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Positivity bounds : sign constraints on amplitudes
[Adams, Arkani-Hamed, Dubovsky, Nicolis, Rattazzi, 06]

Ingredients :

analyticity

- polynomial boundedness 2 p
(Froissart bound)
- crossing symmetry e O
wsi
- unitarity
2 A(s') At small s : computed intnecHsu
A(s) = / YRR >0 bound on EFT coefficients
c 2mi(s’ — s)

[see papers of the authors, Remmen/Rodd, de Rham/Tolley/Zhou, Zhang/Wang...]
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How to go further (in smple scalar models)?

i [1 s ImA(s') : /:OO ImA(s)

. 2mi(s’ — 4m? + s)3 2mi(s’ — s)3

m2—s

_I_*

T TmA(s”
Beyond residues : /8i 27;?8, (_82)3 > ()

2 Tl Al
Integrands are positive /
ntegra pOSitiv /8 27Ti(8’—8)3f(8)>0

_|_
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New quantities : arcs

4 S
_ 1 , Als') .
()= o [ T
B i dS/ A(S/)
AW/ C’(s) S/2n+3
g I A(s”)
S ;/s ds S/2n—|—3

Positive, and computable at small s in the EFT, for
the same reasons at before
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More RO TmA(s') /
bounds : omi(s’ — 3)2n+32 (s") >0
- s\ 2k
T = i f(s’):1—(§)

8’2

| du(z) = d:ImA (i>

/0 di(z)z™ (1 —z%) =0
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Positive
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More Y ImA(s) /
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More RO TmA(s') /
bounds : omi(s’ — S)Zn—|—32 (s") >0
- S ; s\ 2k
st £ =1-(3)

d

| du(x) = :ImA x
/Old,u(x)x”(llu ) > 0 (f>

\/

Positive

\/ 1
J

the arcs define the moments of the measure a,,

\ /

yields an inequality on the arcs/moments :
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More Y ImA(s) /
bounds : 27i(s — 8)2n—|—32 (s") >0
- S ; s\ 2k
st f&=1-(3)

d

| du(x) = :ImA x
/Old,u(x)x”(llu ) > 0 <f)

\/

Positive

\/ 1
J

the arcs define the moments of the measure a,,

\ /

yields an inequality on the arcs/moments :

du(x)x

(—1)FA*q, >0 with  Aay, = san—1 — an

S — —

Largest set of inequalities on the moments
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BT AG, >0 with Aty = s°0n_1 — an

What about the projection on low=-energy arcs?

/O dp(x)p(z) > 0

> 0

p(z) = ¢ (x) + 2¢3(x) + (1 — 2)g5(x) + +2(1 — 2)qz(z)

1
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(Hy)ij = Gitje HY =0, Hy -0
i,j <|(N—-1)/2] Hyx_1—s"Hy =0, Hy_; —s*Hy =0

Non-linear, s-dependent bounds (more and more
stringent when s grows)
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At tree-level
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(HN)ij = Gitje HY =0, Hy -0
i,j < (N =1)/2) Hy ,—s"Hy>0 I,\H}V_l —s"Hy =0
At tree-level s-independent
1 A(S/) bounds
()= 5 | Sl
C(S) s A, — CZ’I’L—|—2

.A(S) = Eim 6282 aF 6484...

s-dependent bounds :

C
upper bounds on the cutoff Ex: s? :

max<%

- 2
bounds on « soft » theories Ex: cg > s°¢c4
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(Hy)ij = Givjri Hy =0, Hy =0
i,j<|(N—=1)/2| HYy ,—s"Hy>=0,Hyx ;—s*Hx =0

Tree-level UV completion

2 |
dup(x) s a sum

ImA(s) = — Zg,ﬁM,f(S(s S — ulz) B

- of deltas at x IVE

= k



[2011.00037(+ 2011.02400+Arkani-Hamed/Huang (20XX?))]

(Hy)ij = Givjri Hy =0, Hy =0
i,j<|(N—=1)/2| HYy ,—s"Hy>=0,Hyx ;—s*Hx =0

Tree-level UV completion

P |
dul(x)1s a sum
s — fE GeMi(s — ME) = ul) s
D2 . of deltas A= Ve
= i

With enough arcs, one reconstructs the full UV theory :
- number of particles from det(Hyp) =0
B etoum from det(H.p , — s°Hop_ 1) =0

)
9k
4dn—+4
M n

- couplings from a,, = Z
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(Hy)ij = Givjri Hy =0, Hy =0
i,j<|(N-1)/2] Hy ,—s’Hy>0,Hy | —s"Hyg >0

Loops in the EFT o= + 254+93[3+ (Bt /3’(41(,%8 D)+
L g ) a4 e 2(/36+6b<210w D)+,
an(s) = — S s 5 B
C(s) . L YRR 29

A(s)=co5” + 5% [ca+ Py log(—is)] — ims® By /2
+5Y [06 + Bg log(—is) + B¢ logQ(—is)] + 0(37)
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(Hy)ij = Givjri Hy =0, Hy =0
i,j<|(N—=1)/2| HYy ,—s"Hy>=0,Hyx ;—s*Hx =0

Loops in the EFT o=+ 254+53[3 L8 (56 % (41085 1)+

2

5(56 + B(2log s — 1)) T

+ce(s) + - (29)

A(s)=co5” + 54@—64 log(—ED— ims® By /2

+° [c(; + Bg log(—is) + B 10g2(—i3)] +0(s")
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BN i) = 0o
i,j <|(N=1)/2] Hy_

Loops in the EFT ao=cs +§54+§55+§(56+%é(410gs—1))_|_...,
92
a (S) — 1 855+t§(/36+ﬁé(210g3—1))_|_...,
)l = =

A(s)=co8” + J6g(—is)| — ims® By /2
) + B¢ 10g2(—is)] +O(s")

New s-dependence
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BN i) = 0o
i,j <|(N=1)/2] Hy_

2 8‘3 /

do=cs+ 5 ut g Bst (56 +20 (4log s—1)) 4+

Loops in the EFT

Running effects dominate
the IR

Ba

ag — c2, a1 — Palogs, ap>2— — —

New s-dependence (2n — 2)s2n 2
and enter the bounds
B4

ca(s) — cg(s)s* > 5



[2011.00037(+ 2011.02400+Arkani-Hamed/Huang (20XX?))]

s = HY =0, Hy >0
i,j<|(N—=1)/2| HY_ /s°Hy>=0,Hyx ;—s*Hx =0

82 83 84 ,Bé
ap=C2 +§54+§5+Z(56+?(410g3_1)) Tt
2

(/36+,3é(210g3— 1)) EER

Loops in the EFT

(29)

A(S): CoS™ + . .
+58 [ + 7)) +0(s7) Running effects dominate
the IR
ap — Co a1 — Pylogs Ap>9 — — Pa
’ » Tn22 (2n — 2)s2n—2

New s-dependence

and enter the bounds
Strong corrections from soft theories ¢ ) By

Still forbidden ca(s) —ce(s)s™ > ——



TAKE AWAY

:‘

New quantities at finite s : arcs
1 A(s’)
an(s) = — /C(S) ds’ $/2n+3

Most general bounds on arcs from the theory of moments :
s-dependence, hon-linearity

At tree-=level : bounds on the Wilson coefficients and on the
EFT cutoff. UV Info for weakly-coupled UV theories

At loop-level : quantum effects enter and sometimes dominate
the bounds, the naive ones on Wilson coefficients can be violated.
All bounds are s-dependent, they still rule out soft theories.



