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Nontrivial constraints on EFT



Causality constraint
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ex.) Lagrangian of a NG boson

On a non-trivial background:

[Adams, Arkani-Hamed, Dubovsky, Nicolis, Rattazzi, hep-th/0602178]
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Unitarity

Causality
Analyticity
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Unitarity constraint
Scattering amplitude

[Adams, Arkani-Hamed, Dubovsky, Nicolis, Rattazzi, hep-th/0602178]
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Consider an integral
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Optical theorem

Crossing symmetry
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Stability of SUSY breaking vacuum

K = X†X � c

4⇤2
(X†X)2

<latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit><latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit><latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit><latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit>

W = µ2X
<latexit sha1_base64="SczJGfJIiXRZFVE2L8743F7IL8s="></latexit><latexit sha1_base64="SczJGfJIiXRZFVE2L8743F7IL8s="></latexit><latexit sha1_base64="SczJGfJIiXRZFVE2L8743F7IL8s="></latexit><latexit sha1_base64="SczJGfJIiXRZFVE2L8743F7IL8s="></latexit>

V = µ4 +
c

⇤2
µ4|X|2 + · · ·

<latexit sha1_base64="YWWqIxyVxL0tWa9FR6K6F6sNehk="></latexit><latexit sha1_base64="YWWqIxyVxL0tWa9FR6K6F6sNehk="></latexit><latexit sha1_base64="YWWqIxyVxL0tWa9FR6K6F6sNehk="></latexit><latexit sha1_base64="YWWqIxyVxL0tWa9FR6K6F6sNehk="></latexit>

L = �
⇣
1� c

⇤2
X†X

⌘
@µX†@µX � V

<latexit sha1_base64="fMDmLNYYTRj5LcnvARMAAiKAZqc="></latexit><latexit sha1_base64="fMDmLNYYTRj5LcnvARMAAiKAZqc="></latexit><latexit sha1_base64="fMDmLNYYTRj5LcnvARMAAiKAZqc="></latexit><latexit sha1_base64="fMDmLNYYTRj5LcnvARMAAiKAZqc="></latexit>



Curvature of inflation potential

Along the trajectory: 

Orthogonal to the trajectory: 

Stability of inflation

Spectral index
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Hilltop inflation Hybrid inflation
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[Planck 2018 results. X. Constraints on inflation]
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Unitarity & Analyticity
Scattering amplitude

Consider an integral

Optical theorem

Crossing symmetry
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c

⇤2
=

1

⇡

Z 1

0
ds

✓
�XX†(s)

s
� �XX(s)

s

◆

<latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit>

1

2

3

4

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

Xc
<latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit>

Xc
<latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit>

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

Time



Unitarity & Analyticity

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

Xc
<latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit><latexit sha1_base64="G26LVNdsHpXxd0d+oOpjsOADYxI="></latexit>

Time

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

Time

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

VSAnything Anything

c

⇤2
=

1

⇡

Z 1

0
ds

✓
�XX†(s)

s
� �XX(s)

s

◆

<latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit>

(+ large s part)

For related works, see e.g. [I. Low, R. Rattazzi, and A. Vichi, 0907.5413 [hep-ph]]
[A. Falkowski, S. Rychkov, and A. Urbano, 1202.1532 [hep-ph]]
[B. Bellazzini, L. Martucci, and R. Torre, 1405.2960 [hep-th]]



Unitarity & Analyticity
c

⇤2
=

1

⇡

Z 1

0
ds

✓
�XX†(s)

s
� �XX(s)

s

◆

<latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit><latexit sha1_base64="0zSBcHuuTawRtbtJQvJkdYpJhtw="></latexit>

(+ large s part)

Example 1

W =
�

2
X2Y +mY Z

<latexit sha1_base64="g4F/GFuo4OuhvsELvcLIX8kNOIg="></latexit><latexit sha1_base64="g4F/GFuo4OuhvsELvcLIX8kNOIg="></latexit><latexit sha1_base64="g4F/GFuo4OuhvsELvcLIX8kNOIg="></latexit><latexit sha1_base64="g4F/GFuo4OuhvsELvcLIX8kNOIg="></latexit>

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

Z†
<latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit><latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit><latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit><latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit>

Example 2

c < 0
<latexit sha1_base64="WGWq4w+qrzAetrFURkgrsficUDQ="></latexit><latexit sha1_base64="WGWq4w+qrzAetrFURkgrsficUDQ="></latexit><latexit sha1_base64="WGWq4w+qrzAetrFURkgrsficUDQ="></latexit><latexit sha1_base64="WGWq4w+qrzAetrFURkgrsficUDQ="></latexit>

W =
�

2
XY 2 +mY Z

<latexit sha1_base64="wwCPBVixZFpT+MUOhc6O3fRK4lQ="></latexit><latexit sha1_base64="wwCPBVixZFpT+MUOhc6O3fRK4lQ="></latexit><latexit sha1_base64="wwCPBVixZFpT+MUOhc6O3fRK4lQ="></latexit><latexit sha1_base64="wwCPBVixZFpT+MUOhc6O3fRK4lQ="></latexit>

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

X†
<latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit> Y

<latexit sha1_base64="SKoXEaXIH8qn+fDvZ3GuTeKoUjs="></latexit><latexit sha1_base64="SKoXEaXIH8qn+fDvZ3GuTeKoUjs="></latexit><latexit sha1_base64="SKoXEaXIH8qn+fDvZ3GuTeKoUjs="></latexit><latexit sha1_base64="SKoXEaXIH8qn+fDvZ3GuTeKoUjs="></latexit>

Y †
<latexit sha1_base64="iQBUSisRF56995zmuERaoQUzWwA="></latexit><latexit sha1_base64="iQBUSisRF56995zmuERaoQUzWwA="></latexit><latexit sha1_base64="iQBUSisRF56995zmuERaoQUzWwA="></latexit><latexit sha1_base64="iQBUSisRF56995zmuERaoQUzWwA="></latexit> X

<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

X†
<latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit>

… c > 0
<latexit sha1_base64="EKAJrxjJp3JUVZV4VFRECT6nrJg="></latexit><latexit sha1_base64="EKAJrxjJp3JUVZV4VFRECT6nrJg="></latexit><latexit sha1_base64="EKAJrxjJp3JUVZV4VFRECT6nrJg="></latexit><latexit sha1_base64="EKAJrxjJp3JUVZV4VFRECT6nrJg="></latexit>

Example 3

(gauge theory)
X

<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

X†
<latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit>

V
<latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit>

But the large s part non-negligible!

Z†
<latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit><latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit><latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit><latexit sha1_base64="bFiFWZfZyFj1SqXFzsNFhD/UhlY="></latexit>

Z
<latexit sha1_base64="92X6Uk0XL/hCH9ySprZyKfkQ5Ww="></latexit><latexit sha1_base64="92X6Uk0XL/hCH9ySprZyKfkQ5Ww="></latexit><latexit sha1_base64="92X6Uk0XL/hCH9ySprZyKfkQ5Ww="></latexit><latexit sha1_base64="92X6Uk0XL/hCH9ySprZyKfkQ5Ww="></latexit>



K = X†X � c

4⇤2
(X†X)2

<latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit><latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit><latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit><latexit sha1_base64="Z7N/G/RA7zQ63zvNwembpMC9pqs="></latexit>

K = X†e�2V X +m2V 2
<latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit><latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit><latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit><latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit>

f =
1

4g2
W↵W↵

<latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit><latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit><latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit><latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit>



K = X†e�2V X +m2V 2
<latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit><latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit><latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit><latexit sha1_base64="y1jrWVotLMx7ngs8ISGrwyS6nSY="></latexit>

f =
1

4g2
W↵W↵

<latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit><latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit><latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit><latexit sha1_base64="oo4G7AofyFRnqWugzmooWsC2J2k="></latexit>

Ke↵ = X†X � g2

m2
(X†X)2 + · · ·

<latexit sha1_base64="YTCncT/n/vTGfYSQfpWXgUVfIFA="></latexit><latexit sha1_base64="YTCncT/n/vTGfYSQfpWXgUVfIFA="></latexit><latexit sha1_base64="YTCncT/n/vTGfYSQfpWXgUVfIFA="></latexit><latexit sha1_base64="YTCncT/n/vTGfYSQfpWXgUVfIFA="></latexit>

We↵ = 0
<latexit sha1_base64="NUtQ/6uRpR0fOuH+jpxVwljoQ+Q="></latexit><latexit sha1_base64="NUtQ/6uRpR0fOuH+jpxVwljoQ+Q="></latexit><latexit sha1_base64="NUtQ/6uRpR0fOuH+jpxVwljoQ+Q="></latexit><latexit sha1_base64="NUtQ/6uRpR0fOuH+jpxVwljoQ+Q="></latexit>

X
<latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit><latexit sha1_base64="IznEHNkywC0WX9DulYFWqGhdl4s="></latexit>

X†
<latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit><latexit sha1_base64="cB6gF0364Ng/laj2TxRrjkH5nPU="></latexit>

V
<latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit>

Note: the large s part  
is non-negligible!
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Large N SUSY QCD

K =Tr(M†M)� c

4⇤2
Tr(M†MM†M)

<latexit sha1_base64="p0iK5bEQWd0Q9AHWcB4BnSeCKqo="></latexit><latexit sha1_base64="p0iK5bEQWd0Q9AHWcB4BnSeCKqo="></latexit><latexit sha1_base64="p0iK5bEQWd0Q9AHWcB4BnSeCKqo="></latexit><latexit sha1_base64="p0iK5bEQWd0Q9AHWcB4BnSeCKqo="></latexit>

Low energy description

Meson chiral superfields

M =
p
2MaT a +

1p
Nf

M0 · 1, (a = 1, · · · , N2
f � 1)

<latexit sha1_base64="mlV1rubFJF8o76ojzZiyrGoTy7Q="></latexit><latexit sha1_base64="mlV1rubFJF8o76ojzZiyrGoTy7Q="></latexit><latexit sha1_base64="mlV1rubFJF8o76ojzZiyrGoTy7Q="></latexit><latexit sha1_base64="mlV1rubFJF8o76ojzZiyrGoTy7Q="></latexit>

Consider the scattering process MaM0c ! MaM0c
<latexit sha1_base64="vefkoFftA7cvjIfpLvvWbQGot7I="></latexit><latexit sha1_base64="vefkoFftA7cvjIfpLvvWbQGot7I="></latexit><latexit sha1_base64="vefkoFftA7cvjIfpLvvWbQGot7I="></latexit><latexit sha1_base64="vefkoFftA7cvjIfpLvvWbQGot7I="></latexit>

A(a0)
MM†(s, t) =

c

⇤2
(s+ t) + · · ·

<latexit sha1_base64="mfYR0EPYiduQDBRkHP91HiYuoHM="></latexit><latexit sha1_base64="mfYR0EPYiduQDBRkHP91HiYuoHM="></latexit><latexit sha1_base64="mfYR0EPYiduQDBRkHP91HiYuoHM="></latexit><latexit sha1_base64="mfYR0EPYiduQDBRkHP91HiYuoHM="></latexit>



No u-channel process
The leading diagram in 1/N is a disk.

M

M

M †

M †

Q

Q̄

Q̄

Q

The unique disk diagram consistent with chirality:

No u-channel process at this order!

(+ large s part)
c

⇤2
=

1

⇡

Z 1

0
ds

✓
�MM†(s)

s
� �MM (s)

s

◆

<latexit sha1_base64="Nbkn/BOR9gaK1sdZl9Ism4isK0A="></latexit><latexit sha1_base64="Nbkn/BOR9gaK1sdZl9Ism4isK0A="></latexit><latexit sha1_base64="Nbkn/BOR9gaK1sdZl9Ism4isK0A="></latexit><latexit sha1_base64="Nbkn/BOR9gaK1sdZl9Ism4isK0A="></latexit>

V
<latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit><latexit sha1_base64="OIrPh2TUVEk22bQjN1DEJ+2UI1E="></latexit>

M
<latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit><latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit><latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit><latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit>

M
<latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit><latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit><latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit><latexit sha1_base64="RVQ7J+oucPSsjcuxcY6j9EmNIF8="></latexit>M†

<latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit><latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit><latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit><latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit>

M†
<latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit><latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit><latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit><latexit sha1_base64="89FY6GPmfti5G16MsLmJqH1rtEU="></latexit>

s- or t-channel exchanges of 

massive vector (real) mesons



Large s doesn’t contribute
Consider a sufficiently negative t=t0, and argue that the limit t → 0 is smooth.

ĉ(t)

⇤2
⌘ d

ds
A(a0)

MM†(s, t)

����
s=0

=
1

2⇡i

Z

C
ds

A(a0)
MM†(s, t)

s2
<latexit sha1_base64="2mfj6HXyZMerJ4y+wplj8GarIkU="></latexit><latexit sha1_base64="2mfj6HXyZMerJ4y+wplj8GarIkU="></latexit><latexit sha1_base64="2mfj6HXyZMerJ4y+wplj8GarIkU="></latexit><latexit sha1_base64="2mfj6HXyZMerJ4y+wplj8GarIkU="></latexit>
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The convergence radius of this series must be larger than |t0|


because of the absence of t-channel massless/tachyonic singularity.
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Consider scattering of bifundamentals.

Intersecting D-brane models
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U(M) adjoint
U(N) adjoint

bifundamental “X”

XXc ! XXc
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At the leading order of string coupling gs,


there are only poles in s-channel (as well as in t-channel).  No u-channel poles.

The amplitude is of the form:

AXX†(s, t) = gsl
2
s (s+ t)

Z 1

0
dx x

�1�l2s s(1� x)�1�l2s t
G(x)
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We can explicitly check that the large s contribution is zero

for [I. R. Klebanov and E. Witten, hep-th/0304079]

[I. Antoniadis, K. Benakli, and A. Laugier, hep-th/0011281]
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結論

• (SUSY) EFT の係数の符号は、 
Feynman diagram を計算しなくても分かる！ 

• SUSY breaking 模型や SUSY インフレーション模型で 
係数の符号を選ぶと、UV 理論をある程度指定している事になる。

江間、北野、寺田, “Unitarity constraint on the Kähler curvature”, arXiv:1807.06940 [hep-th]


