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Inclusive reactions

[] Virtual Compton scattering: PDFs, GPDs,...

&



Inclusive reactions

[] Virtual Compton scattering: PDFs, GPDs,...

- - -y
- N

™ confinement @
- /
X

~ -
------

A(1232), N*(1440), ...

-

\ 3 NOT QCD eigenstates
1 OCD resonances

.




Inclusive reactions

[] Virtual Compton scattering: PDFs, GPDs,...




Inclusive reactions

[] Virtual Compton scattering: PDFs, GPDs,...




Inclusive reactions

[] Virtual Compton scattering: PDFs, GPDs,...

L‘Zf perturbative enough @ ’J
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arbitrarily time scale, t




Inclusive reactions

[] Virtual Compton scattering: PDFs, GPDs,...

[[] inclusive neutrino-nucleus scattering,

[[] double beta decay
[] Glueball structure,

[[] Radiative corrections in weak decays

...

All can be defined as: I ~ Jd4x e q (ne| T [jZ,M(t) fl(())] 7)o

arbitrarily time scale, t
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lattice QCD

[[] Euclidean spacetime: t;;, — — ity
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O Monte Carlo sampling
[] finite volume: L ~ 1 — 10fm

[] lattice spacing: a ~ 0.03 — 0.1 fm

, phys
] quark masses: m, — m;

beta decay




Iattic/eQCD
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Exclusive vs. inclusive reactions

[] If exclusive and interesting
[] After developing increasingly complex formalism...

[] Lattice QCD W111 always win

."................:. < S Y. 3--------: ‘ ‘m13
E 0" E .'. / E .f‘ g ~: j m12
P _ 0t 7.5
1k J =0 5 x 108
m, = 391 MeV
~  08F 7.0-
S
"é 0.6 T — T 6.51 4 x 10%
< KK - KK
< 04} ~ ke 6.0
0.2} ~ S
a1 — KK m\cﬁ 5.5 3 x 10°
o 6—o-! | S
300 1000 1200 1400 Ecm / MeV 5.01
O , O—0 , 2 x 10°
o mp 4.51
100 | fo
I 200 4.0
R ] T 10 45 50 55 60 65 70 7.5
KK _
300 | e | 4O miy/m2




Exclusive vs. inclusive reactions

[] If exclusive and interesting

[] After developing increasingly complex formalism...
[] Lattice QCD will always win

[] Inclusive reactions, QC methods may be needed and worth investigating.
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K} Infinite-volume reactions

[[] complex functions,

[] kinematic singularities,

[] due to intermediate on-shell states.




Hamiltonian frameworks

Four-point functions in a finite, Minkowski spacetime
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Hamiltonian frameworks

Four-point functions in a finite, Minkowski spacetime

(el F0) [n){n] 7(0)|n;),

97~Zi
n

Im[s]

llllllllllllllllllllllll

{ purely real, sum of poles

Re[s]

-

b‘\

.

sum over real-valued poles...

clearly unphysical ‘&

~

6]

Im[s]

Complex functions with
kinematic singularities, due to
intermediate on-shell states.

— YV AAA R




Assessing feasibility

[] (hopefully) interesting and not obviously straightforward.

[] Extrapolation is not even obviously well defined.

[[] To explore and test new ideas, we can use existing formalism:
[] exact relationship between finite- and infinite-volume amplitude,
[] derived using principles of scattering theory.

[[] For simplicity: assume scalar currents and current hadrons, and (2m)? < s < (3m)?

1
(P, L) + M(s)

7-L :T_H(&Q?) -1 H(SaQ?)



Assessing feasibility

[] (hopefully) interesting and not obviously straightforward.

[] Extrapolation is not even obviously well defined.

[[] To explore and test new ideas, we can use existing formalism:
[] exact relationship between finite- and infinite-volume amplitude,
[] derived using principles of scattering theory.

[[] For simplicity: assume scalar currents and current hadrons, and (2m)? < s < (3m)?

H(s, QF)




How bad are these effects?

In a finite-volume, the spectrum and all observables depend on the total momentum
P = 2xd/L, where d is discrete.

My (s) = M(s) — M(s) :

F~Y(P,L)+ M(s)

M(s)
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How bad are these effects?

In a finite-volume, the spectrum and all observables depend on the total momentum
P = 2xd/L, where d is discrete.
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Constructing reliably estimators

[ Determine time-dependent matrix elements [easier said than done €3]

[ Introduce an ie by hand

T (6) ~ J dz e =<l (n | TLZ (1) 7,(0)] | ),

.........................................................................................................................
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Constructing reliably estimators

[ Determine time-dependent matrix elements [easier said than done €3]

[ Introduce an ie by hand [makes sense &]

T (6) ~ J dz e =<l (n | TLZ (1) 7,(0)] | ),

L?_[Birming / wave packets Imakes sense \&J]

[ Exploit symmetry: uh? @1
[ Physical amplitudes only depend on Lorentz scalars.

[F Boost average



Toy model investigation for &
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B00st averaging

The volume effects are encoded in F(P, L), which is not a Lorentz scalar.
Asymptotic behavior F ~ e~1¢% (—1)?

Averaging over different boosts, volume effects are expected to reduce.
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Following the recipe

By averaging over mL = [20,25,30] boost with d < mL, and binning in energy and virtualities.
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Extensions

[ Checks on arbitrary number of channels [# Purely hadronic amplitudes using LSZ
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Testing finite-time dependence

[F] Using spectral decomposition, we can estimate the order of magnitude of time (7) neede
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Take-home message

[ Inclusive scattering observables are not out of the question
[ No sophisticated formalism is needed

[] existing formalism serves as diagnostic tool
[] Does life get harder or easier in 3 + 1D?

[] Test on toy theory [quantum simulation vs. lattice]
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