On-shell diagrams

The fundamental 4-pt amp:

Au= / 90 sac0)- N8 () - m)

sin 6 cos 0
1 isiné
icos6

0(9):< 0

Graphical representation:

Ag x Ay %3‘(% - ﬁ—%
1 6
n(os) ’L —
S5 A (05) x Ag(63)
P N N\
1 6

—isind

icos@ ‘ 0
1
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On-shell diagrams

The fundamental 4-pt amp:

>.< Ag= /dlog tan § §* (C(0) - \) 8% (C(0) - n)

1] ic |0 |is
C(e):(o‘fis 1 ic)
The 6-pt amp:
o b Ag= /dlog tan; dlogtan, dlogtans (1 + s;sys3) 8® (C(6;) - A) 6% (C(6;) - 1)
L)
1 iC]Cz/J 0 —i01SQC3/J 0 i(51 + 5253)/.]
—i(sy + s183)/7 0 1 cac3 /] 0 icpszcy /T
0 10351Cz/1 0 i(S3 + S]SQ)/J 1 —iC3C1/J
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On-shell diagrams

4pt :
6pt :
3 4 5 6
2 5 4 7
8pt :
1 6 3 8
8 7 2 1
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On-shell diagrams

4pt :
6pt :
3 4 5 6
2 5 4 7
8pt :
1 6 3 8
8 7 2 1

m Each term in the recursion correspond to a particular on-shell diagram
m Each diagram encodes a particular C* (stratification)
m What is special about C*?

Yu-tin Huang

New and old tales from manifest Locality and Unit:



On-shell diagrams

What is special about C*?
Analytic continue the signature (+, —, +, - - -

=

All ordered minors are strictly positive for 0 < 6 < /2!

1
0

’ _)

ic | 0|is N 11]c¢c
—is | 1 | ic 0|s
cptcoes 5135 0
I4-cicoes I4cjcocs

S8 ctcic3 0
I4cicpes I4cjcpes

$3C28] $283 1

I+cpepes I+cpepes

cells of the positive orthogonal grassmannian!

Yu-tin Huang
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cality and Unitarity

—S
C

—_

5153

I4ccacs
53C152

I4cjcpes

c3tcicp

T4cjcpes

Amplitude is constructed from



On-shell diagrams in Orthogonal Grasmmannian

Z

>

P
>Z'< >( — 2 Coi(z)
o w7

(H/dlogiani> J 83Kk . p)

i€ny
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On-shell diagrams in Orthogonal Grasmmannian

P

>
Z 73 Zs3
>Z'< >'( — . = Cail?)
5
Zy
X X
Z6 2

(H/dlogiani> J 83Kk . p)

i€ny

/dlogtane

Logarithmic singularity at the boundary of positive OGy, 6 = 0, 7/2
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On-shell Diagrams

Planar ' = 4 SYM € Gr(k, n)+ Arkani-Hamed, J. Bourjaily, F. Cachazo, A. Goncharov, A. Postnikov, J.
Trnka

h R
" e R
/ / \* VP s T{-Q Sz ,
! Foom e e, = Caild)
V4 TSI
e ey A 57 !
* /L f '
1 1 fals T |
iy~ B ﬁi?fg 0 1+16/;0
C.i(fy=1| o : 1 141 9 fifalgla
aill) = i/ (A N ACE S T+1/%
0 f3fahalp 0 fs PR R
T+1/% /% B BR(i+h)
0<fi<o0
o= (32 [ TIwats ) s (c-w)
dia i
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On-shell diagrams in Orthogonal Grasmmannian

1
CiC2C3

(fa, fp, fc) = (C%/S%7C%/S%7C%/S%)’ fo=

1 . N 1 1
fi=—,fh=s15, 3=—, fy =83, fs = —, fg =183
€1 C3 €3
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On-shell diagrams in Orthogonal Grasmmannian

1
CiC2C3

(fa, fp, fc) = (C%/S%7C%/S%7C%/S%)’ fo=

1 . N 1 1
fi=—,fh=s15, 3=—, fy =83, fs = —, fg =183
€1 C3 €3

m On-shell diagrams of ABJM construct cells in positive OGx
m Each cell in positive OGy has an image in positive Gy ok
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On-shell diagrams in Orthogonal Grasmmannian

What is special about this embedding ?

Ag= > /dlogtamdlogtanzdlogtan3(1+sinlsinzsin3)52k(c-A)63k(C-n)

branch

Y2 Y3

6

Ag= > /dlog tan, dlogtan, dlogtans (1 + cos; cos, cos3)82X(C - A)8°5(C - n)

branch

J

R:  (y1,¥2,y3) = (x1,%2,%3)
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On-shell diagrams in Orthogonal Grasmmannian

What is special about this embedding ?

4

- b

(a)
. ab

o a
—> P
ab ac
a P
b c b ¢
(b)

‘e‘lab’ 9;0, 9235> = Rabc(eab: 9ac, 9bc)|9ab7 aac; 9bc>
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On-shell diagrams in Orthogonal Grasmmannian

What is special about this embedding ?

Racb Rabd Racd Rbcd
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On-shell diagrams in Orthogonal Grasmmannian

What is special about this embedding ?

Rbcd Racd Rabd Racb
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On-shell diagrams in Orthogonal Grasmmannian

What is special about this embedding ?
A solution to the Tetrahedron equation:

RacoRabd Racd Rbcd = Rbcd Raca Rabd Rach

010 020!
R: (01,02,03) — (#,91 +93—919293,$>,
01 4 03 — 016203 61 + 03 — 016203
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On-shell diagrams

The fundamental 4-pt amp:

A / 9 s (ce0)- 08 (C0) - )

sinfcos 6

1| cosf |0 | —sind
CW)Z( 0| sino ‘ 1 ‘ cos ¢ )

Ay +cosONy —sinONg =0, Az +sinOAs +cosdA, =0
The boundary § = 7/2,6 =0

2 3 3
W
0 — + {
1’/\4 1- \\4

\/

Yu-tin Huang
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On-shell diagrams

Each cell is combinatoricaly a polytope

Z(*l)d‘ni

-14+3-6+5=1

Yu-tin Huang
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On-shell diagrams

Each cell is combinatoricaly a polytope

dimensions cell multiplicity
4 (16)(24)(38)(47) 1

3 (23)(47)(58)(16), (45)(16)(27)(38), (18)(25)(36)(47), (67)(38)(14)(25)

(28)(16)(47)(35), (24)(38)(16)(57), (17)(38)(25)(46), (13)(25)(47)(68)

2 (23)(48)(57)(16), (23)(68)(47)(15), (23)(17)(58)(46), (45)(26)(38)(17)

(45)(13)(27)(68), (45)(16)(28)(37), (18)(26)(47)(35), (18)(57)(36)(24)

)(46)(25)(37), (( )(24)(38)(15)

)(35)(47)(68) )(24) (57)(68)

8

5 i
(18)(46)(25)(37), (67)(25)(48)(13 , (67)(24)(38)(15
(12)(35)(47)(68), (28)(17)(35)(46)

)
)(25
)
(56)(24)(38)(17
)
)
)

)(47)(35),

)(14)(28),

)(16)(57), (13)(24) (57) (68

)(25)(13) 18
)(17)(48)

)(26)(13)

)(28)(57)

)(57)
)(15)
)(37)
)(13)
)(46)
)(17)
1 (35)(18)(46)(57), (23)(14)(57)(68)
(28)(17),
)(46)
)(48)
)(46)
)(28)
)(47)
)(12)
)(34)

(
(
(
(
( (67)(48)(15
(

(35)(46),
(
(
(
(
(
(

(45)(23)(17)(68), (45)(36

(
(
(
(
)(18)(46)(57), (
)(23)(17)(68), (
(18)(67)(24)(35), (18)(27 (
)(45)(28)(13),
)(56)(24)(37),

28
57
13
48),
13),
57),
(67)(45)(28)(13), (67)(12
(56)(24)(37), (12)(78

(34)(67)
0 (23)(18)(45)(67), (23)(18
(45)(23)(78)(16), (45)(36,
(18)(27)(34)(56), (67)(58,

1-8+18—-224+12=1

(35)(48
(35)(46
(15)(28
(56)(47,
(78)(12
(12)(34

)(78)(46)(15), (45)(12)(37) (68
2)(34)(68)(57), (34)(56) (17) (28
56)(78)(13)(24) 22
(23)(14)(56)(78), (23)(14)(67)(58)
45)(36)(18)(27), (18)(67) (34)(25)
67)(45)(12)(38), (12)(34) (56)(78) 12

)(67)(48)(15)
)(18)(26)(37)
)(58)(13)(24)
)(12)(37)(68)
)(56)(17)(28)

s

Yu-tin Huang
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m Efficiently imposing locality and unitarity we’ve uncovered new symmetries.
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summary

m Efficiently imposing locality and unitarity we’ve uncovered new symmetries.
m The amplitude of ABJM = cells of positive OGx
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summary

m Efficiently imposing locality and unitarity we’ve uncovered new symmetries.
m The amplitude of ABJM = cells of positive OGx

m cells of positive OGy is a sub manifold of positive Gy oy satisfies tetranedron
equation
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summary

m Efficiently imposing locality and unitarity we’ve uncovered new symmetries.
m The amplitude of ABJM = cells of positive OGx

m cells of positive OGy is a sub manifold of positive Gy oy satisfies tetranedron
equation

m The elementary building blocks are simply polytopes in nature.
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summary

Efficiently imposing locality and unitarity we’ve uncovered new symmetries.
The amplitude of ABJM = cells of positive OGy

cells of positive OGy is a sub manifold of positive Gy »: satisfies tetrahedron
equation

The elementary building blocks are simply polytopes in nature.
Amplitude is simply a polytope with physical boundaries.

Yu-tin Huang
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Gauge anomalies

If one can perturbatively define a theory using only on-shell elements, then gauge
symmetry is truly a figment of our imagination

How do we see chiral theories are sick?

AR =X
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Gauge anomalies

If one can perturbatively define a theory using only on-shell elements, then gauge
symmetry is truly a figment of our imagination

How do we see chiral theories are sick?
Consider 1-loop 4-pt

Ag = Tr(1234)A(1234) + Tr(1342)A(1342) + Tr(1423)A(1423) + flip

The color-ordered amplitude can be conveniently written as:

A(1234) = Cyly + Cashs + Catlat + Coshs + Cotlot + R

AN =X

Unitarity: C;
Locality: R

Yu-tin Huang
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Gauge anomalies

How do we see chiral theories are sick?
The color-ordered amplitude can be conveniently written as:

A(1234) = Cyly + C3ghss + C3ilat + Coshg + Cotlot + R

The devil is rational

Yu-tin Huang
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Four-dimensional prelude

t(su — 6st — 2ut) 2
6ud

(452 + 212 — 7su) 2_>,
6ud .

31’
)
21t

o

Yu-tin Huang
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Four-dimensional prelude

Parity-even:

Aeven({+0—3+4— 2 2 2
(172-3747) _ st(s +t)(log(£) +W2>
Atree 2u4 s

()
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Four-dimensional prelude

Parity-even:

even(4+o0—n+4— 2 2 2
Aven(1t2-3+47)  st(s +t)(|og(£) +W2>

Atree 2u4
s—t st(s—1t) s (=8)c+(-t)~¢
- X 7 lo — - 7 @ J
o[ )]s (7) -
u=(p +ps)?
Locality requires these spurious poles to be absent.
Aeven 32 s
M =—= - =+0).
Atree u—0 u u
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Four-dimensional prelude

Parity-even:

even(4+o0—n+4— 2 2 2
Aven(1t2-3+47)  st(s +t)(|og(£) +W2>

Atree 2u4
s—t st(s—1t) s (=8)c+(-t)~¢
- X 7 lo — - 7 @ J
o[ )]s (7) -
u=(p1 + ps)?
Locality requires these spurious poles to be absent.
Aeven 32 s
M =—= - =+0).
Atree u—0 u u
RON(1,2,3,4) = — >
) K ) - u2
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Four-dimensional prelude

Parity-odd:

Ad(1+2-3+4-)  si(s2 — 12) A
Atree = 2U4 (IOQ (g) +7T)

()=()
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Four-dimensional prelude

Parity-odd:
Ad(1+2-3+4-)  si(s2 — 12) A
Atree = 2U4 (IOQ (g) +7T)
-(5) e (=)
u? IN= )
Aodd

s
E|u—>0 =7y +0(°).

Locality again requires such spurious poles to cancel against that from R°dd
s—t

2stu

Locality forces us to have a new factorization channel — dimension counting and
helicity weight fixes the residue to by that of spin-1

AtreeRodd(1,2’374) — Atree 827Ut — <24>2[13]2

Yu-tin Huang

New and old tales from manifest Locality and Unitarity:



Four-dimensional prelude

Parity-odd:

R = %[(Sft)Tr(1234)+(ufs)Tr(1342)+(tfu)Tr(1423)

+(s — u)Tr(1243) + (u — 1) Tr(1324) + (t — 5) Tr(1432)] .

Let us consider the residue for the s — 0

(24)2113]

o5l [ Tr(1234) — Tr(1342) + Tr(1243) + Tr(1432)]
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Four-dimensional prelude

Parity-odd:

R = %[(Sft)Tr(1234)+(ufs)Tr(1342)+(tfu)Tr(1423)

+(s — u)Tr(1243) + (u — 1) Tr(1324) + (t — 5) Tr(1432)] .

Let us consider the residue for the s — 0

(24)2113]

o5l [ Tr(1234) — Tr(1342) + Tr(1243) + Tr(1432)]

Tr(1432) — Tr(1234) + (1 <> 2) = d'#f23 , + d"83724 , L 01234 , L (1 » 2) = 0.
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Four-dimensional prelude

Parity-odd:

R = %[(Sft)Tr(1234)+(ufs)Tr(1342)+(tfu)Tr(1423)

+(s—u)Tr(1243) + (u— t)Tr(1324) + (t — 5) Tr(1432)] .
Let us consider the residue for the s — 0

(24)2113]

o5l [ Tr(1234) — Tr(1342) + Tr(1243) + Tr(1432)]

Tr(1432) — Tr(1234) + (1 <> 2) = d'#f23 , + d"83724 , L 01234 , L (1 » 2) = 0.

dabCfde 2=0.

The non-abelian box-anomaly

Yu-tin Huang

New and old tales from manifest Locality and Unitarity:



Six-dimensions

Parity-odd:
(5—1) 4 (=1 4
Cy = F* C3s=— F,
4 6L2 8 612
(s—1) 4 F* F*
3t 63U2 ; 2s Stu7 2t stu )

The function F* is explicitly given as:

F4 = <4d|p2p3\4d]F(3123) + (oj)cyclic,
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Six-dimensions

Parity-odd:
(s—1) 4 (s—1) 4
Cy = F* C3s = — F?,
4 612 8 61u2
(s—1) 4 F4 F4
3t 63U2 ; 2s Stu7 2t stu )
The function F* is explicitly given as:
F4 = <4d|p2p3\4d]F(3123) + (oj)cyclic,
A u=0 - (MY L o), Ai s—0. — o str(T4) + O(s")
= 18ut T 2== T q8su
F4
Ay =0 — ——str(T*) + O(1%), 2
. TSI +0(t%) @
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Six-dimensions

Parity-odd:
(s—1) 4 (s—1) 4
Cy = F* C3s = — F?,
4 612 8 61u2
(s—1) 4 F4 F4
3t 63U2 ; 2s Stu7 2t stu )
The function F* is explicitly given as:
F4 = <4d|p2p3\4d]F(3123) + (oj)cyclic,
A u=0 - (MY L o), Ai s—0. — o str(T4) + O(s")
= 18ut T 2== T q8su
F4
Ay =0 — ——str(T*) + O(1%), 2
. TSI +0(t%) @

str(T*) = astr(t*) + btr(t?)tr(?),

Yu-tin Huang

New and old tales from manifest Locality and Unitarity:



Six-dimensions

Parity-odd:
We are not done yet
F4
Ay u=0 - 180t (tr(t1 ) (taty) + tr(t 1) (faty) + tr(tita) (ta12)) + O(U°) .

Clearly only the group theory factor tr(t;t3)(t2t4) makes any sense as a factorization
channel for the u channel pole
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Six-dimensions

Parity-odd:
We are not done yet
F4
Ay u=0 - 180t (tr(t1 ) (taty) + tr(t 1) (faty) + tr(tita) (ta12)) + O(U°) .

Clearly only the group theory factor tr(t;t3)(t2t4) makes any sense as a factorization
channel for the u channel pole

—t u
R = Fir ( tr(tib)(tst tr(tyt3) (ot tr(tity) (13t
f(f(12)(34) +r(13)(24)18t +f(14)(32)18 tu)

18stu

With the above rational term, we now find:

4

F* 0 F 0
As u=0 — o tr(til)(lla) +O(W7), A s=0, —  tr(tite)(tsh) + O(s7)

4

F 0
Ay t=0 —%tf(ﬁh)(tggtg)—l—@(t ).
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Six-dimensions

Parity-odd:

18stt
Where did this factor come from?

u
R = F*tr (tr(t1 tg)(t3t4) -I— tl’(t1 t3)(t2t4) + tf(t1 t4)(t3t2)18 tu) .
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Six-dimensions

Parity-odd:
u
R = Ftr ( tr(tib) (L5t tr(tit3) (ot tr(tyty) (3t .
f(f(12)(34)18 +I’(13)(24) +f(14)(32)18 tu)
Where did this factor come from?
1 [ ((e1 ko)  (e1-k3) | (e -k4)) -
Ranom  _ Fa NF3NF, 1
18{( s + u + r 2 3 4 + (cyclic)
RO LGS = { ((61 fo) _plahe) | (o 'k“)) Fo A Fa A Fy+ (cyclic)}
18 s u t
pat=s
18stu
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There is no gauge anomaly per se..
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Summary

There is no gauge anomaly per se..

m Rational terms holds locality for ransom
m Anomaly cancellation + GS mechanism — off-shell way of obtaining R
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Summary

There is no gauge anomaly per se..

Rational terms holds locality for ransom

Anomaly cancellation + GS mechanism — off-shell way of obtaining R
Rational terms occur only for D = even, n = D/2 + 1.

Similar construction has been applied to gravitational, mixed anomaly.
Applied to chiral two-forms (even though no action exists)
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