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But first, a bit of context...



AtomkKi

e The Institute for Nuclear Research (Atomki) is

one of two places in Hungary performing basic
nuclear research
o  With the other being the Wigner Research Center for
Physics
e Has multiple different types of O(MeV)
accelerators

o http://www.atomki.hu/en/accelerators
o The two published results actually came from two
different accelerators



http://www.atomki.hu/en/
https://wigner.mta.hu/en/news
https://wigner.mta.hu/en/news
http://www.atomki.hu/en/accelerators
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Nuclear Physics for Discovery?

Excited nuclear states have to emit
“something” to lose energy

(@)

This is where a, 3 and y radiation comes
from of course

So searching for yet undiscovered
light particles is technically very
possible in such reactions

@)

Although of course practically all of the
available phase space was probed by now



Studying Nuclear Excitations

0q0
e (8 —

8Be*

e Possible to do in a number of ways. But one of the simplest is to shoot protons at a
target.

o Using a target of the appropriate isotope for producing the excited nuclei of interest



Things That May Happen

SBe* Be +

8Be + ete 7



Things That May Happen
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Why Electron Pairs?

Internal/external pair creation in
nuclear de-excitation is a very well
understood process

(@]

And produces very different observable
distributions than what one would expect
when an intermediate particle decays into
an electron pair
m Both in the angular and energy
distributions
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The Experiments



18.2 MeV 1*
17.6 MeV 1*
3.0 MeV 2°
——
0 MeV o*

e Two close-by energy states of ®Be can be created

with 1030 and 441 keV protons, respectively

o We were interested in producing the more energetic state

"Li(p,y)*Be
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e \We were using the 5 MV Van de
Graaff accelerator for producing the
proton beam

e Placed 5 telescopes perpendicular to

the beam direction

o Each of them composed of a position
sensitive MWPC detector, followed by
AE/E plastic scintillators

o The setup was described in:
https://doi.org/10.1016/j.nima.2015.11.009
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https://doi.org/10.1016/j.nima.2015.11.009

The target/experiment was moved to
the new medium-current Tandetron

accelerator of the institute
o  Which is capable of producing much higher
current proton beams than we had before
Built a “full” 6 telescope spectrometer

this time around
o  The multi-wire chambers were replaced
with DSSDs
o The readout system was also quite
fundamentally changed
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Data Readout

File Config Help

e Is one of the places where |
contributed a lot @

e Done with a custom (and reasonably
simple) DAQ software written for the

specific hardware that the group has
o https://qitlab.com/atomki-nuclear-phys/cda

Add CAEN VME device... -

VME Controller 3 | V775[00f5] 3 | v785 [00ff] 3¢

CAEN V775 32 Channel Multievent TDC

Device properties

VME Address (hex) 00f5
Zero suppression enabled
Overflow suppression enabled

Valid suppression enabled

Events processed: 420

Event rate: 24.9252 Hz

HBook writing control
HBook writer stopped
Update freq. [min]: | 120 B
Output file:

[> Start hbook writer

Extra event receivers:

Extra statistics receivers:

£18 Pl cda-casn-vme-r=adsr

Start time: 15:18:54.
Stop time: N/A

GloMem writer stopped

Common gate Common Start -
'CDA CAENVME DAQ - Jhome/Krasznaa/projects/cdajconfig L.exml =X
File Help Full Scale Range
DAQ statistics. VME acquisition control GloMem writing control
VME reader running Register value ff =

Full range: 143 ns Step value: 35 ps

© Stop VME reader > Start glomem writer

Root writing control
Root writer running
Update freq. [min]

Raw file writing control
Raw writer stopped
Update freq. [min]: | 120 2
Output file: test1 root Output file:

1> Start raw writer

0 Stop root writer

TDC" from a atatic plugin

THEO  Loaded devi. roy 43008 FERA QDC" from a static plugin

INFO  Loadsd 740 Desktop Digitizer” from a static plugin
INFO  Loadsd static plugin

INFO  Loaded devi static plugin

INFO  Loadsd d= ADC” from a statie plugin

INFO  Loadsd devic 7792 QDC” from a static plugin

INFO  Sucesssfully available devicss

o er on 127.0.0.1:49000

hEo

KO stati B ar on 127.0.0.1:44000

INFO  Read the configuration from: /home/krasznaa/projects/cda/configl.exy

WARNING Devicss ars out of sync. Resstting the acquisition. =

Input channels

Name NBins

v 1. channel tl 4096
Readout threshold: 0

v! 2. channel t2 4096
Readout threshold: 0

v 3. channel t3 4096
Readout threshold: 0

v 4. channel t4 4096

4

Lower

0.0

0.0

0.0

0.0

4

4

Upper
4096.0

4096.0

4096.0

4096.0
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https://gitlab.com/atomki-nuclear-phys/cda

The Data Analysis



Detector Calibration 1

X timing data for telescope 1

- e v e First off, you need to calibrate your

S N DU O W position sensitive detector, and your
o . energy measurements

300005_ o Much simpler than calibrating all of ATLAS,
- but still a bit of work (g
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https://atlas.cern/

Detector Calibration 2

e In order to correct the e*e” opening angle
distributions, we also have to take 2 effects into

account
o The spectrometer’s detection efficiency is not flat wrt. the
e*e  opening angle (=

m  We need to make sure that we can model this .
efficiency correctly in our simulations 4070750708075 0 110130130

m Its measurement from data is explained in

https://doi.org/10.1016/j.nima.2015.11.009
o Cosmic muons also leave an irreducible background

Acceptance (relative)

Solid lines: G4 Sim.
Markers: Data

Counts/Channel

Cosmic rays with 5 telescope:

103

. .o . . . . 1F
m  With a non-trivial distribution, since the Al ]
, ] . © (deg.)
spectrometer can’t detect the direction of the 3 107 .
particles g
g

m \We do have a veto for cosmics, but even so...

Cosmic rays with 6 telescopes
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https://doi.org/10.1016/j.nima.2015.11.009

Detector Calibration 3

[ 4He beam data e To estimate the shape / amplitude of
104 Beam-off data the cosmic background, took
O(1 week) of data with the beam off

o With the same data taking conditions as we
use for the data taking with beam

e Above a certain energy in the e+e-
energy sum spectrum only the cosmic

background plays a role
o This allows us to normalise the non-beam
distributions to the one with beam

Counts/channel

0 5 10 15 20 25 30 35 40 45 50
Energy sum (MeV)
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Counts/channel
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Event Selection

e Just like in HEP experiments, we have to select the events
that we’re actually looking for, from a lot of junk
e Even after we selected (mostly) just the events in which an
e*e” pair is created, those are still coming from multiple
sources
o  From the two different de-excitations of éBe
o From other nuclei in the “target assembly”, here for instance
from: "°F( p, a e*e )80
o  Luckily we can fairly easily distinguish between these by
selecting specific windows in the e*e” sum energy spectrum

e We also need to consider a mixture of M1+E1 IPC events
Though notice that none of these considerations change the
distributions from IPC significantly

19



The 2016 Results

Ep=1.04 MeV Ep=‘|.10 MeV
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The 2016 Results

E,=1.04 MeV E,=1.10 MeV
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IPCC (relative unit)

10

The 2016 Interpretation
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The 2019 Results

& 0.05
E B PRL results
e First we tried to reproduce the earlier = voa | ) Repeated results
results using éBe, with the new & : \X_ IPC Expectation
@
o Accelerator o !
o Spectrometer E B
o DAQ system I =
e Luckily we once again got the same 0.02 | EZ____
results [ I
o Making the probability of an obvious 0.01
experimental mistake ever smaller I
0 g0"50 100 110 120 130 140 150 160 170
O (deg.)
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The “He 21 MeV MO Transition

e \We were targeting the 21 MeV

o
=
s B transition in “He as the next place to
™ T e > Ex T
> 3 (MeV) (keV) look for an effect
. g ° i - 22(:‘2713 o o Note that this transition is forbidden “at tree
HEFR spwsgrme [ ®¥8EemRgs e e level”, with a single y (or IPC) emission
H+p — o Also note that both of the pictured excited
""""" R states are quite wide
m  We do get some amount of
& A background from the EO IPC
transition in our measurement
o  Of course we know about no such
+ exclusion for our hypothetical particle, so
this seemed like an excellent reaction to
o 0 ! . - look at
4

He
24



The 2019 “He Result

*H(p,e*e) 'He

e Once again going through the same
analysis method, selecting events just
from the correct E_ _ range, with the
correct |y| value, we get the red

measurement points
o The black star measurements come from
the background event selection

PCC (relative)
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About the Statistical Analysis

Attila Krasznahorkay # AtomkiBosonFit Details
o AtomkiBosonFit & D~ |[wswr |0 ¥rrk]o
(s

e This was my second major

3 LICENSE - 107 Commits ¥ 1Branch 4 0Tags [ 1.2 MB Files

Fit code for the Atomki analysis. CO n t ri b u ti O n T-"

m,asir Added a macro :i:j::::he P0+pl;!. == Fmd;e :\:l::; t V . Did Si m i |ar|y to hOW ear.ly AT LAS
Higgs searches were made
e o Constructed a 2D “signal” PDF as a
@ build Q @ test:2017-11-2.. © .
RooBosonPdf shape - . function of ® and m,
docker Q test:2017-12-0... ©

o Used that together with a background PDF
to fit the measured distribution

e Using many of the same techniques
that we manage ATLAS analysis
software with...

Events / ( 0.85 degrees x 0.07 MeV )

130
120
110 o (deg(eesﬁ
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“He Fit Results

g o e Data
2 120 = Full PDF
8 L. e Background PDF
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Cross-Checks 1

For the ongoing PRL review we’ve done some additional checks in the last month
on the *He measurement data, using a new G4 simulation setup

PR IS IS SR |

" PR |
14 16 18 20 22
E(sum) MeV

Counts/channel

PCC (relative)
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i ¥
T + e
4 Signal region . = Hge
£ ey _;i&
Backgroundl region ==

Background?2 region
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b)
—__ Averaged exp. background

T —__Sum of simulations
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Cross-Checks 2

To make sure that only nuclear states
that we expect are getting de-excited,
we monitored the Y spectrum coming
from the target independent of the

spectrometer’s data taking

o To make sure that in the “signal” energy
window no unexpected peaks would be
present

Performed the data taking with an
empty target as well, having the same
setup as the normal target, just no *H
on it...

Counts/Channel

*H(p,y)'He
Ep= 1.00 MeV

E = 1.00 MeV
On target frame/backing

| |

AVPL IR P AP B I )
10 12 14 16 18 20 22

Ey (MeV)
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Summary

We found a pretty significant bump over the well known processes that create e*e"
pairs in certain nuclear de-excitations

The deviation can be well modeled assuming that a new particle is emitted by the

nuclei, which then decays to an e*e” pair

The deviation only appears under very particular circumstances from both the ®Be

and “He decays

o  With all other types of event selections we can reproduce our results with simulations of known
processes very well
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Outlook

e This result has received some attention since the
2016 publication, but things definitely heated up in the

last months

o  This should speed up other experiments to look at this effect as
well

e So far only the NA64 experiment made one analysis

that could have been sensitive to this effect

o Depending on the hypothetical particle’s coupling to electrons.
But apparently it is weaker than what the NA64 study would
have been sensitive to.

e (If all goes well) Other experiments should be able to

also detect the effect in the coming years
o Even LHC experiments, with LHCb and possibly FASER...

e We ourselves will be looking for 2Y decays next 31
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