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Courses and Lectures

e Particle Physics - exam: July 4th

* Instrumentation for Fundamental Interaction Physics - exam: July 4th

e |talian, A2 level - exam: June 14th

Conferences and trainings

* International Workshop on Cosmic-Ray Muography, Ghent - November 2021
e 15th Pisa meeting on Advanced Detectors, Elba - May 2022
* |nternational Conference on High Energy Physics XLI, Bologna - July 2022

 PSI Particle Physics Summer School - Vision and Precision - Zuoz (CH) - September
2022
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® Significance estimate

® [irst observables from data
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1) The X17 anomaly at ATOM
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The Beryllium Anomaly
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d

"Li(p,ete)®Be studied at
E, = 450, 650, 800, 1100 keV

SBe*
Atombki Collaboration

—gp e+/e- energy sum and
angular correlation ©
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Phys. Rev. Lett. 116, 042501 Phys. Rev. D 95, 035017

arXiv:2205.07744
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2) The X17 search with M
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* MEG-II experiment searches for charged lepton flavour violating decay: y© — ey

Eur. Phys. J. C, 76(8):434 14
® 1 order of magnitude sensitivity improvement wrt MEG: BR (u — ey) — 6 x 10

Eur. Phys. J. C 78, 380

Liquid xenon photon detector
(LXe)

MEG-II }results —
from an intense superciducting magnet Seagum

upgrade program T Set

Muon beam

direction for
MEG-II search

Proton beam
direction for
X17 search

. . - --‘Nh\
Pixelated timing counter| 35 ps resolution
(pTC)

Muon stopping target

@drical drift cham Single volume He:iC4H10
Radiative geD?y counter . (CDCH) A —p 9 concentric layers of 192 drift cells each
(RDC)

¢ The new MEG-II highly performing spectrometer can be used for X1 7-boson search:

~fp X17-dedicated target in place of the muon target - gamma auxiliary detectors

—elfp MEG-II CW accelerator as proton beam et optimized TDAQ
- adjusted magnetic field
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3) Data collection and analysis

® X17 runs from February 10th to February 22nd: sample of 90 M events

~gp 10-17: LiF target (55 M) —fp 17-22: LIPON target (35 M)
® Signal 17 MeV neutral boson:
Li+p—>Be +X17
X17 —> e+ e-
®* Two types of backgrounds IPC = Internal Pair Conversion

—> direct e+/e- pair creation

EPC = External Pair Conversion
—> gamma conversion outside nucleus
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Analysis procedure

—  Electron and positron tracking
-4  Example of reconstructed pairs
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Analysis procedure: from MC

MEG reconstruction focuses on e+. It was adapted for e-. Performance was evaluated.

Positrons: +B search MC: 9 MeV e+/e- Electrons: +B search

Vertex Position - Y vs X

Vertex Position - Y vs X

— 5 T T [nXVvertéx2 Jnocut
‘s 55 e T T T T ThR Y ertdx Tnodut E‘ = IR I D [Entries- 3155 [
= 4 QQOO @i B L > 900 «Take e+ » (. —uam: -pay
e 3:. MRS R BN o Meanv i .»1966'5 32 o P = '_ - T Std Dev '2.4265
2 Aol 2 B
3 R . 1 -
1E ¢ 5% relative o -
0 contamination 3 :
-1F = - =
_251 3 _2;" ;
_35 B
b R B e
—4 -2 0 2 X4[cm] X [em]
Positrons: -B search 9-90 Electrons: -B search
Vertex Position - Y vs X (ortho.gonal tO beam) Vertex Position - Y vs X
oS S are tricky to identify Y I
- 4 SC 0:__«_ fak_f_e'"-e.-: e %" :%22 2 4 9 GGe ;nm.s ;;:.::
35 - | StdDevx- .2.3725 3;' I 'M’?m'l'v-": :_..illl.;j;
2; StdDevy . 2839_; 2: © e[
: ] 0F
-1F . “1E =
-2 . Mltlggted by B E
-3 e checking track _afid =
*5‘5 SR correlation (+B/-B) e s
—4 -2 0 2 X4 ST 0 > 4
[cm] X [em]
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* Event A LiPON data

02/22
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Gamma rate from BGO analysis

Why a gamma detector?

—% Understanding of background
- Stability monitoring

-4 Signal normalisation
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Gamma detectors

® Two gamma detectors
—=% Understanding of background —# Stability monitoring ~ —# Signal normalisation
Bismuth Germanate (BGO) crystal matrix (4x4)

= —
-.':::T' -"'““

|

Lanthanum Bromide (LaBr3) crystal

v Data - LaBr3 Spectrum LiPON target No normalization
[ [N S S S R PR S| S S S PR S— — S —
10° = | s
E | Beam OFF SRR RN i ﬁﬁf_:
B Beam ON (low thresh) '
. - : Beam ON (high thresh) | -
10 e = S m S e e e e

IIIIIII

10°

A

B — AL L m— |

Charge [a.u.]

® | Xe calorimeter on maintenance during run
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BGO analysis

~ 16.5
—4 BGO run (50k events) taken 1-2 times per day v R
—4 Crystals calibrated with F line at 6 MeV 5 16-32— """"
—4 Sum on crystals 3 E
- Events with maximal energy release in the 4 £ 16; ....... N
central crystals (T
-4 Energy scale still to be corrected @ i::: """

~—=$ BGO 70 cm away from COBRA center —> 4 central 15.6E
crystals: 0.14% of full solid angle 15,55
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18.15 MeV SPIN-1 PARITY-EVEN
] 17.64 MeV . o SPIN-1 PARITY-EVEN

Entries
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Charge [A.U.]

n
|
=

Rate of gammas from Be15+18 = 16 Hz (0.14% of full solid angle)
% 12 kHz on full solid angle

—-f consistent with Brillance rate

Assuming perfect efficiency and isotropic emission
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Trigger rate estimate

— % of triggered events from MC
—p Combination with BGO gamma rates
—4 Comparison with trigger rates from data
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Trigger rate estimate

MC with gammas generated isotropically and uniformly [1,19MeV]
Combined trigger (1 SPX and 10&10 DCH) &

#events triggered as a function of the
generated gamma momentum

direction of gamma leading to trigger
—3

S I g B0 T
n I ] hirigger_SimP2 | = - Entries 705 [
I~ : : En ri ] e 160 e e d s s —t
C Entries i - - " - o= - Mean x -24.16 |

60 : : Meano....... 041478 1 - CLmt s e L L IMemy sess ] (2
- StaDev 0. - @ 1) ) EEE AT T U SIS ) S— i
- ; i : = [= - n - - Stdgbe‘ X 1047T]
: B PR Subery 3025 f

50 120 ;r;._'....i:‘:a_.-..._:-..' . '...-'._: ............................ ]

40~ 100 _..-_;. ........... |'- ....... ; .'i:l.", ......................................... e -
: | | - T -1=F : -

o Ak
- 60 e S, O SO _'._:':._ ............. . -
n - . _ R _ L
20: | | | 40 cevereeeg Mg .,--J:.- ...................... ™ ﬁ- & - -1 -I;-l J:u':. .
10 :_. ,, .................................. — 20 :-TI-: ...... -.n.-j'-::-;-u:.l-'_.l-m‘. .................... - ...... --: ..... L S - ...-_:-
0— -100 0 100

| | 1 1 1 1 l 1 1 1 1 l 1 1 1 1
0.005 0.01 0.015 0.02 .
Momentum [GeV] Phi [Deg]

~—=$ 0.35% of all 18 MeV gammas lead to ——% High energy gammas =¥ Gammas convertthrough
trigger through EPC and Compton induce trigger the copper ring

Estimated rates Raw rate from data

—> 12 kHz (gammas on full solid angle) LiPON/ 2uA (#418137)
—> 42 Hz in trigger 66 Hz

-4 DAQ dominated by EPC and Compton: trigger needs to be optimized
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Optimized trigger

-4 A better choice of trigger for a potential next data taking
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Increasing CDCH multiplicity

EPC MC: 200k gammas generated X17 MC: 50k pairs generated

Triggered | #pairs in signal Triggered | #pairs in signal

events (%) region events (%) region

0.35 % 136 (1.5%)

0.10 % 0 12 % 135 (1.5%)
0.025 % 0 8 % 105 (2.6%)
EPC/Compton rate divided by 14 X17 rate divided by 2 going
going from 10&10 to 50&50 from 10&10 to 50&50

Advantages

Signal region: .
J J -4 Background largely removed from trigger
e 16 MeV < Esum < 20 MeV grou gey v '99

while only losing 25% of signal
. :IISOI\!IiVATIIng‘ZTe}ISGSE)f 16 Mev — Can be compensated by increasing

proton current
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Significance estimate

- significance from last data taking
-~ challenge: get best significance while keeping trigger rate below limit
- significance with optimized trigger
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Significance from last data taking

Trigger 10&10 and 2uA (Icw) - prescaling 2 (last data taking)

e EPC + Compton:
6 kHz —> 21 Hz in trigger —> 0 pairs ‘Total trigger rate: 24 Hz‘

0.35% induce trigger 0% signal pair reco

* IPC18+15:

6 kHz —> 18 IPC generated —> 2.7 Hz trigger

BR 3e-3 15% induce trigger

e |[PC18:

3 kHz —> 9 IPC generated —> 1.4 Hz trigger —> 5.4e-4 pairs/s

18 MeV BR 3e-3 J 15% induce trigger g0.904% signal pair reco P
line

e X-Boson:

3 kHz —> 1.8e-2 X17 generated —> 3.2e-3 Hz trigger —> 4.9e-5 pairs/s
BR 6e-6 18% induce trigger 1.5% signal pair reco

Significance
In 10 days:

e significance = S/sqrt(S+B) = 1.9
For 5 sigma:
T =71 days

—> to compare with data from last February (<1 sigma)
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Significance with optimized trigger ’,@H

18 MeV
line

Trigger 50&50 and 10 uA (Icw)

e EPC + Compton: -
60 kHz —> 15 Hz in trigger —> 0 pairs ‘Total trigger rate: 20 HZ‘
SO e o 0% signal pair reco —> increases by x10 (lcw and

no prescaling)

e |IPC18+15:
60 kHz —> 180 IPC generated —> 5 Hz trigger —> decreases by x14 (more
BR 3e-3 3% induce trigger constraining trigger)
e |[PC18:
30 kHz —> 90 IPC generated —> 2.7 Hz trigger —> 4.5e-3 pairs/s
BR 3e-3 3% induce trigger 0.17% signal pair reco
e X-Boson:
30 kHz —> 1.8e-1 X17 generated —> 1.4e-2 Hz trigger —> 3.8e-4 pairs/s
BR 6e-6 8% induce trigger 2.6% signal pair reco

Significance

In 10 days:
e significance = S/sgrt(S+B) = 5.1

23-11-2022
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Observables from data

-4 \What were we able to extract from the data we have?
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Observables from LiPON data

LIPON data - 2. 1M events - 02/22 - All statistics from 22 hours of non-ZS LiPON data

Selection on:
—> ngoodhits
—> vertices positions and distance

From CDCH track reconstruction

—>Z position S B R L B B N B B B B N B B B 'hEsu'm T [
17 1)) R S SN | S S— Entries-m 1969
B Mean 0.01636 |
Std Dev  0.001471
120 S S S S S i =
-3 | N pair events, e+ and e- energy 100__ .......................................................................................................................................... _
can be summed to reconstruct the - .
transition energies (including come 80_— ............................................................................................................................................ —
energy loss) G0 -
40 S S S S S —
20 S S R L S —
B 1 1 1 | I 1 1 I 1 1 1 1 |
02)05 0.01 0.025 0.03
Energy sum [GeV]
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Observables from LiPON data

LiPON data - 2. 1M events - 02/22 - All statistics from 22 hours of non-ZS LiPON data

From CDCH track reconstruction From BGO analysis

AREEE i g [T T T
140 :_ ......................... ............................ ................. ..:::Es ........... 0 0::63:—; E 1000 H ]
120 B S . SRR ETE 5 I HL :

- 300
100__ ......................... .......................... ............................. ......................... — B ’J H ﬂ ﬁ |
S0 I ............................. ............................. ......................... _] 600 '

L el

IR . ) n
200 ........................... ............................. ......................... = j . 11 f

SR I, D S Se S

5 10 15 20 25

B 1 1 1 1 I | IP=a | 1 1 l 1 1 1 1 | 1 l 1 1 1 1
09)05 0.01 0.015 0.02 0.025 0.03

Energy sum [GeV] Charge [A.U.]

““'"'“b In pair events, e+ and e- energy . Consistent with Be15 and Be18
can be summed to reconstruct the gamma lines

transition energies (including
some energy loss)
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Angular opening: data vs MC

LiPON data - 2. 1M events - 02/22 - All statistics from 22 hours of non-ZS LiPON data

220 T eta [ [l met
2001 — MC (EPC+IPC) || qurex......20m.
180 :_- ettt ettt eeeeeuueeeeeaaaeeeenaaee aueeeeettaeeeeanneeeeuaneeeannaeaenaaerennnaaeennaaaeennaaaes _:
160 ; .......... ” e S :
1 40; ............. e _;
120 ; _‘-I_ .............. e b e _;
100F
80E
60
40F
200
%

Angular opening between e+ and e-

[degd]

Assuming same angular opening
distributions for IPC18 and IPC15

i —% Data consistent with a mix of

EPC and IPC (~55%/45%)
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Conclusion

Summary:

g €+/e- tracking procedure was developed

- data-MC consistent

gy from BGO analysis, gamma rate estimated

-3 with MC, trigger rate understood and optimized trigger identified

for next data taking: 50 in O(few weeks)

Next:

-4 characterize fake pairs
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Fake pairs rejection

- 0~90° tracks lead to fake pairs (two pieces of tracks seen as opposite sign)

What if we request 1 particle US and 1 particle DS: ze+ x ze- <0

P(A): probability that a pair with
angular opening A has two

. S S P(A) T 200 T T gk v Simange ]
particles going in opposite sides 4 = 180F il s
of the CDCH M====-- i £ 160; s

: g‘ 140; 515471 —10
: 5 120f 3
y 4 > En 100}

180° A w0 6
7 60F 4

_6 40_ .......
P 2

o, 2l
00 1 1 1 1 50 1 1 1 I1001 1 1 I150I 1 1 1200 0
Rec Angular Opening [deg]

Estimated advantages: Simulated vs reconstructed opening angle

= from MC requesting Ze+ X Ze- <0

—> we lose mostly low opening angles

—> we get rid of fake pairs

—> we lose only ~20% of signal . .

) Still work in progress
(X17 expected opening angle ~140°) prog
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Increasing CDCH multiplicity

IPC MC —> [2-16] MeV energy range
Generated momentum of reconstructed particles
Tr/gger ( 1 SPX and 10& 10 DCH) Tr/gger ( 1 SPX and 50&50 DCH)

22O IO OV |....hTrigger SimP1[] 180F
- i |Entries | 6025 -
p |11 S S e ........................... o Mean-— 0:012-] 160

o © |staDev | 0.00257
180 : :

= i é 140 :_ ......................... ........................... ........................... ............... -
160 : ............... ............... = -
140k E 120 _ ........................... ........................... ............... -

120 ; _; 100 _ .......................... ........................... ........................... ............... .
100F —; 80 __ .......................... ........................... ........................... ............... ]

80F GO T T T— T—

60¢ =L

40: 40 i ........................... ......................... ........................... ........................... ............... —
20 ........................... ........................... ........................... ............... ]

© o [StdDev [ 0.00124 [

0 : 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 0 1 1 1 1 1 1 1 1 1 !'l"—l I-—l_|i m M
0.008 0.01 0.012 0.014 0.016 0.008 0.01 0.012 0.014 0.016

Momentum [GeV] Momentum [GeV]
CDCH multlpl/cn‘y to reconstruct X17 pairs

20
18
16
14
12
10

T

e — We’re looking for X17 signal as
s ““’E symmetric energy particles (8-10 MeV)

Requesting 50&50:

—- Gets rid of high energy particles (for
which pairs cannot be reconstructed)
—ffp Little loss on 8-10 MeV particles
- Hard to reconstruct pairs with low CDCH
multiplicity anyway

L]
L

S N & A XX

I NENINIEIEIEE
50 100 150

#CDCH hits over 40 mV
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Angular opening: data vs MC

LiPON data - 2. 1M events - 02/22 - All statistics from 22 hours of non-ZS LiPON data

— T T T T T l l T T m i ak)'nlﬁ i

220 S | ..... — Data E::’fes'l"’l%ﬁ_: Assuming same angular opening

200 ;— - — MC (EPC+IPC) |- :2::';“ ........... 2;5!;;_5 distributions for IPC18 and IPC15

180 ;__ ettt ettt r e e e oo _:

160 e =

140 % ................................ s S _;

)| | = N—— _ ................................. = | . . .

L00E 3 —¥ Data consistent with a mix of
1 S O N S E EPC and IPC (~55%/45%)
Y I N S 3

0 50 100 150 200
Angular opening between e+ and e- [deg]
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Lero-suppression

Good hits

300 T | ™7 T hCDCHhIeiglht2 ] 16000 o | ' h(l[)c.i-lhclighionl:'acgz a

For LIPON data, trigger was| ,ef | B R —— B s
10 CDCH hits over 40 mV 12000 ............................. ............................. ......................... ]
(US and DS) and 1 SPX hit 2(}0: .............................. ............................. ......................... : : :

over /0mV 150 i_ ......................... .............................. ............................. .........................

—> with zero-suppression
all waveforms below ' | | | |
40 mv were suppressed 50:_ ......................... .............................. ............................. .........................

100 :_ ......................... .............................. ............................. .........................

lII|lIIIlIIIl|IIlI|III

t : - B 1 1 1 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1 1 1
20 9% 0 50 100 150 200
Amplitude [mV] Amplitude [mV]

—p Most hits at 20mV =P Hits on a fitted track

(likely to be largely noise)
=P Good hits also below

40 mV

Likely to explain a factor 20 less events
reconstructed in ZS data compared to non ZS-data
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Trigger rate estimate

—~% Gammas only generated isotropically and uniformly [1,19MeV]

#events triggered as a function of the generated gamma momentum
TC only (1 +hit) CDCH only (10& 10) Combmed

— Wivigztr SimP2 T 70— e e :
300 s — | WTrigger - :

2405
220F
200F
180}
140F

120F . 1501 e - -
100 ............ - B 7 30 I ......

80 ;_ ........................... ............... - ; 100 - ............................. —
| — S —— E - .

PS5 N B ER I L
20 ;_ ............ ................................. _; N

Entries 252 1

250 E_ ........................... . ‘":a;FLI_I?_IJ‘m_E

01367 [] - N ol
1 (|| E— S S——————— Meanr-
L StdDey 0

1| ER——— ......

200 : ............ _ .......................... _:

] —— ......

pJ| | E—— ......

.......... _: 10 :

00005 001 0015 002 0T Y ~ By T —
—> 1.2% of all 18 MeV —> 1.5% of all 18 MeV —> 0.35% of all 18 MeV
gammas lead to trigger gammas lead to trigger gammas lead to trigger

Gamma rate _ RAW RATE
—> 12 kHz (on full solid angle) LIPON/ 2uA (#418137)

—> 180 Hz in CDCH single
—> 140 Hz in TC single
—> 42 Hz in trigger

CDCH trigger: 1.6 kHZ
TC single: 580 Hz
« Michel »: 66 Hz
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Observables from data

Data

Angular opening between e+ and e- [deg]

220 __..{ ....... T  pvren I ...... T T \prrren 1 .......  prvveen T T HAnénlal‘Op‘enIﬁg_:
200 .
180
160
140
120
100

801

60

40
20

EPC

Angular opening between e+ and e- [deg]

240 Lo T | BAngularOpening o b T MAepekeOpontey |

Entries 1621 Entries 377
220 | .................................... ................................ Menn ................. 1318 l\{Imn 3213
200 : i

180
160+
140F
120F

100

50

P

30

20

...........................................................................................................................................

llllllllllllllllllllllll

wofl S B

I_III_II —1 1l

N .
100 150 200

80
60F
40
20
0
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Angular opening: data vs MC

LiPON data - 2. 1M events - 02/22 - All statistics from 22 hours of non-ZS LiPON data

- - 1 " ' |HAngularOpening [
220:_ — Data l%ntries pe126§ N
2001 — MC (EPC+IPC)|" r;::a;e‘ ............ ;:i;) E
180 ;__ SV SRS S ——————S. S————————— =
160;
140F
120F ~ . ) i
100E 1 —% Data consistent with a mix
80E E of EPC and IPC (~50/50)
60 =
=1PC -
L e W ——
20; .........................................................................................
00

Angular opening between e+ and e- [deg] . .
Potential solution

- A fraction of pairs at large angles are | . |
artifacts from reconstruction (two pieces ——¥ Request 1 particle US and 1 particle DS

of tracks seen as opposite sign) —% Work still ongoing
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