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“The effects of coating culture dishes with collagen on fibroblast cell shape
and swirling pattern formation,” Journal of Biological Physics (2020)
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Positivity Bounds (1/9) E

+ Positivity bounds can apply for dim-8 operators  [FFFFI-Dims
In tree-level < Froissart Bound (<=Analyticity, etc.)

- Dim-8 operators are more suppressed by A than lower
dimensional ones, however, for dim-8 aQGC operators,
LHC experimentalists have been and currently working on

[ ] [ ]
constraining them CMS-PAS-SMP-18-001
—~ O (BT) 35917 (13TeV)
b Fems | T eeectediess 1 X [ cms. — - Expected 68%CL
> ool Sty ToEmemeerer 1 o 10| Felmmay - EoecledosnCl ]
o - e C t - |
= T —— Observe j— r —_—
s T b N ]
<t R e N N .
=10 S @& o RN i
<= 4 —— T T~ \ 1 0+ o\ | NN R
AN Y% NN Y [\ AN ]
r/oy / \ h 0 \ N\
L/ 1/ ) N F RN \ ]
o7t / L AN VALY
i s i AN N\
[ [ s SS ] NS \ \
RS \ 2 7] F N ) L
NN~ ] -S0p SO T
10 [ ]
o ~——— - ] ::"/ / ]
L I ] 00 T

50 0 50
fso/A* (TeV)

* In the future, more dim-8 effects may become accessible

(e.g. new observable proposed for DY process:

Alioli, Boughezal, Mereghetti, Petriello, Phys. Lett. B 809, 135703 (2020),
X. Li, K. Mimasu, KY, C. Yang, C. Zhang, S. Y. Zhou, JHEP10(2022)107)

0 10
fu /A" (TeV?)



Positivity Bounds (2/9)

Positivity bounds are important as they offer complementary

bounds to the experiments

Q. Bi, C. Zhang, S.-Y. Zhou JHEP 1906 (2019) 137

E.g. WZjj (CMS-PAS-SMP-18-001)

Os1 = [(D,®)'D+®][(D,®)" D" ®]

Ona = Te[W,, W¥P][(Ds®)! D*d]

— — 35817 (13TeV) 35.9 o' (13 TeV)
<t - | T — T T T
! . CMS : — — Expected 68% CL < - ' l o . .
D 00F M SRS = ool Frminay e
: - % P— = cted:99%
E’ ~ Observed 95% CL t - O)t()%?ervee d 95 CL |
< s =
i . < N
= L\ \
Lo : \
A\ i
. ]
N - /_
/ /A
\\ Ay
} ......... ‘ ........ | //
/ i S R / ....................... —
- - [ il 1 I T | ! 1 L1
-50 . . 5_IQ w -10 \ 0 10 y
A (TeV”
so/ A" (TeVT) ", /A (TeV?)

Allowed

Os,0 = [(D.®)' D, ®][(D"®)T DV @]

Opr.0 = TX[W,, Wr][(Dz®)t DA ®)

Positivity restricts the directions in which SM deviation is possible
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Positivity Bounds (3/9)
- Effective Theory Forward Amplitude (IR):

Ref: Slides by Francesco Riva

For D>=8 Wilson Coefficients2 . Dim-12 A
S S
M:OO_l_ClW @ 176 | 8_|_
Dim-8
M -E behaviors completion:
Lorentz invariance
Cy > 0, Unitarity
Cy>0,--- Causality

Positivit


https://indico.ph.tum.de/event/4408/contributions/3825/attachments/3292/3974/Berlin-2.pdf
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Positivity Bounds (4/9)
S 82 83 84
MZCO"‘ClMQ | M4—|-03M6 |C4M8 R
>0
massless scalar 2-2 forward elastic scattering:
forward: t=0
& ¢
ﬁﬁ? ¢
|+ — [+
elastic

Let us consider the amplitude of this: M(Sa O)
3
S




Positivity Bounds (5/9)

Forward limit positivity bounds are from:

1. Lorentz Invariance

2. Unitarity = Optical theorem:
e.g., elastic case,

ImM(kl, kg — kl, k2) — SO-tOt(kly ]62 — anything)

1. Analyticity* = Froissart Bound: Positive

IM(s,cosf = 1)| < Const. s(In s)*
forward Froissart, Martin 1960’s
(for real s> )

*Analyticity of the amplitude besides poles and branch cuts on real axis
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Positivity Bounds (6/9)
massless scalar 2-2 forward elastic scattering amplitude:

M(s,0)

Froissart
Bound




Positivity Bounds (7/9)




Positivity Bounds (8/9)

uv ng W

1 ©.@)
— ds (M (s +1€,0) — M(s —1€,0)) /s° = (2I)|m M(s,0)
211 J g ( ( ) ( )) / = (2i)s O1(S)

00 111)

ds (M(—s —i€,0) — M(—s + i€, 0)) /s°
crossing sym. | | s+tt+u =0 & t=0

1. Crossing Symmetry: M(s,0)=M(u,0) =M(-s,0),

2. Schwarz reflection principle: M(s*,0)=M(s,0)*

3. Optical theorem: Im M(s,0) = s 0(S)

= g/ dsSUtOt(s) > ()

T JM 83

_|_

27'('7/ M




Positivity Bounds (9/9)
IR

1 dsM(s’ 0)

271 s3

=,

S | 82 8\3 | S |
M:CO‘I‘ClMQ I%+CBM6 |C4M8 o

1/(2111)[Mr/s3 (=Co/M#)...IR

=1/(2mi)M\/s3 >0 ...UV

> C,>0 ...IR

M(S’ O) Mm(s)




