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Nontrivial constraints on EFT
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Causality constraint

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

ex.) Lagrangian of a NG boson

1 C
Ez—iﬁ“ﬂﬁuﬂ I A4

(070, )% + -

On a non-trivial background: (0, m) = C),

w2:(1_£(00_5.;§)2>k2 M

A4 ,
-

Forbidding superluminal propagation, C > O



Unitarity
ImA(s,0) = so(s)

Analyticity
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Unitarity constraint

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

Scattering amplitude

A(s, 1) = ﬁ(& 12 ) ote: = —5 1

Consider an integral / \\L
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Crossing symmetry

A(—s,0) = A®(s,0)

26 1 ©.@) S Cross S
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A ™ Jo S S Optical theorem
Im A(s,0) = so(s)







Stability of SUSY breaking vacuum

K=X'X XTX)?

4./\2 (
W = pu’X

L= (1 _ FXTX) X9, X —V

V=it X



Curvature of inflation potential

pgonal to the trajectory:

Stability of inflation

c >0 Stable

Along the trajectory: | 10 c <0 Unstable

Spectral index



[Planck 2018 results. X. Constraints on inflation]
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[K. Kumekawa, T. Moroi, and T. Yanagida, hep-ph/9405337]

[K. I. Izawa and T. Yanagida, hep-ph/9608359]
[K. I. Izawa, hep-ph/0305286 ]



[86 L 7090/Ud-day ‘iyeys 'O pue ‘Bury 4 'S ‘|IH-oisiseg ‘]
[61£90%6/4d-day Usjoryos "M "H pue ‘lJeys "o ‘llerd 'd ‘9]

= 4 )

[Planck 2018 results. X. Constraints on inflation]
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[K. Kumekawa, T. Moroi, and T. Yanagida, hep-ph/9405337]
[K. I. Izawa and T. Yanagida, hep-ph/9608359]

[K. I. Izawa, hep-ph/0305286 |
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i85 Y, Z % integrate out L TH O A EFT O c Off5 2% A &,

UF ORRC,
K=X'X+Y'Y+Z2'Z

)
W=2XY+mYZ

)
K=Xx'x 4/(;2 (XTX)?




R 1

i85 Y, Z % integrate out L TH O A EFT O c Off5 2% A &,

UF ORRC,
K=X'X+Y'Y+Z2'Z

)
W=2XY+mYZ

2
A7
4m?

Keg = XX A (XTX)2 4.

Weff —
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i85 Y, Z % integrate out L TH O A EFT O c Off5 2% A &,

UF ORRC,
K=X'X+Y'Y+Z2'Z

A
wu:§XY2 mY Z

v

C
K=XTX XTX)2
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i85 Y, Z % integrate out L TH O A EFT O c Off5 2% A &,

UF ORRC,
K=X'X+Y'Y+Z2'Z

A
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Unitarity & Analyticity

>
Scatteri litud 1 3
catiering ampliituae X \ / X
C

Axxi(st) = 55(s+1) + -

Consider an integral XC2 / \ 4X
1 Axxi(s,0) f \\
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Crossing symmetry

_ l /OO g (O-XXT (8) UXX(S)) A(—S,O) :ACI'OSS(S’O)
0

Optical theorem

Im A(s,0) = so(s)
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Unitarity & Analyticity

C
A2 T S S

1 ©.@)
— —/ ds (OXXT(S) OXX(S)) (+ large s part)
0)

Time Time

N\ "N

Anything VS Anything

/

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]]
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Unitarity & Analyticity

1 ©.@)
— —/ ds <OXXT(S) OXX(S)) (+ large s part)
0)

C
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Example 1

X
W= 2 X%V 4 mY 7 — 71 ¢ <0
2 X

Example 2 X
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i85 V % integrate out LT O A EFT O c OFff5%2E A &,
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K =X"e2VX + m2v?
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f=-—WW,
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C
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i85 V % integrate out LT O A EFT O c OFff5%2E A &,

Ll

LT OBARIT,

K =X"e2VX + m2v?

1
= ﬁWaWa X
g }v
bl
@ Note: the large s part
IS non-negligible!
2
Ker = X1X — L (XTx)2 ...

m
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Low energy description

C

K =Tr(M™M) m

~Tr(MTMM'M)
Meson chiral superfields

1
M=voMeT*+ —M°-1, (a=1,---,N?—-1

Consider the scattering process M®MY% —s M*MO°¢

a0 C
A (5) = s+



The leading diagram in 1/N is a disk.

The unique disk diagram consistent with chirality:

M M1
\ V / s- or t-channel exchanges of
MT/ \ M massive vec tor (real) mesons

No u-channel process at this order!
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Consider a sufficiently negative t=to, and argue that the limit t = 0 is smooth.

a0
L A ()

— 5
0 27 Jo S

o e(t) _d (a0
Define: FEEASW\)N(SJ)
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Consider a sufficiently negative t=to, and argue that the limit t = 0 is smooth.

N g(aO)
Define: — = — A = —

Asymptotic Freedom — Quark Counting Rule for fixed-angle scattering
(large s (>0) with s/t (<0) fixed)
A(s,t) ~ 572

— large s part does not contribute.

(A smooth transition b/w fixed t and fixed s/t is assumed.)



Consider a sufficiently negative t=to, and argue that the limit t = 0 is smooth.

N g(aO)
Define: — = — A = —

Asymptotic Freedom — Quark Counting Rule for fixed-angle scattering
(large s (>0) with s/t (<0) fixed)

—2
A(S7 t) ~ S (A smooth transition b/w fixed t and fixed s/t is assumed.)
— large s part does not contribute.
ImA(s,t) = S to)(t — to)¥
¢(t) 1 [~ ImA(s,t) > ) mA(s, ) ,;)ak(s’ 0){t = to)
A =g A8 = 2 alto)(t—to) -
0

The convergence radius of this series must be larger than |t

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



Open string amplitudes



Open string amplitudes

Intersecting D-brane models bifundamental “X”

e M D-branes

Consider scattering of bifundamentals.

~ .
XX°¢ 5 XX© U(N) adioint J(M) adjoint

N D-branes



Open string amplitudes

Intersecting D-brane models bifundamental “X”

- M D-branes

\/
UMW) adjoint

Consider scattering of bifundamentals.
XX —= XX° U(N) adjoint

At the leading order of string coupling gs, N D-branes

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



Open string amplitudes

Intersecting D-brane models bifundamental “X”

‘/ M D-branes

\/
UMW) adjoint

Consider scattering of bifundamentals.
XX —= XX° U(N) adjoint

At the leading order of string coupling gs, N D-branes

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

The amplitude is of the form: X x x X1

1
Axxi(s,t) = gSlSZ(s + 1) / dx x_l_lgs(l — x)—l—lftg(x) XX XX
0

conformal transform

We can explicitly check that the large s contribution is zero 5 OO

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

[l. Antoniadis, K. Benakli, and A. Laugier, hep-th/0011281] X X X
0 = 1



Open string amplitudes




Summary & Conclusion
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. RTT 6 DIEDOFRBMOFTFETZ. FICSUSYDXAR TN,

K=X'x - 4_22(XTX)2 cf) SUSYZBZEZDREME, 1> 7L—yavDFE

. RO TEEITERENICIERESIEL,
s/u-channel DE<TIE c IF1E/8, EREBSHEE,
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. Large N B #iSU(N) T —VIBBDEITRI)LF— EFT
XY v OIEFRELZ(T/N)EEZEDREILE, (c>0)
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. (SUSY) EFT DR DTS .
Feynman diagram Z5t8 UG THIH S |

. SUSY breaking RS SUSY 4 v 7 L—Y g VERIT
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JLE. dt¥F. 3FH, “Unitarity constraint on the Kahler curvature”, arXiv:1807.06940 [hep-th]



