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Motivation

[see Arias-Aragon’s talk yesterday]
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Dark Sector resonant

production



Resonant production

Positron beam fixed
target experiments

Positron - electron resonant
annihilation ete™ — A"

[Nardi et al., Phys. Rev. D (2018) 9, 095004]
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Resonant production

Thick fixed target

£eros 2 X,

target ~v

G. Grilli di Cortona

[Nardi et al., Phys. Rev. D (2018) 9, 095004]

Take advantage of energy
loss of the positrons
propagating through matter,
effectively scanning in
energy until hitting the
resonance.



Resonant production

Th ICk flxed ta rg et [Nardi et al., Phys. Rev. D (2018) 9, 095004]
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Resonant production

Thin fixed target

ftarget < XO

Negligible energy loss, need
to physically vary the beam
energy
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Resonant production talk tomorron]
PADME strategy for the X~ search

[Darmeé, Mancini, Nardi, Ragqgi, Phys. Rev. D 106 (2022) 11. 115036]
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Resonant production talk tomoriow]

PADME strategy for the X~ search

1C target 100um
. gy¢=2’ 10—4

104-

—  2-10""poT, 8E=1.4 MeV, 13runs
e 410" poT , 8E=0.7 MeV, 13runs

)

[Darme. Mancini, Nardi, Raggi, Phys. Rev. D 106 (2022) 11, 115036]
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Free electrons at

rest approximation




Resonant production

Free electron at rest approximation
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Resonant production

Free electron at rest approximation
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+ The problem

m,, £ ym,p)
s'=my(2 = B*r*) + 2ym Ey(1 £ p)
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-+ The problem

] X [J. Chem. Phys. 47 (1967) 4 1300-1307]
e ! o S —_
Naive estimate: Z%ff = 5.67 glsi = 88‘;
— aZnL” / — 322 2s/ — Y-
<ﬁnf> eff ngflf — 3 14 <ﬁ2p> = 0.023

p+ = (Eba Eb)

p- = (m,, £ym,p)
s'=my(2 = B*r*) + 2ym Ey(1 £ p)
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+ The problem

] X [J. Chem. Phys. 47 (1967) 4 1300-1307]

Naive estimate: Zz=5.67 () =004
By = aZlig 72%=322 () =0024
n e

nglg =3.14  (py,) =0.023

v

using f# = (f;,) = 0.04

Vs =~ 17.0MeV (E, ~ 282.2 MeV)
o \/; = 17.3MeV (E, ~ 293.5 MeV)
\/s_ = 16.7MeV (E, ~270.9 MeV)
pT~(E,,E)
p~ = (m, £ ym,p) The centre of mass energy for positron
o = me2(2 B ,52}/2) +2ym E,(1 £ B) annihilation can differ sizeably with respect

to the electrons at rest assumption!
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Atomic electron

motion




The cross-section

wave-functions

[Peskin-Schroeder (or
any other text-book)]

2Ey2E; 2Ep vy — v

o d’p Jd3kA J kg (27)*8
O~ 0n3 | 0n3 ) Cn3

matrix element
atomic electron
quantum numbers
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1. Positrons in the beam as free particles with well defined

momentum pp

|
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1. Positrons in the beam as free particles with well defined

momentum pp

|

i

(27)

dpkp)

1,

dpkp)

2

2. neglect the electron binding energy
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1. Positrons in the beam as free particles with well defined

momentum pg

[ dk;,
(27)’

dpkp)

1,

dpkp)

2

2. neglect the electron binding energy

E, ~m,

= 2 8% By -

3. Isotropic electron momentum distribution
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The cross-section

do

_ dpy J d’k, (2n)*
(213 ) (27)3 8EXE; Eg|vy — vg|

n(l_c)A) — Z ‘¢n,f(zA) ‘2
n,t

| M2 SE, + Eg — EQ5O®, + By — By)
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The cross-section

d’py J d’k, (2n)*

do =
(2r)° J (2rm)° 8EXE; Ep| vy — v

| M2 SE, + Eg — EQ5O®, + By — By)

use Slater Type Orbitals,
heory| hybridization, Hartree Fock

{
/ computations for atomic carbon, ...
- - )
n(ky) = D 1, ko)
n,t
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The cross-section

d°py J d k (2n)*

do =
(2r)° J (2rm)° 8EXE; Ep| vy — v

A ‘25(EA + Lp — EX)5(3)(I_€A + Pp — Px)

use Slater Type Orbitals,
theory| hybridization, Hartree Fock
computations for atomic carbon, ...
datg | obtain n(k) from data: Compton
Profile
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Compton Profile
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Compton Profile
l/\/\& f\fv M J Cooper 1985 Rep. Prog. Phys. 48 415
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Compton Profile

The Compton Profile is the Radon transform of the electronic momentum
distribution along the scattering vector k,

Isotropy

1 OO +00
J(q) = 472{@ (k) k dk * [_OO J(q)dq =7

(27)°
k

J(k,) = [ Jdkx dk,n(k,, k,, k,)

dJ(k)
dk

nk) = —
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Comparison
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Comparison
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Atoms as electron
accelerators: new

physics



X17 sensitivity @PADME  |tuss

1073 |
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Dark photons

[Arias-Aragon, G°dC, Nardi,
Veissiere, 2504.00100]

Z D —ieeyyy, A,

5 cm tungsten thick target
LNF: 450 MeV, 10'° eToT
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Dark photons

[Arias-Aragon, G°dC, Nardi,
Veissiere, 2504.00100]

Z D —ieeyyy, A,

5 cm tungsten thick target
LNF: 450 MeV, 10'° eToT

JLAB: 12 GeV, 10%! etoT
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Dark photons

[Arias-Aragon, G°dC, Nardi,
Veissiere, 2504.00100]

Z D —ieeyyy, A,

5 cm tungsten thick target
LNF: 450 MeV, 10'° eToT

JLAB: 12 GeV, 10%! etoT
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Dark photons

[Arias-Aragon, G°dC, Nardi,
Veissiere, 2504.00100]

Z D —ieeyyy, A,

5 cm tungsten thick target
LNF: 450 MeV, 10'° eToT

JLAB: 12 GeV, 10%! etoT
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see however [Arias-Aragon+ 2502.10340]
for the possibility to increase the positron

intensity at CERN
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Atoms as electron

accelerators: o}, 4



The muon magnetic moment

[Muon g-2 Coll. Phys.Rev.D 110 (2024) 3, 032009]
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The muon

magnetic moment

116584718.9(1) - 10~

QED Weak
7, Y U H 4 H

[Aoyama et al, 2006.04822, Phys. Rept. 887 (2020) |-166]

6845(40) - 10711

Hadronic vacuum Hadronic

polarization § light-by- I|ght 2’

153.6(1.0) - 107! 92(18) - 101
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Hadronic cross section

Hadronic vacuum 1
polarization q Ve — _J
M V\(éh M 6845(40) - 10~ H A3 .

ds o;,.4(5) K(s)

0y, Measured at colliders

1. employing a scanning method
2. employing the radiative return method

lattice BMW (2022)
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Hadronic cross section

PROPOSAL: oL 1342025061807 - scx:2407. 16941
Positron annihilation on atomic electrons of a fixed target with
high Z (e.g. “?U), in which the 0,.4(5) energy dependence is

scanned by taking advantage of the relativistic electron
velocity of the inner atomic shells.

LDMA 9/4/2025 G. Grilli di Cortona
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Hadronic cross section

[Arias-Aragon, Darmé, G>dC, Nardi,

Two possible beam-lines: PRL134(2025)061802 . arXiv:2407.15941]
1. JLAB: Ez = 12 GeV, 10? e oT e =N o
2. CERN H4 beam-line: E; = (100 — 200) GeV, AT N,

(2.3 =0.2) x 1013 e*oT
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Hadronic cross section

[Arias-Aragon, Darmé, G>dC, Nardi,

Two possible beam-lines: PRL134(2025)061802 . arXiv:2407.15941]
1. JLAB: Ez = 12 GeV, 10? e oT e =N o
2. CERN H4 beam-line: E; = (100 — 200) GeV, AT N,

(2.3 =0.2) x 1013 e*oT

1012 | | | |

KLOE =N, [Phys. Lett. B 720 (2013) 336-343]

Counts / (0.01 GeV?)

U target
gT = (0.0 mm

1010} N7 = 104 F
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4 I I I I
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Hadronic cross section

Two possible beam-lines:
1. JLAB: E, = 12 GeV, 10%'e*oT

2. CERN H4 beam-line: £z = (100 — 200) GeV,
0(10'%) e*oT needed

PRL134(2025)061802 , arXiv:2407.15941]

[Arias-Aragon, Darmé, G>dC, Nardi,

KLOE = N

HIY

N

- __ “lam 0
Ohad = Onpg = N 6/1,[4
HHU

[Phys. Lett. B 720 (2013) 336-343]
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Conclusions




Conclusions

® Prescription on how to account for non-zero momentum of
electrons in the target taking advantage of Compton profiles;

® |mpact of the atomic electron motion on the X17 search at
PADME (but not limited to PADME); [see spadaross

talk tomorrow]

® (Opens up new perspectives on positron annihilation on fixed
targets: increased sensitivity for BSM theories, hadronic

cross section measurement, impact on MUonkE...
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Dark pseudo-scalars

10
[Arias-Aragon, G*dC, Nardi, S
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Dark pseudo-scalars

[Arias-Aragon, G°dC, Nardi,
Veissiere, 2504.00100]
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Resonant production

[Nardi et al.. Phys. Rev. D (2018) 9. 095004] Thick fixed target 4 target 2 X
e Take advantage of energy
ot loss of the positrons

propagating through matter,
effectively scanning in
energy until hitting the

et resonance.

number of
target electrons Gaussian beam
energy spread
N ZpK,y !
polf YAv 0
1 [ dt JdEe [dE G(E,Eg, opll(E,E,, Do(E,)
0

orobability that the dark photon decays probability of finding a positron with energy
before the detector but outside the target L, after passing through t radiation lengths
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Resonant production

Thin fixed target

Z’ﬂtarget < XO
o
e™ Negligible energy loss, need
to physically vary the beam
energy
ot

number of
target electrons

NayZp >
Ny = Ny 1V4 ftarget [a’E G (E, Ey, op)lo(E)
energy spread
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