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Fixed target experiments tfor DP
searches

1) e~ beams fixed farget experiments
*Electron scaffering ott nuclei: A’ bremsstrahlung

O(a’) process

Some Experimenial searches:
APEX, HPS, DarkLight (JTLab) A1,
MAGIX (Mainz), NAs4 (CERN), (SLAC),

(Cornell).. /
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Fixed target experiments tfor DP
searches

1) e~ beams fixed farget experiments
*Electron scaffering ott nuclei: A’ bremsstrahlung

2) et beams fixed target experiments
¥Positron—electron 2—body annihilation ere- =A"y
(analogous of ete= = yy)

O(a*) process
Some positron beam experiments

(proposed):
VEPP3 (BINP), PADMELNF), I
MMAPS (Cornell)
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1) e~ beams fixed farget experiments
%Electron scaftering oft nuclei: A° bremsstrahlung

2) et beams fixed target experiments
¥Positron—electron 2—body annihilation ere™ +A'y|

3) PROPOSAL: Positron—electron resonant
annihilation ete- = A’ (analogous of ere= »2)
O(a) process




Peculiarities and advantages

¥ ¥ Radiafive refurn’ helps enhancing the cross section by
‘widening” The resonance,

- Up 1o energies
AE/E~1%

- The emission can radiafively enhance the resonance

width, and fhus the production rafe, /




Peculiarities and advantages

¥ ¥Because of the confinuous enerqy loss of positrons
when propagating Through matter, positrons ‘scan”
downward in energy until hitting the resonance,
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¥ ¥Because of the confinuous enerqy loss of positrons
when propagating through matfer, positrons ‘scan”
downward in energy unfil hitting the resonance.,
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Peculiarities and advantages

¥ ¥Because of the confinuous enerqy loss of positrons
when propagating through matfer, positrons ‘scan”
downward in energy unfil hitting the resonance.,
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Peculiarities and advantages

¥ ¥Because of the confinuous enerqy loss of positrons
when propagating through matfer, positrons ‘scan”
downward in energy unfil hitting the resonance.,
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Peculiarities and advantages

¥ ¥Because of the confinuous enerqy loss of positrons
when propagating Through matter, positrons ‘scan”
downward in energy unfil hitfting the resonance.,

Number of A’

- EfE'E = 232;3 ME‘J
e=10""
Zo=10cm

Number of DP outfside the dump

- mA’ =17 MeV




Peculiarities and advantages

¥ ¥Because of the confinuous enerqy loss of positrons
when propagating Through matter, positrons ‘scan”
downward in energy unfil hitfting the resonance.,

¥Modificafions ot A’ production
rafes trom momenfum
distribution ot Targel electrons
AR (Which are not at resT).

e=10""
Zo=10cm

Number of A’

Number of DP outside the dump

- mA’ =17 MeV
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I P(p._) distribution

- Measured in the Doppler broadening ot the ete— - vy
radiation,

e+ annihilation probability as a function of
the farget e— momentum (for tungsten).

Figure adapted from V. 7. Ghosh et al, Phys., Rev, B(2000)
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I P(p._) distribution

- Measured in the Doppler broadening ot the ete— - vy
radiation,

Experimental
- - Calculated

-+ - Fitted

e+ annihilation probability as a function of
the farget e— momentum (for tungsten).

Figure adapted from V. 7. Ghosh et al, Phys., Rev, B(2000)
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P(p..) distribution
- Measured in the Doppler broadening ot the ete— - yy| |
radiation,

< = Experimental
- - Calculated

“-. ) Fitted
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e+ annihilation probability as a function of |

the farget e— momentum (for tungsten).




Effects of electrons velocities

To take info account the ve—, the Mandelstam variable s
in the cross section is replaced by




Effects of electrons velocities

B To take info account the ve—, the Mandelstam variable s
B in the cross section is replaced by

14 \ i
- Probability distribution - Projection of Ve- along
for fhe angle X, the direction of the incoming
et,




— T

| S—
| Effects of electrons velocities

To take info account the ve—, the Mandelstam variable s
in the cross section is replaced by

1

1.51 x 10™ | 4.72 x 10" |

Ve =

1.0x 1077 | 7.69 x 10"

.D X ]-[) 4 1‘81 X 1011 3' 9 % 101[] 1'1‘ ~ 1011 Ir
1.0x 107* | 7.25x 10° | 1.49 x 10” | 4.73 x 10” |

mA’ =17 MeV o




The Afomki anomaly in Be nuclear decays

A bump in the opening angle and invariant mass distributions
of ete— pairs produced in The decays of an excifed <Ber
nucleus,

- A high statistical significance (6.8 0)
- The shape of the excess is consistent with that expected

It a new particle with mass mA’=17.0 £0.2(stat)+0.5(sys) MeV |
is produced in The <Be* decay,

£

IPCC(exp), IPCC(simu)

N.,,. (Weighted Counts/0.5 MeV)
W
g
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Conclusions

A new way to search DP, coupled 1o ete— pairs, via
resonant production in ete— annihilation is suggested
as an alfernative method 1o fest new physics af high—
infensity accelerators,




Conclusions

A new way to search DP, coupled 1o ete— pairs, via
resonant production in ete— annihilation is suggested
as an alfernative method 1o fest new physics af high—
infensity accelerators,

With this alternative is possible cover the center of
mass enerqy needed fo produce, via resonant ete—

annihilation, the mA = 17 Mev DP invoked fo
explain the anomaly ¢Be,
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Sketch of the setup of a positron beam
dump experiment

Shield

Detector
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Comparing A" production modes

Production mode | E. ..., (MeV) T [integration] A produced
Bremsstrahalung (e") 550 0.5 4.1 x 107
Annihilation (e*) 550 0.5 8.7 x 108
Resonant (e*) E,.=282 MeV [0 - 0.5] 7.2 x 10°

Resonant (e*) E.*20,.,, [0 - 0.5] 12.2 x 10°




Momentum distribution ot electrons in
Tungsien

The average velocifies for each
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Table I. Tungsten electron structure, effective nuclear charge
Zew (taken from [21]) and average electron velocity for each
electron subshell. In the second column n,; is the number of
electrons in each subshell.

Bletron shell | || Zn [21] | o}
& [2] 5o oo |
% 2 am um |
w2 su Jom f

Table II. Carbonium electron structure, effective nuclear
charges Z.s [21] and average electron velocity for each elec-
tron subshell. In the second column n,; is the number of
electrons in each subshell.
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