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Characterization of hadrons

• Couplings to hadronic decay channels

• Couplings to electroweak currents
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.

[PRD 88, 094505 (2013)]
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.

[PRD 88, 094505 (2013)]
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Structure of resonances

✦Magnetic Moment of 𝛥 dominated by model unc.

[PRC 64, 065202 (2001), PRL 89, 272001 (2002)]


✦Beam spin asymmetry ep scattering.

[PRD 96, 113010 (2017)]

✦Chiral EFT calculation of 𝜌 FFs. 

[PL B 730, 115–121 (2014)]


✦Lattice calculations

[PRD 91, 114501 (2015), PRD 75, 094504 (2007)]


✦From e+e− BaBar data.

[Int. J. Mod. Phys. A 30, 1550114 (2015)]
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 Transition amplitudes with multi-hadron states

[PRD103 11, 114512 (2021)] FO, etal [PRD105 11, 11 (2022)] FO, etal.
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On-shell decomposition of amplitudes

Example: two-to-two scattering
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<latexit sha1_base64="4mMAlMzIPV0rcRiavM8EKfXQy2s="></latexit>

iM(p0, p) = iK0(p
0, p) +

Z
d4k

(2⇡)4
iM(p0, k)i�1(k)i�2(P � k)iK0(k, p)

<latexit sha1_base64="XFPMm6MQq+lTrTqBzaUJxM9RwKE="></latexit>=
<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+
<latexit sha1_base64="wxG4coID8wsW/h0ms4pzwDmIn/w="></latexit>

j
<latexit sha1_base64="A1xaMCe9UkJ1dca00dx1KjNZVfY="></latexit>

j + 1
<latexit sha1_base64="wxG4coID8wsW/h0ms4pzwDmIn/w="></latexit>

j

<latexit sha1_base64="AIRX9RaSvcg07kGCZFSAqHGp8AI="></latexit>⇢

Non-analytic contributions:

<latexit sha1_base64="4c5bCiTyU02NYGUA8ncVWVYRui0="></latexit>

p0

<latexit sha1_base64="6q0q7koYdiaT6HsweGHltog6zUI="></latexit>

P � p0
<latexit sha1_base64="FRbR39i9zM6Nu2mx/y3+WF17a4s="></latexit>

P � p

<latexit sha1_base64="mJbCBRT24v+cWIhgsw8MT57COhU="></latexit>p

<latexit sha1_base64="SeKBdAEVtIOC9KEIvAqfnwdsIl4="></latexit>

⇢ /
p
s� sth

 INT-20R-2C - Seattle, WA	 	 	 	 	 	 	 	 3/24/23



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

6

On-shell decomposition of amplitudes

Example: two-to-two scattering

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> +

<latexit sha1_base64="J7MWEqcNECz6lMThPu8L1TRGygI="></latexit>

iM = iK 1

1� i⇢K

K-matrix parametrization

• Short-distance physics parameterized 

by a real function.

• Respects unitarity and analyticity.

<latexit sha1_base64="HyADqYw/L004e709DCnijXM5xJs="></latexit>

iM(p0, p) =
1X

j=0

iKj(p
0, p) +

X

`,m`

iM`m`(p
0) ⇢

1X

j=0

iKj,`m`(p) ,

⌘ iK(p0, p) +
X

`,m`

iM`m`(p
0) ⇢ iK`m`(p)
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

7

On-shell decomposition


Single hadron current insertion

• Long range contributions 

<latexit sha1_base64="FhtFFTYe/fkIIQO3t1usHkz+Q48=">AAACJHicbVDLSsNAFJ3UV62vaJduBktBEEpSfC2LbsRVBfuAJpTJZNIOnUzCzEQIod/iTvRf3IkLN36IKydtFrb1wsDhnPs4c7yYUaks68sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWib6HJGGUk46iipF+LAgKPUZ63uQ213tPREga8UeVxsQN0YjTgGKkNDU0q80zJ0RqjBHL7qfQURFsDs2a1bBmBVeBXYAaKKo9NH8cP8JJSLjCDEk5sK1YuRkSimJGphUnkSRGeIJGZKAhRyGRbjYzP4V1zfgwiIR+XMEZ+3ciQ6GUaejpztyoXNZy8j9tkKjg2s0ojxNFOJ4fChIG9RfzJKBPBcGKpRogLKj2CvEYCYSVzmvhSjxOJcVSryhQpe54EfPzmzosezmaVdBtNuzLxsXDea11U8RWBsfgBJwCG1yBFrgDbdABGKTgGbyCN+PFeDc+jM95a8koZqpgoYzvXwEYpHc=</latexit>

2 + J ! 2

• Triangle diagrams

,

Triangle kinematic singularities 

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + <latexit sha1_base64="MOj8g/8CO+cL6jbxtxvQ5gcYdDI=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIiAWMCyRH2NnPJmr29Y3dPCEd+gY2Fgtj6j+z8N26SKzTxwcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRw86ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN/M/PYTKs1jeW8mCfoRHUoeckaNlZp3/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8StoXVa9W9bxmrVK/zvMowgmcwjl4cAl1uIUGtIABwjO8wpvz6Lw4787HorXg5DPH8AfO5w85fY0J</latexit>

L
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

Triangle diagram

8

<latexit sha1_base64="XFPMm6MQq+lTrTqBzaUJxM9RwKE="></latexit>=
<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+
<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+
<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+
<latexit sha1_base64="bjU+pwcbcuOfsmVOiIIp0CoW9Ag="></latexit>

C
<latexit sha1_base64="QYNpOM+Im1zf9lRPiHI1wWbtv9k="></latexit>

L
<latexit sha1_base64="YiXNq8MianGCKrd3mz3N53cpbEY="></latexit>

R

<latexit sha1_base64="AIRX9RaSvcg07kGCZFSAqHGp8AI="></latexit>⇢ <latexit sha1_base64="AIRX9RaSvcg07kGCZFSAqHGp8AI="></latexit>⇢
<latexit sha1_base64="sbr5DxRiwoBuiyNxxrfHT6+fHrI="></latexit>

k
<latexit sha1_base64="4c5bCiTyU02NYGUA8ncVWVYRui0="></latexit>

p0 <latexit sha1_base64="mJbCBRT24v+cWIhgsw8MT57COhU="></latexit>p

<latexit sha1_base64="UmBme8W19znU7A6I2dM4J7MktC8="></latexit>

Pi � p
<latexit sha1_base64="bEvYsB20Op46Z/0Bv3EPY4JX5Tc=">AAAH3HicfdXbbtMwGABgb8A6ymmDS24iqgluqBo0DpfbKm3dSeq2bt3UlMlxnNbUcTLHKaui3HGHkLhCgqfhNXgbnC5M7e+WSJUs/9/vc2034ixWtdqfhcU7d+8tlZbvlx88fPT4ycrq07M4TCShpyTkoTx3cUw5E/RUMcXpeSQpDlxO2+6gnsfbQypjFoqWGkW0G+CeYD4jWOmqs+al/zp6eblSqVVr488yC3ZRqKDia16uLv </latexit>

Pf � p0

Smooth kernels

Phase space branch cuts

Triangle 
singularities

<latexit sha1_base64="kfNF+cWPlrzJrOc18c6QGYVe8GE="></latexit>

f =
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

9

Triangle singularity analytic structure
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<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

9

Triangle singularity analytic structure

1.90 1.95 2.05 2.10 2.15 2.20 2.25
1.9
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<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>

k

1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Triangle singularity analytic structure
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<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>
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<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

9

Triangle singularity analytic structure
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<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Triangle singularity analytic structure
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<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m

 INT-20R-2C - Seattle, WA	 	 	 	 	 	 	 	 3/24/23



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Triangle singularity analytic structure

1.90 1.95 2.05 2.10 2.15 2.20 2.25
1.9

2.1

2.2

2.3

2.4

2.5

2.6

<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Triangle singularity analytic structure
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<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>
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<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="pcNxGxAxtBCnAZGnCbKekXPvcXA=">AAACLXicbVDLSgMxFM34rPVVdamLYCm4kDIj+FgW3bisYB/QKSWTybShmUlIMmKZzsavcSf6Ly4Eces/uDLTzsK2Hggczn2cm+MJRpW27Q9raXlldW29sFHc3Nre2S3t7TcVjyUmDcwZl20PKcJoRBqaakbaQhIUeoy0vOFNVm89EKkoj+71SJBuiPoRDShG2ki90tHYDZEeeEFST3tJcErTMXSREJI/wrBXKttVewK4SJyclEGOeq/04/ocxyGJNGZIqY5jC91NkNQUM5IW3VgRgfAQ9UnH0AiFRHWTyS9SWDGKDwMuzYs0nKh/JxIUKjUKPdOZnazma5n4X60T6+Cqm9BIxJpEeGoUxAxqDrNIoE8lwZqNDEFYUnMrxAMkEdYmuBkXMRgpipVZkbNixfU48zNPE5YzH80iaZ5VnYvq+Z1drl3nsRXAITgGJ8ABl6AGbkEdNAAGT+AZvII368V6tz6tr2nrkpXPHIAZWN+/LhKpSg==</latexit>

|Pf,i| ⇡ m
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

10

Short range contributions

+ ++

<latexit sha1_base64="XFPMm6MQq+lTrTqBzaUJxM9RwKE="></latexit>=
<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+
<latexit sha1_base64="wxG4coID8wsW/h0ms4pzwDmIn/w="></latexit>

j
<latexit sha1_base64="A1xaMCe9UkJ1dca00dx1KjNZVfY="></latexit>

j + 1
<latexit sha1_base64="wxG4coID8wsW/h0ms4pzwDmIn/w="></latexit>

j

<latexit sha1_base64="AIRX9RaSvcg07kGCZFSAqHGp8AI="></latexit>⇢

<latexit sha1_base64="SeKBdAEVtIOC9KEIvAqfnwdsIl4="></latexit>

⇢ /
p
s� sth

Non-analytic contributions:

On-shell decomposition

<latexit sha1_base64="FhtFFTYe/fkIIQO3t1usHkz+Q48=">AAACJHicbVDLSsNAFJ3UV62vaJduBktBEEpSfC2LbsRVBfuAJpTJZNIOnUzCzEQIod/iTvRf3IkLN36IKydtFrb1wsDhnPs4c7yYUaks68sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWib6HJGGUk46iipF+LAgKPUZ63uQ213tPREga8UeVxsQN0YjTgGKkNDU0q80zJ0RqjBHL7qfQURFsDs2a1bBmBVeBXYAaKKo9NH8cP8JJSLjCDEk5sK1YuRkSimJGphUnkSRGeIJGZKAhRyGRbjYzP4V1zfgwiIR+XMEZ+3ciQ6GUaejpztyoXNZy8j9tkKjg2s0ojxNFOJ4fChIG9RfzJKBPBcGKpRogLKj2CvEYCYSVzmvhSjxOJcVSryhQpe54EfPzmzosezmaVdBtNuzLxsXDea11U8RWBsfgBJwCG1yBFrgDbdABGKTgGbyCN+PFeDc+jM95a8koZqpgoYzvXwEYpHc=</latexit>

2 + J ! 2
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

11

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + + +

+ ++

• Single-hadron matrix element.

• Phase space singularities.

• Short range current insertions: smooth kernel.

• Triangle singularities.

On-shell decomposition

<latexit sha1_base64="FhtFFTYe/fkIIQO3t1usHkz+Q48=">AAACJHicbVDLSsNAFJ3UV62vaJduBktBEEpSfC2LbsRVBfuAJpTJZNIOnUzCzEQIod/iTvRf3IkLN36IKydtFrb1wsDhnPs4c7yYUaks68sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWib6HJGGUk46iipF+LAgKPUZ63uQ213tPREga8UeVxsQN0YjTgGKkNDU0q80zJ0RqjBHL7qfQURFsDs2a1bBmBVeBXYAaKKo9NH8cP8JJSLjCDEk5sK1YuRkSimJGphUnkSRGeIJGZKAhRyGRbjYzP4V1zfgwiIR+XMEZ+3ciQ6GUaejpztyoXNZy8j9tkKjg2s0ojxNFOJ4fChIG9RfzJKBPBcGKpRogLKj2CvEYCYSVzmvhSjxOJcVSryhQpe54EfPzmzosezmaVdBtNuzLxsXDea11U8RWBsfgBJwCG1yBFrgDbdABGKTgGbyCN+PFeDc+jM95a8koZqpgoYzvXwEYpHc=</latexit>

2 + J ! 2
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

12

=

On-shell decomposition


<latexit sha1_base64="Me1prUwC+PtPpeXIb7clrOSx3sk="></latexit>

Wdf = M(A22 + f · G)M

<latexit sha1_base64="5/yVAo7iRsGUG31r/lxE4pAC/tY=">AAACL3icbVDLSgMxFM3UV62vUZeCBEtBUMqM+FoW3bisYB/QKSWTybShmQfJHbEM3fk17kT/RdyIW3/BlZl2FrZ6QuBwzr25N8eNBVdgWe9GYWFxaXmluFpaW9/Y3DK3d5oqSiRlDRqJSLZdopjgIWsAB8HasWQkcAVrucPrzG/dM6l4FN7BKGbdgPRD7nNKQEs9c/8IO8fZwU5AYECJSFvjngPsAVLPH/fMslW1JsB/iZ2TMspR75nfjhfRJGAhUEGU6thWDN2USOBUsHHJSRSLCR2SPutoGpKAqW46+ccYV7TiYT+S+oaAJ+rvjpQESo0CV1dmy6p5LxP/8zoJ+JfdlIdxAiyk00F+IjBEOAsFe1wyCmKkCaGS610xHRBJKOjoZqbEg5HiVOknclaqOG4kvGymDsuej+YvaZ5U7fPq2e1puXaVx1ZEe+gAHSIbXaAaukF11EAUPaIn9IJejWfjzfgwPqelBSPv2UUzML5+AAqjqSk=</latexit>

+ Wdf

<latexit sha1_base64="ZBGJYOlkcvabkYxrcsQzM3d+dGA="></latexit>

MII(s) ⇠ � c2

s� sR

Resonance structure:

<latexit sha1_base64="FhtFFTYe/fkIIQO3t1usHkz+Q48=">AAACJHicbVDLSsNAFJ3UV62vaJduBktBEEpSfC2LbsRVBfuAJpTJZNIOnUzCzEQIod/iTvRf3IkLN36IKydtFrb1wsDhnPs4c7yYUaks68sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWib6HJGGUk46iipF+LAgKPUZ63uQ213tPREga8UeVxsQN0YjTgGKkNDU0q80zJ0RqjBHL7qfQURFsDs2a1bBmBVeBXYAaKKo9NH8cP8JJSLjCDEk5sK1YuRkSimJGphUnkSRGeIJGZKAhRyGRbjYzP4V1zfgwiIR+XMEZ+3ciQ6GUaejpztyoXNZy8j9tkKjg2s0ojxNFOJ4fChIG9RfzJKBPBcGKpRogLKj2CvEYCYSVzmvhSjxOJcVSryhQpe54EfPzmzosezmaVdBtNuzLxsXDea11U8RWBsfgBJwCG1yBFrgDbdABGKTgGbyCN+PFeDc+jM95a8koZqpgoYzvXwEYpHc=</latexit>

2 + J ! 2

<latexit sha1_base64="TM1R6g+rdOAubQRFAE7fmWvtp6U="></latexit>

fR!R(Q
2) = c2

⇥
A22(sR, Q

2, sR) + f(Q2)GII,II(sR, Q
2, sR)

⇤

<latexit sha1_base64="ixfwHPCrQlx/SlINBJtaL43Yrko="></latexit>si, sf ! sR
<latexit sha1_base64="LNrU3IURJpAF2E5ic0c7WH3pZzk="></latexit>

ifR!R

<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+

 INT-20R-2C - Seattle, WA	 	 	 	 	 	 	 	 3/24/23



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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On-shell decomposition


+

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

+ +

+ +

+

<latexit sha1_base64="7bW/OZ3zo6oeRxZIww7ffDAFVwA=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJKUoi6LbsRVBfuAJpTJdNIOnUzCzEQIIVu/ww9wq5/gTtzqF/gbTtos+vDAhcM593LvPV7EqFSW9WOU1tY3NrfK25Wd3b39A/PwqCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb3Kb+90nIiQN+aNKIuIGaMSpTzFSWhqY0L5wAqTGGLH0PoOOCmEdzksDs2rVrCngKrELUgUFWgPz1xmGOA4IV5ghKfu2FSk3RUJRzEhWcWJJIoQnaET6mnIUEOmm008yeKaVIfRDoYsrOFXnJ1IUSJkEnu7MT5TLXi7+5/Vj5V+7KeVRrAjHs0V+zKD+N48FDqkgWLFEE4QF1bdCPEYCYaXDW9gSjRNJscwqOhl7OYdV0qnX7Mta46FRbd4UGZXBCTgF58AGV6AJ7kALtAEGz+AVvIF348X4MD6Nr1lryShmjsECjO8/tw2iNA==</latexit>

1 + J ! 2 + J

<latexit sha1_base64="ZBvoiIGZhyfMvSlaYU93ZPk+DY4="></latexit>

+=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

<latexit sha1_base64="a58X4RlJ+eULzaTbYgtB7SFWw5A="></latexit>

+MB21 +Wdf A21

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

<latexit sha1_base64="oDrGSIlpmFZZPyeFtKCXWTZo4Lo=">AAACJnicbVDLSsNAFJ34rPUVdelmsAhdlaT4WlbduBEq2Ac0IUwm03bo5MHMRAghv+B3+AFu9RPcibhz5284SYPY1gMDh3PunXs4bsSokIbxqS0tr6yurVc2qptb2zu7+t5+V4Qxx6SDQxbyvosEYTQgHUklI/2IE+S7jPTcyXXu9x4IFzQM7mUSEdtHo4AOKUZSSY5et3wkxxix9DZLreK/lBMv+5UvMydtmlnm6DWjYRSAi8QsSQ2UaDv6t+WFOPZJIDFDQgxMI5J2irikmJGsasWCRAhP0IgMFA2QT4SdFgkyeKwUDw5Drl4gYaH+3UiRL0Tiu2oyDyrmvVz8zxvEcnhhpzSIYkkCPD00jBmUIczrgR7lBEuWKIIwpyorxGPEEZaqxJkr0TgRFIusqpox53tYJN1mwzxrnN6d1FpXZUcVcAiOQB2Y4By0wA1ogw7A4BE8gxfwqj1pb9q79jEdXdLKnQMwA+3rB3ryp4c=</latexit>

MA21

<latexit sha1_base64="Me1prUwC+PtPpeXIb7clrOSx3sk="></latexit>

Wdf = M(A22 + f · G)M
<latexit sha1_base64="J7MWEqcNECz6lMThPu8L1TRGygI="></latexit>

iM = iK 1

1� i⇢K

<latexit sha1_base64="KM3mMiwLC3ONra7CPTOP2k/GPZE=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0WoCCUpvpZFN+Kqgn1AE8pkOmmHTiZhZiKE0K3f4Qe41U9wJ271C/wNJ20WfXjgwuGce7n3Hi9iVCrL+jEKK6tr6xvFzdLW9s7unrl/0JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7rN/PYTEZKG/FElEXEDNODUpxgpLfVMWHECpIYYsfR+fDbDoaNCWIOnPbNsVa0J4DKxc1IGORo989fphzgOCFeYISm7thUpN0VCUczIuOTEkkQIj9CAdDXlKCDSTSefjOGJVvrQD4UuruBEnZ1IUSBlEni6MztVLnqZ+J/XjZV/7aaUR7EiHE8X+TGD+sksFtingmDFEk0QFlTfCvEQCYSVDm9uSzRMJMVyXNLJ2Is5LJNWrWpfVi8ezsv1mzyjIjgCx6ACbHAF6uAONEATYPAMXsEbeDdejA/j0/iathaMfOYQzMH4/gO1QKIq</latexit>

(J + J ! 2)
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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On-shell decomposition


<latexit sha1_base64="x8exmrzI217UsFF61BQ9zITydrw=">AAACH3icbVBLTsMwFHT4lvILsGRjqJBYVQnit6xgw7Ig+pGaKHJcp7VqO5HtIEVR15yDA7CFI7BDbHsCroHbBom2jGRp3sx7en4TJowq7Tgja2l5ZXVtvbRR3tza3tm19/abKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYWD27HfeiJS0Vg86iwhPkc9QSOKkTZSYB95jPIgV0Hk6Riq4GFYCL8lDOyKU3UmgIvELUgFFKgH9rfXjXHKidCYIaU6rpNoP0dSU8zIsOyliiQID1CPdAwViBPl55NThvDEKF0YxdI8oeFE/TuRI65UxkPTyZHuq3lvLP7ndVIdXfs5FUmqicDTRVHKoDlznAvsUkmwZpkhCEtq/gpxH0mEtUlvZkvSzxTFalg2ybjzOSyS5lnVvaxe3J9XajdFRiVwCI7BKXDBFaiBO1AHDYDBM3gFb+DderE+rE/ra9q6ZBUzB2AG1ugHVVSjsg==</latexit>

lim
sf!sR

lim
s!sR

<latexit sha1_base64="LNrU3IURJpAF2E5ic0c7WH3pZzk="></latexit>

ifR!R

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

<latexit sha1_base64="ZX6IttODEp/0GJju8ygSB03xk/w=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4sM7PCsuTgB3jVT/AmXv0Uv8DfcJLswSQWNBRV3XR3BTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDv1209UaSbFo0lj6kd4KFjICDZWetD9sF+uuFV3BrRKvJxUIEejX/7pDSRJIioM4VjrrufGxs+wMoxwOin1Ek1jTMZ4SLuWChxR7WezUyfozCoDFEplSxg0U/9OZDjSOo0C2xlhM9LL3lT8z+smJqz5GRNxYqgg80VhwpGRaPo3GjBFieGpJZgoZm9FZIQVJsams7AlHqWaET0p2WS85RxWSeui6l1Xr+4vK/VanlERTuAUzsGDG6jDHTSgCQSG8AKv8OY8O+/Oh/M5by04+cwxLMD5+gVHApbI</latexit>sf

<latexit sha1_base64="3d4DvD54gzuF6C5mRd9iXdz+nVw=">AAAB/XicbVDJSgNBEK2JW4xb1KOXxiB4CjPikmPAi8cEzALJEHo6NUmTnoXuHmEYgh/gVT/Bm3j1W/wCf8NOMgeT+KDg8V4VVfW8WHClbfvbKmxsbm3vFHdLe/sHh0fl45O2ihLJsMUiEcmuRxUKHmJLcy2wG0ukgSew403uZ37nCaXiUfio0xjdgI5C7nNGtZGaalCu2FV7DrJOnJxUIEdjUP7pDyOWBBhqJqhSPceOtZtRqTkTOC31E4UxZRM6wp6hIQ1Qudn80Cm5MMqQ+JE0FWoyV/9OZDRQKg080xlQPVar3kz8z+sl2q+5GQ/jRGPIFov8RBAdkdnXZMglMi1SQyiT3NxK2JhKyrTJZmlLPE4VZ2paMsk4qzmsk/ZV1bmt3jSvK/VanlERzuAcLsGBO6jDAzSgBQwQXuAV3qxn6936sD4XrQUrnzmFJVhfv8Dule8=</latexit>s

<latexit sha1_base64="7bW/OZ3zo6oeRxZIww7ffDAFVwA=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJKUoi6LbsRVBfuAJpTJdNIOnUzCzEQIIVu/ww9wq5/gTtzqF/gbTtos+vDAhcM593LvPV7EqFSW9WOU1tY3NrfK25Wd3b39A/PwqCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb3Kb+90nIiQN+aNKIuIGaMSpTzFSWhqY0L5wAqTGGLH0PoOOCmEdzksDs2rVrCngKrELUgUFWgPz1xmGOA4IV5ghKfu2FSk3RUJRzEhWcWJJIoQnaET6mnIUEOmm008yeKaVIfRDoYsrOFXnJ1IUSJkEnu7MT5TLXi7+5/Vj5V+7KeVRrAjHs0V+zKD+N48FDqkgWLFEE4QF1bdCPEYCYaXDW9gSjRNJscwqOhl7OYdV0qnX7Mta46FRbd4UGZXBCTgF58AGV6AJ7kALtAEGz+AVvIF348X4MD6Nr1lryShmjsECjO8/tw2iNA==</latexit>

1 + J ! 2 + J

• The elastic resonance previously derived is recovered in the 
appropriate limit

• Ward identities sets constraints on the forward limit of 
different kernels.

<latexit sha1_base64="DnD9icfpsYLoM63R45S1w5C4gTg="></latexit>

lim
qf!0

B21(Pf , Pi, qf ) = Q0

 
@

@Pµ
f

+
@

@Pµ
i

!
A⌫

21(Pf , Pi)
<latexit sha1_base64="L0d4k77EfnZBFRk6zUupWleEH/Y="></latexit>qf

<latexit sha1_base64="3OKylyGHfzJQU5kJizphftJFf8k="></latexit>

Pf
<latexit sha1_base64="Up46jzRjcrQObasFvfAAyapXd/8="></latexit>

Pi =<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

<latexit sha1_base64="oDrGSIlpmFZZPyeFtKCXWTZo4Lo=">AAACJnicbVDLSsNAFJ34rPUVdelmsAhdlaT4WlbduBEq2Ac0IUwm03bo5MHMRAghv+B3+AFu9RPcibhz5284SYPY1gMDh3PunXs4bsSokIbxqS0tr6yurVc2qptb2zu7+t5+V4Qxx6SDQxbyvosEYTQgHUklI/2IE+S7jPTcyXXu9x4IFzQM7mUSEdtHo4AOKUZSSY5et3wkxxix9DZLreK/lBMv+5UvMydtmlnm6DWjYRSAi8QsSQ2UaDv6t+WFOPZJIDFDQgxMI5J2irikmJGsasWCRAhP0IgMFA2QT4SdFgkyeKwUDw5Drl4gYaH+3UiRL0Tiu2oyDyrmvVz8zxvEcnhhpzSIYkkCPD00jBmUIczrgR7lBEuWKIIwpyorxGPEEZaqxJkr0TgRFIusqpox53tYJN1mwzxrnN6d1FpXZUcVcAiOQB2Y4By0wA1ogw7A4BE8gxfwqj1pb9q79jEdXdLKnQMwA+3rB3ryp4c=</latexit>

MA21

 INT-20R-2C - Seattle, WA	 	 	 	 	 	 	 	 3/24/23



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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On-shell decomposition

<latexit sha1_base64="uuZA+BOCZY7pPeM6iHqn7rUuP0I="></latexit>

2 + J ! 2 + J

+

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

+ +

+

+

+ …

+

+

+ …+

+ …+

+ + ++

+ + …+

• Square diagram singularities

• Single hadron Compton 
transition in the triangle 
diagram has to be handled 
carefullyWork in progress

e.g. double beta decay
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

• We presented the analytic decomposition of a set of 
transitions amplitudes with multi-hadron states.


• The analytic continuation to the complex energy poles 
of resonances gives access to their form factors.


• These decompositions can also guide the derivation of 
the finite volume formalism to extract them form lattice 
QCD.


• Future work on                       and the inclusion of 
external states with spin.

Summary and outlook

16

<latexit sha1_base64="uuZA+BOCZY7pPeM6iHqn7rUuP0I="></latexit>

2 + J ! 2 + J
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<latexit sha1_base64="EwmSuW9zWWLHC7AdKmju/4bb8EU="></latexit>
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Back up slides



<latexit sha1_base64="370KCJ04B68YzPZtmx0WQZQg19k="></latexit>

18

<latexit sha1_base64="vkV3gz85YoR7qH/OCy2L+A/qhBc="></latexit>

Pf
<latexit sha1_base64="bffAHEmMBszl9jRKXbTexircTE4="></latexit>

Pi

<latexit sha1_base64="wYN5vsEOBVMAFZaX0D1xZPRQY38="></latexit>

k

<latexit sha1_base64="6TdAepPgX7eDvSNFmEr6k2V4fTw=">AAACJHicbVDLSgMxFM3UV62v0S7dBEvBVZkRfGyEogtdVrAP6JSSyWTa0EwyJBlhGPot7kT/xZ24cOOHuDLTzsK2Hggczrk393D8mFGlHefLKq2tb2xulbcrO7t7+wf24VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I15/c5n73iUhFBX/UaUwGERpxGlKMtJGGdjX0cCC0FyE9xohld1N4PbRrTsOZAa4StyA1UKA1tH+8QOAkIlxjhpTqu06sBxmSmmJGphUvUSRGeIJGpG8oRxFRg2wWfgrrRglgKKR5XMOZ+ncjQ5FSaeSbyTykWvZy8T+vn+jwapBRHieacDw/FCYMagHzJmBAJcGapYYgLKnJCvEYSYS16WvhSjxOFcXKfFGwSt3zBQvym6Ysd7maVdI5a7gXjfMHp9a8KWorg2NwAk6BCy5BE9yDFmgDDFLwDF7Bm/VivVsf1ud8tGQVO1WwAOv7Fzw/pSs=</latexit>

f · G =

<latexit sha1_base64="qksPEOHTPTeVq8Kipb6/pjnk/Wk="></latexit>

SingG(Pf , Pi) =
i

32⇡
q

(Pf · Pi)2 � P 2
i P

2
f

"
log

 
1 + z?f + i✏

1� (z?f + i✏)

!
+ log

✓
1 + z?i + i✏

1� (z?i + i✏)

◆#

<latexit sha1_base64="mHTXti/LRxgVPVuJMb4e7uVILIk="></latexit>

D2(ki) =
1

2|P?
i,f |q?f (cos ✓?f � z?f + i✏)

<latexit sha1_base64="xhVyU8SOQlTHHwxzTjkJYtcMoWs="></latexit>

z?f =
Pi · Pf � si

2q?fp
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q
(Pf · Pi)2 � P 2
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<latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit>

E?
f

m
<latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit>
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E?
i /m

<latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit>

E?
f

m
<latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit>
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Pi = [000]
Pf = [001] [�0.05,�✏]
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[+✏,+0.05]

[+0.10,+0.15]
<latexit sha1_base64="cXisMRT51DTukthEjBMxt3Oeykg=">AAACGnicbVDLSsNAFJ3UV62vqks3oaUgCDURUZdFEVxWsA9IYplMJu3QmUyYmQgh9C90J/ov7sStm/6KKydtF7b1wMDh3Me5c/yYEqksa2wUVlbX1jeKm6Wt7Z3dvfL+QVvyRCDcQpxy0fWhxJREuKWIorgbCwyZT3HHH97k9c4TFpLw6EGlMfYY7EckJAgqLTm3PfLoSgXFKeuVq1bdmsBcJvaMVBsV9+R53EibvfKPG3CUMBwpRKGUjm3FysugUARRPCq5icQxREPYx46mEWRYetnk5JFZ00pghlzoFylzov6dyCCTMmW+7mRQDeRiLRf/qzmJCq+8jERxonCEpkZhQk3Fzfz/ZkAERoqmmkAkiL7VRAMoIFI6pTmXeJBKgqReMWOlmutzGuSeOix7MZpl0j6r2xf183ud2jWYogiOQAUcAxtcgga4A03QAghw8ALewLvxanwYn8bXtLVgzGYOwRyM71/AT6SX</latexit>

E?
i /m

<latexit sha1_base64="l7qENIK3OvvRtQESB0LxyzFdtrE=">AAACGnicbVDLSsNAFJ3UV62vqks3g6UgCDURUZdFEVxWsA9IYplMJu3QSSbMTIQQ+gWu3Ylu/BJ34taNH+LGlZO2C9t6YOBw7uPcOV7MqFSm+WUUFhaXlleKq6W19Y3NrfL2TkvyRGDSxJxx0fGQJIxGpKmoYqQTC4JCj5G2N7jM6+17IiTl0a1KY+KGqBfRgGKktGRfdYM7RyokjsJuuWLWzBHgPLEmpFI//H59IJW40S3/OD7HSUgihRmS0rbMWLkZEopiRoYlJ5EkRniAesTWNEIhkW42OnkIq1rxYcCFfpGCI/XvRIZCKdPQ050hUn05W8vF/2p2ooJzN6NRnCgS4bFRkDCoOMz/D30qCFYs1QRhQfWtEPeRQFjplKZc4n4qKZZ6xYSVqo7HmZ976rCs2WjmSeu4Zp3WTm50ahdgjCLYA/vgAFjgDNTBNWiAJsCAg0fwDF6MJ+PNeDc+xq0FYzKzC6ZgfP4CcdGlDA==</latexit>
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Singularities of loop diagrams

Branch cut: square root singularity Triangle diagram: poles in k space
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<latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit>

E?
f

m
<latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit>
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<latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit><latexit sha1_base64="YHXFUh1tYUPW0uhhyQL2aXR8umU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKe6KoMegCB4jmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ysrq1vFDdLW9s7u3vl/YOm1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikY3U7/1xIzlWj3AOGGhJAPFY04JOKlz2+OPXQvEnMleueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzvBr41eD+olK7zuMooiN0jE5RgC5RDd2hOmogijR6Rq/ozQPvxXv3PuatBS+fOUR/4H3+APJIkQU=</latexit>
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f

m
<latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit><latexit sha1_base64="kZYbLgyIfWvYSsnqjS2ouWKZMIM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9FgUwWMF+wFtDJvtpl26m4TdiRBC/CtePCji1R/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzcpWdXtnd2/fPjjs6DhVlLVpLGLVC4hmgkesDRwE6yWKERkI1g0m11O/+8iU5nF0D1nCPElGEQ85JWAk364NQkVofuOHDwMNRBW5LHy77jScGfAycUtSRyVavv01GMY0lSwCKojWfddJwMuJAk4FK6qDVLOE0AkZsb6hEZFMe/ns+AKfGGWIw1iZigDP1N8TOZFaZzIwnZLAWC96U/E/r59CeOnlPEpSYBGdLwpTgSHG0yTwkCtGQWSGEKq4uRXTMTFpgMmrakJwF19eJp2zhus03LvzevOqjKOCjtAxOkUuukBNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sD5/AGIGlTw=</latexit>
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<latexit sha1_base64="cXisMRT51DTukthEjBMxt3Oeykg=">AAACGnicbVDLSsNAFJ3UV62vqks3oaUgCDURUZdFEVxWsA9IYplMJu3QmUyYmQgh9C90J/ov7sStm/6KKydtF7b1wMDh3Me5c/yYEqksa2wUVlbX1jeKm6Wt7Z3dvfL+QVvyRCDcQpxy0fWhxJREuKWIorgbCwyZT3HHH97k9c4TFpLw6EGlMfYY7EckJAgqLTm3PfLoSgXFKeuVq1bdmsBcJvaMVBsV9+R53EibvfKPG3CUMBwpRKGUjm3FysugUARRPCq5icQxREPYx46mEWRYetnk5JFZ00pghlzoFylzov6dyCCTMmW+7mRQDeRiLRf/qzmJCq+8jERxonCEpkZhQk3Fzfz/ZkAERoqmmkAkiL7VRAMoIFI6pTmXeJBKgqReMWOlmutzGuSeOix7MZpl0j6r2xf183ud2jWYogiOQAUcAxtcgga4A03QAghw8ALewLvxanwYn8bXtLVgzGYOwRyM71/AT6SX</latexit>

E?
i /m

<latexit sha1_base64="l7qENIK3OvvRtQESB0LxyzFdtrE=">AAACGnicbVDLSsNAFJ3UV62vqks3g6UgCDURUZdFEVxWsA9IYplMJu3QSSbMTIQQ+gWu3Ylu/BJ34taNH+LGlZO2C9t6YOBw7uPcOV7MqFSm+WUUFhaXlleKq6W19Y3NrfL2TkvyRGDSxJxx0fGQJIxGpKmoYqQTC4JCj5G2N7jM6+17IiTl0a1KY+KGqBfRgGKktGRfdYM7RyokjsJuuWLWzBHgPLEmpFI//H59IJW40S3/OD7HSUgihRmS0rbMWLkZEopiRoYlJ5EkRniAesTWNEIhkW42OnkIq1rxYcCFfpGCI/XvRIZCKdPQ050hUn05W8vF/2p2ooJzN6NRnCgS4bFRkDCoOMz/D30qCFYs1QRhQfWtEPeRQFjplKZc4n4qKZZ6xYSVqo7HmZ976rCs2WjmSeu4Zp3WTm50ahdgjCLYA/vgAFjgDNTBNWiAJsCAg0fwDF6MJ+PNeDc+xq0FYzKzC6ZgfP4CcdGlDA==</latexit>
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Triangle diagram singularities
<latexit sha1_base64="J87lSWra49kHGi0tpQPni4/y8co=">AAACGHicbVDLSgMxFM3UV219VF26CdaCqzIjom6EohuXFexD2qFkMpk2NJkMSaYwDP0Kd6K/4VpwIW7d+SG6cGX6WNjWAxcO59ybe3O8iFGlbfvTyiwtr6yuZddz+Y3Nre3Czm5diVhiUsOCCdn0kCKMhqSmqWakGUmCuMdIw+tfjfzGgEhFRXirk4i4HHVDGlCMtJHuqh16Ue0EpgpFu2yPAReJMyXFyuHX8+sg/236f9q+wDEnocYMKdVy7Ei7KZKaYkaGuXasSIRwH3VJy9AQcaLcdHzwEJaM4sNASFOhhmP170SKuFIJ90wnR7qn5r2R+J/XinVw7qY0jGJNQjxZFMQMagFHv4c+lQRrlhiCsKTmVoh7SCKsTUYzW6JeoihW5okpy5XanmD+aKcJy5mPZpHUj8vOafnkxqR2CSbIgn1wAI6AA85ABVyDKqgBDDi4B4/gyXqwXqw3633SmrGmM3tgBtbHL1p8pJc=</latexit>

Pi = Pf = P
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