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The dark matter problem

VELOCITY IN PLANE OF GALAXY (km s")
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In 1930s studies of galaxy clusters Zwicky < Gravitational lensing shows that dark matter
found no clear mapping between angular has a low self-interaction cross section
velocity and mass PRI
By the 1980s there was a large body of s | '
evidence showing the same effect

Pink = “normal”
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Rubin, Ford & Thonnard Jun. 1980 doi: 10. 1086/158003
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0 . 10 . 15 20 25 X-ray: NASA/CXC/CfA/M.Markevitch et al.; Optical: NASA/STScl; Magellan/U.Arizona/D.Clowe et
Dlstance from galact'c nucleus (kpc) al.; Lensing Map: NASA/STScl; ESO WFI; Magellan/U.Arizona/D.Clowe et al.
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A particle physicist’s reasoning

* The standard model works really well!

« Everything (that matters) is particles
*  What if dark matter is particles too?

Zoo W CERN & FERMILAB

FPARTICLEZO

ANTIPARTICLE ANNEX

Why an annex?

CONTACT ‘ BLOG Parti

At first, we put the antiparticles in the Zoo with the rest of the particles but strange
explosions kept happening. In an instant, all the leptons, quarks and nucleons had
been annihilated along with the antimatter. So we discovered that if we kept the

antiparticles in a separate annex, the Zoo remained peaceful

POSITRON ANTIPROTON ANTINEUTRON ANTIMUON

ANTIUP ANTIDOWN ~ ANTISTRANGE ~ ANTICHARM  ANTIBOTTOM
QUARK QUARK QUARK QUARK QUARK

ELECTRON- MUON- TAU-
ANTINEUTRINO ANTINEUTRINO ANTINEUTRINO
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forever with the
down quark.

DOWN
QUARK

A tiny little point
inside the proton
and neutron, it is
friends forever with

UP QUARK

A teeny little point
inside the proton and
neutron, it is friends

v o ? TOP QUARK
) CHARM This heavyweight

b ﬂUAR.K ’ ' champion doesn’t

A charming second S % live long enough to
generation quark. ) . make friends with
anyone.

BOTTOM
QUARK
This third

generation
quark is puttin’
on the pounds.

What's so strange
about this second
generation quark?

the up quark.
ELECTRON- MUON- .II;AEliI.ITRINO
NEUTRINO NEUTRINO He's a tau now,
This minuscule bandit Like the other 2 but what type (;f
is so light, W neutrinos, he’s got neutrino will he
he is practically e an identity crisis w ol he next?
massless. F: from oscillation. \ /

ELECTRON

this negatively
charged, busy li’l
quy likes to bond.

[
-
o

HIGGS BOSON
He's the one everyone
wants to meet and now
we've seen his signal from
years of data at the
experiments at Fermilab
and CERN. You'd be
smiling too if everyone was
looking to interview you.

DARK FERMIONS
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A familiar friend,

MUON
A “heavy electron” who
lives fast and dies young.

TAU

A “heavy muon” who

is beautiful just
the way he is

W BOSON

PHOTON GLUON

The massless The “glue” of Z BOSON
wavicle we the strong As the carrier particles of the weak
know and love. nuclear force. nuclear force, they are downright obese.




The dark sector

Standard model
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Assume dark matter exists in secluded «“dark

sector”

Interacts with standard model only through

exchange of massive “portal particle”

If the particle has spin 1, it’'s known as

«dark photon” - «<A’/X/---"
SM-A’ coupling € < 1 = hidden

Portal —_ A’ Dark fermions
i R
wig|

Dark sector

Quarks

Leptons

DARK FERMIONS?7??
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DOWN
QUARK
A tiny little point
inside the proton

UP QUARK

A teeny little point
inside the proton and
neutron, it is friends
forever with the
down quark.

~ %< TOP QUARK
This heavyweight
champion doesn’t

live long enough to
make friends with
nyone.

CHARM

QUARK

A charming second
generation quark.

BOTTOM
QUARK
This third

il STRANGE
QUARK

o What's so strange generation

and neutron, it is = 3 o
n _ about this second quark is puttin'

friends forever with generation quark? on the pounds.

the up quark. ) i

TAU-

ELECTRON- MUON- NEUTRINO
NEUTRINO NEUTRINO He's a tau now,
This Ti:uscule bandit Like fhe other 2 but what type (;f
|ss? igl t,. w neutrinos, he’s got g neutrino will he
he is practically VS an identity crisis g be next?
massless. \ B / from oscillation.

| ELECTRON
/A familiar friend,
this negatively

charged, busy li’l
guy likes to bond.

HIGGS BOSON
He's the one everyone
wants to meet and now
we've seen his signal from
years of data at the
experiments at Fermilab
and CERN. You'd be
smiling too if everyone was
looking to interview you.

MUON
A “heavy electron” who
lives fast and dies young.

TAU

A “heavy muon” who
could stand to lose a
little weight.

W BOSON

PHOTON N
The massless The “glue” of Z BOSON
wavicle we the strong As the carrier particles of the weak
know and love. nuclear force. nuclear force, they are downright obese.
Dark
Photon???




PADME production mechanisms i

Production: Positron Annihilation
Centre of mass energy /s ~ 20 MeV

«  Vector portal production at PADME: e A’
* Associated production: et
ete” - yA
- Nominal process in PADME Runs 1 & 2 A
- Useful if you don’t know M 4
e et Y

22/11/23 Elizabeth Long - PhD Seminars




PADME setup: Runs 1 and 2 ﬁ
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100 um Active diamond Target luminosity monitor

Nominal A’ signal: 1 y in BGO Electromagnetic Calorimeter (ECal) & nothing elsewhere

Dipole magnet

Vacuum vessel

e* high energy

~4.5m

e* veto eam monitor
e* N ___.__:'_‘:':i ______________ =
beam l —
Ac;:llllllllllllllllllllll ) l
target  e-veto ECAL
>
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PADME setup: Runs 1 and 2

*  Main background avoided by:

» Plastic scintillator bars as , in
combination with SAC

* Symmetrical bars, numbered 0-96 from target to ECal

AI

e* high energy

Dipole magnet

ar bl Vacuum vessel eam monitor
ESENEEEEEENEEEEENEENSR [7
ﬂu sac
e* & _____::::f ____________ __Y_
beam ;‘ %
Active EEEsEEEEsEEEEEEEEEEEEE [
target e~ veto ECAL
<€ >

~45 m
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The ATOMKI anomaly: 2016 - 2022

 Collaboration at ATOMKI institute in

Hungary studying IPC decays of

Phys. Rev. C 106, L061601 1 E PCC B Mas Confid:
3 8 4 12 - T A8 p - ass onfidence
excited éBe (2016)/*He (2020)/ '2C (2022) EE o "B(p, o) C a\%v (kW) x10 X107 (MeV/) |
. 2 50 b).: E = 110 MeV 510 25(3) 6.2(7) 17.01(12) [7.30
nuclei b s orE todiey [[[610 100D 41(6) 165516) 060
Sk o puai d:E=0.80 Mev || 900 11(11) 5(20) 16.68(30) 8901 |
: : 3 Averages 5.1(13) 16.94(12)
Y __ 300
Found anomaly compatible with new P — o e AT
particle of 17 MeV mass N —
i E ]
a0 B *H(p.e*e)*He
i T - g E,= 510 keV
§ 550 E P
g 500 E,=1.88 MeV. 2 é’
8Be* + :E 0 »t e
(A § 400 £ g
(( N * & B i_ | 1 | !
E I e 40 140 160
v 0 — U S PhysRevLett116.042501 o (g Ej= 610 kev
§ 300 |- £ =210 Mev Full POF
g £ LA ceees PDF
N 20 f Sty
2 o - EPC E, B. Mass Confidence
& 200 f o Senal MeV) X10°_(MeV/)
, 150 T1(6) 16.81(15) 30
170 (7) 16.93(8) | 7o
1.88 3.9(7) 17.13(10)/ 8
ATOMIUIPAR g 210 4.9(21) 17.06(10) 3
s SPECTROMETER ol Averfiges (3) 17.03(11)
7T : R Previous [14] 58  16.70(30) L
p Ll 8 0 Bewmad s ST e s L L DTS Previous [28] 5.1 16.94(12) 40 50 60 70 80 90 100 110 120 130
/7 Be 90 100 110 120 130 140 150 1;‘0@99:::3) Predicted [30] 3.0 ] PhVS.: Conf. Ser. 1643 012001 O (degrees)
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https://doi.org/10.1088/1742-6596/1643/1/012001
https://doi.org/10.1103/PhysRevLett.116.042501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.106.L061601

X17 signal: Bhabha scattering

« If a new neutral boson X exists and decays to e e~, must be producible in ete™ - X

« InSM, et e~ - e™ e is known as Bhabha scattering

« Two SM channels: S-channel and

22/11/23
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X17 production

 Production cross section is non-negligible only around /s = My
» Kinematic profile for e* e~ - X — e™ e™ identical to that of S-channel Bhabha scattering
 Expect increased N(ete™ - et e™)

e e € € e e e e~
)i X B
+ Y + =
?
€+ €+ €+ €+ e-l- m €+ e-‘_ 6_‘_
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Bhabha scattering: Inclusive of Dark Sectors

: : ve \2 1MeV
*  Cross section should be big enough to observe at Nect 2181077 x () ( — )
PAD M E L. Darmé et al Phys.Rev.D 106 (2022) 11, 115036 10.1103/PhysRevD.106.115036
¢ ~ 1000 X17 producible per 101° PoT (24 hours in g F ool
Run 3) 1&1011%— —  S-Channel
« Fixed target = strong cut on T-Channel Bhabha 10“,;
* (Doing this measurement at a collider would be :
really hard!") 10°)
¢ Thus a thesis was born! i
108
e~ e~ e e e~ e~ e e 1o ;—
X 6 i \—I—.\.\%‘—‘
! + 7 + = b=
: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.01

0.04 005 006 007 0.08 0.09 0.1
Op,s (rad)
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https://doi.org/10.1103/PhysRevD.106.115036

Bhabha at PADME ﬁ

22/11/23

Charged particle final states -> use charged particle detectors == vetoes

e* high energy

Dipole magnet

e#
eam monitor

% Vacuum vessel
e* veto

|

L

beam 7
AC;:l EEEEEEEE NN NN EEEEEEESE

target - veto

<€ >
~ 4.5 m
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Bhabha at PADME ﬁ

« Charged particle final states -> use charged particle detectors

« Vetoes designed to detect Bremsstrahlung positrons
« Bhabha kinematics # Bremsstrahlung kinematics

22/11/23

Event Fraction

<

c
9o
8 Bremsstrahlung ee+
w !
g
I
1072 -
i Ll ! Lol
0 0.1 0.2 0.3 0.4 0.8 0.9
0 (rad)
S-channel = 6 E = 0
= 0, = 0,
€ €

ool b b e i
0.5 0.6 0.7 0.8 0.9 1
0 (rad)

)
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Bhabha topology ﬁ

Bhabha kinematics # Bremsstrahlung kinematics
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Looking at Bhabha topology, select based on ChID sum

EVetoChID

0p Entries 235062 Bhabha MC
H Mean x 71.6
80 [l Meany 50.2
[1Std Devx 14.19 =
H StdDevy 14.92 -
70—
60—
50— -
40 =
- - L
30~ ] i
- =
20-= -
10— = "
- - -
07\\\\\\\\\\\\\\\\\.\\r\\q.\hww
0 10 30 40 50

PVetoChl

—400 3000

#Events
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0\\\'\\1\\1111
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90

Bhabha MC

120 130 140
PVetoChID+EVetoChID



Bhabha signal ﬁ

with cluster in each Veto within 5 ns
* Events with ChaSum = (PVetoChID + EVetoChID) < 90

 Select events

are combinatorial background

#Events

2500

2000

1500

000

500
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3000—

x10°
2 [

[ Bhabha MC E’ o Data
r = or 5k PoT/bunch
L 40—
C 3—
L 1—

111 | \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

70 80 90 100 110 120 130 140 %0 70 80 90 100 110 120 130 140

PVetoChID+EVetoChID
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Backgrounds to Bhabha

«  Backgrounds:
: et from Bremsstrahlung with un-related in-time cluster in EVeto
— Search SAC for cluster with PVeto cluster

* Beam background: particles not from Target which enter Vetoes
- Subtract no-Target data set

0
§2) Q 2
= [ =4
& 3000[— BhabhaMC | = 1800 — No Target MC
o = — w — .
= - UL * F In time Veto clusters
- L 1600 —
2500{— r F
r 10001~ 1400~
2000[— 800l 1200/
: r 1000
1500— 600/— -
C - 800(—
1000/ 400 600
F r 400~
500{— 200— =
L C 200
0711111_11\\\\\ %f“‘“““‘“““‘“““““““““““I v v b b b v b by s
70 90 120 130 140 0 70 80 90 100 110 120 130 140 %o 70 80 90 100 110 120 130 140
PVetoChID+EVetoChID PVetoChID+EVetoChID PVetoChID+EVetoChID
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Data-MC comparison
* Acceptance is calculated from MC 2f
« NSignals/NPoT 150
« Integrating ChaSumz= 90: N
* NSignals Data = 46,148 .
* NSignals MC = 48,240 oo
«  Cross section given by: i 05
S 13
= Npo ice Wyzepa ¥ 10°° PP
€055, ..
90 100 110

NPoT = 1.03188x1010
Acc = 0.0013

Ac = 12

Ny = 6.022x10%

Zc = 6

p =3.2g/cm3

d = 0.0097 cm

22/11/23

jay
o
w

Data

o(ete” = eTe™) = (3.90 & 0.030444¢ £ 0.39,,,) x 10'* pb

Geanta

olete” = ete )ga = (4.078 £ 0.0288514:) x 10! pb
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120 130 140
ChPVeto+ChEVeto




Interpretation for new physics

e No excess = 90% exclusion limit

* To be competitive, total error on
measurement needs to be O(1%)

« The difficulty of measuring NPoT & lack of =

invariant mass reconstruction led to
modified setup for Run 3

22/11/23

Lepton couplings only

5% systematic error

10731
KLOE, 2015

[ uny ‘Jnavd

Only 0.5% stat error

1 IIuny ‘INavd

N
&

4 uwwﬁwww AG4, 2019
10 Elq; :

Fx

i
14 15 16 17 18 19 20 21 22
My [MeV]
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PADME Run 3: the comb (energy scan) ﬁ .
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Production cross section increases very sharply at
resonance - \/s & 17 MeV available only at Frascati!

Scan E},,, = 260-300 MeV in steps of ~0.7 MeV
Need only ~101° POT per point

Signal should emerge on top of Bhabha BG in
multiplseoc‘g)oins around one point of the scan

4750
2 4500
<
& 4250
& 4000
> .
23750 Bhabha scattering
(e}

+ 3500
<3250

3000

-~ Sig + Bkd
Em Sig.+Bkd,

270.0 276.0 282.0 288.0 294.0
Es[MeV]

>WWA/

e

bl

gv&

Lepton couplings only

10—3 ]
KLOE, 2015

10_4 7 El41

1l uny ‘INAVd
Il uny ‘Inavd

i

-

14 15 16 17 18 19 20 21 22

My [MeV]
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Conclusions

PADME was designed to search for dark sectors, but has proved capable of performing SM
measurements as well

Bhabha cross section was successfully measured in agreement with the SM v/
Run 2 setup not optimised for X17 X
~ Improved setup for Run 3, based partly on this work ¢/
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Thank you for listening...
Let’s turn on the dark!
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PADME production mechanisms i

Production: Positron Annihilation
Vs =~ 20 MeV

»  Vector portal production at PADME: Al

« Associated production: ete™ - yA’

22/11/23 Elizabeth Long - PhD Seminars
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Bhabha analysis

Bhabha kinematics # Bremsstrahlung kinematics

~ no 1-1 relation between ChannellD and Bhabha particle
energy & no way to select E + + Eqo- = Epeam

e* veto

L

Dipole magnet

—_—

target - veto

beam I
Ac;v_:L AR R R R EREREREEREREREEREENEREDN

e* high energy

22/11/23
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ParticleEnergy (MeV)

N
o
=]

()
a
=]

)

%2/ ndf 3.257e+08 / 5040
a 0.03794 = 0.00047
b 0.9117 = 0.05615
24.66 + 1.583

W
[=]
=]

250

200

150

100

50

Positron Energy (MeV)

N
o
S

()
a
=}

Entries
Mean x
Meany
Std Dev x
Std Dev y

235062
70.5
270.7
14.77
68.95

W
o
[=}

250

200

150

100

o
o

F

- —200

- —180

o
OTTTTT

L o1
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Energy scan
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First dipole and collimators select energy
* dp « collimator aperture

Correct the trajectory using second

dipole to put the beam back on axis at

PADME

Closed collimators:

-> low energy spread -> excellent invariant
mass resolution

-> low beam multiplicity -> low pileup ->
excellent event separation

=

I Ngc!‘ Mass Scan - g, = 1e-4
55 106 L

10°E
107

10k

N
e

First dipole

Large spreadbea\
from Linac

Second dipole

PADME

TIMEPIX mm
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Data Taking: Runs 1 and 2

22/11/23

Two runs in three configurations between Sept. 2018 and Dec 2020

Acquired luminosity > 1013 PoT

Detailed MC simulation of beamline quep os 2022, 233

- Run 1a — Run 1b —

2400

beam improvements reduced pileup in detectors

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

0 1

0

e
5% 88 58 38 sunan

PADME preliminary

normalised to 1.6-107 PoT
normalised to 1.6-1070 PoT

normali to 1.6-1010 Pol

25 kPoT
545 MeV
250 ns bunch

25 kPoT
490 MeV
250 ns bunch

Run 1
secondary beam

Runt
primary beam

ved mylar window 280 ns bunc

il

100

1 i Lt i
200 300 400 500 600 700 800 900 1000
Ey1 + EyZ [Me\/]
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10.1007/JHEP09(2022)233

The Vetoes

«  Two sets of 10x10x178 mm plastic scintillating bars:
e In 90 PVeto bars and 96 EVeto bars

* Between Run 1 and Run 2, preamp boards of 4 central
EVeto channels stopped working so were disconnected

 Detectors are inside vacuum chamber, inside 3.6 kGauss
B-field
¢ Channels are numbered 0-89(95):
* channel o closest to Target
* channel 89(95) closest to ECal

- Energy of Bremsstrahlung e* increases quadratically
with channel number
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Bhabha topology

22/11/23

Bhabha kinematics # Bremsstrahlung kinematics

~ no 1-1 relation between ChannellD and Bhabha particle
energy & no way to select E,+ + Eo- = Epeam

EVetoChID

Average clusters per bunch

[ Run 2:

= N
) N o

[~ 5k PoT/bunch

Looking at Bhabha topology, select based on ChID sum
0 \—4\‘\‘44—‘—0—0—o—¢J —‘MHH\HH
90 0 10 20 30 40 50 60 70 80 90
H Entries 235062 Bhabha MC 400 % - Bhabha MC PVetoChannellD
H Mean x 716 o 3000 -
80 [l Meany 50.2 = I# B
[1Std Devx 14.19 L -
H StdDevy 14.92 - *
70— 2500 —
60— - B
C 2000—
50— - B
= 1500/ —
40— = -
30k ] i 1000[—
20 E. - B
E - 500—
10— = B
0 :\ L1l ‘ L1 1 ‘ L1 1 ‘ L1 .\ Il r | .\ h L1 0 B |- I I | \ )
0 10 30 40 50 70 80 920 120 130 140

PVetoChID

PVetoChID+EVetoChID
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Bremsstrahlung background
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contains beam background

Subtract time side-bands

—_
o

(e

AT(PVeto-SAC) (ns)
()

IN

N

"700 800 900 1000
EPos+ESAC (MeV)
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«“Pure Bremsstrahlung” background

Take time side-bands, divide by 6 and subtract from in-time distribution:

°
==  Side-Bands
2 @
& Data g 80 Data
2500 . o .
£ In time Veto ES In time Veto clusters
clusters 70 Out of time SAC
400 In time SAC cluster cluster
Good energy sum 60 Good energy sum
50
300
-—

200

100

\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\

v v P b P b b b

30

20

H\‘\H\‘HH‘HH‘HH‘HH‘HH‘HH‘
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130 140
PVetoChID+EVetoChID

ol b b b b b by |
70 80 90 110 120 130 140
PVetoChID+EVetoChID
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400
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Systematic errors

Error on NPoT ~ 10%
Error from

Target density ~ 2%
Target thickness ~ 1%
Error from

Beam energy < 0.5%

%) ;
&
P ; PADME Preliminary 1
E 1
O
0.8
= I
C 1
0.6 I
L ® Beam hitting two strips
0.4 /f[\
: [ \y Beam hitting trip
0.2 L r

A b b b b b b b L a1
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Multiplicity Calo[#e-]]

Ratio Bhabha/Bremsstrahlung

eliminates Target uncertainties

Data MC Ratio
Bhabha 46,148 + 354 | 48,240 340 | 0.957 & 0.010
Bremsstrahlung | 60,376 + 161 | 65,789 + 153 [ 0.918 + 0.0033
Ratio | 0.764 + 0.0062 | 0.733 £ 0.0054 | 1.04 & 0.011

22/11/23

Elizabeth Long - PhD Seminars

#Events
N
o
o

1200

1000

[} ®
=} =}
=) =)

N
o
=]

U‘i‘\\‘\\\‘\\\‘\\\‘\\\‘\\

200

o(e*e’— e*e) (pb)
@ © IS IS IS IN IS
© © o o - - n
o (5 o (5 o (&) o

w
®
o

w
®
o

Mean
Sigma

%
Constant

Data

1387 + 10.1
-0.1451+0.0134
1.187 = 0.027

5k PoT/bunch

R \ [ ! ! \
4 -3 2 1 0 2 3 4 5
AT(PVeto-EVeto) (ns)
10°
F —~ Data
E -~ MC
P I I B B B S I N I

94
StartBin




New physics model

* No excess = exclusion limit 1o

*  Production rate (assuming width of resonance
is negligible compared to of): to?

2
gv. NadpZ
NA’ = NPOTTT‘;;Tf(ETeS’E—F) 1078
_ _ (Bres = E4)?

f(Eres By ) = V2roE exp{ 20]2,5 } 10

* Assuming 10% error — 5% error (cf yy
PhysRevD.107.012008), max no. A" accepted to agree
with SM, at 90% CL:

N4 < 1.35 % 0.05 x N

22/11/23 Elizabeth Long - PhD Seminars

—— 5% systematic error

— 0.5% statistical error

20.6

208 21 212 %/IL.,A‘[MeV]
e N4 = No. A’ produced
e gy. = A’-e coupling
e d,p, 7, A = Target parameters
o ..o = Mi,/2me = resonant energy
e F, = positron beam energy
e op = beam energy spread
o N4 = No. A" accepted

o N4 = No. SM ee accepted



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012008

Bhabha time of flight correction

e AT(PVeto — EVeto) = f(ACh(PVeto — EVeto))

#Events

-

0.5

22/11/23

AT(PVeto-EVeto) (ns)

[ #2/ndf 3.569¢+04 / 269
Heo  -t.s2e-07 5475008 Bhabha MC
[Pt 7.565e-06= 0000126
[ r2 0.03607 = 0.003649
[ 3 -0.04378 + 0.04776

clev e b b b b b L L g 0
0 10 20 30 40

PVetoChID-EVetoChID

15

10
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Bhabha time of flight correction

Data
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Bhabha time resolution

Y Position (mm)

» Data-MC difference comes from:
* 0.5 ns Veto time resolution
* 2.7 ns decay time of re-emission light in waveguide in Veto bars
* < 0.95 ns propagation time from top of bar to SiPM readout at
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Bhabha time resolution
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Brem-Bhabha difference comes from:
* Two Vetoes, not one Veto + fast SAC
* Larger angle Bhabha particles = fewer hits
per cluster = average of emission times
more variable
Simulating SAC resolution as Gaus(0,0.15)
ns, Veto electronic resolution as Gaus(0,0.4),
Veto propagation time as U(1,-1) ns and
emission time exp(—1/2.7) ns

Assuming two bar PVeto Cluster
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Background subtraction

*  Full Target data -
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- no-Target distribution

Bremsstrahlung is auto-scaled

No-Target distribution scaled to integral of first 10 bins (ChaSum = [60,70]) in full Target data
- If done successfully, final distribution will have ChaSum = [70,90] at 0 as well

#Events

x10° . X0
51— . —«—  hinTimeChaSumData € 4
B poit @i 25—
- a4 + —— hNoTarChaSumData ** -
N sttt 4 C
- + + . +4
- boay 4t =
T W 2/ +
B i 44 L ;
- ¢ \ + = ++
L + N - ++
3— ' b ', 15— H
- K N + B * H+
u L + + +
- + L4 ¢ [ +
N ) + L ++
B ' Y ' 11— +
2 j ¢ *4, ’0 = ++++
+ Iy + - +
- . . H‘ + - ¢+
L . R /
~ 0’ ¢ ‘“¢ ”N” 05— + **“*+‘¢
11— ot ¢ ¢ B *e
- ..o.o*‘o"““ Sogeet, ”n. B +4+ "'0.
e ..o“ e, ¢ - 4+ 4t e
T “"::: . OE«.».MM@*%#N*# e .
..\. L1 ‘ I | ‘ I | ‘ I | ‘ L1 1 ‘ I | ‘ I | ‘ I | :k | | LIS - | I | L 111 ‘ I ‘ L1l | L 111 ‘ I ‘
%0 920 100 110 120 130 140 60 70 80 90 100 110 120 130 140
ChPVeto+ChEVeto ChPVeto+ChEVeto

Elizabeth Long - PhD Seminars



Data-MC comparison

* Acceptance is calculated from MC
* NSignals/NPoT
* Integrating ChaSum= 90:
* NSignals Data = 46,148
* NSignals MC = 56,934
* Ratio = 0.81
« Same deficit found in Bremsstrahlung

* Points to similar experimental error in both
measurements
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Bhabha 46,148 + 354 | 56,934 & 402 | 0.811 £ 0.0082
Bremsstrahlung | 60,376 + 161 | 77,644 + 181 | 0.778 + 0.0028
Ratio | 0.764 + 0.0062 | 0.733 £ 0.0054 | 1.04 £ 0.011
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Target uncertainties

« At 28k (for which Target is optimised), NPoT error is ~5% (cf yy PhysRevD.107.012008)
« Target thickness 97 um average, with 1 um roughness

*  Graphitised strips 5-10 um thick per side = 10-20 um total
*  Graphitised strips reduce Target density from 3.515 g/cm? to 3.2 g/cm?

22/11/23 Elizabeth Long - PhD Seminars

L



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012008
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LEP measurements
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Searching for internal structure of electron

Table refers to L3 at LEP

Luminosity measurement was small angle Bhabha = table implies: assuming no new physics

at small angles, wide angle scattering also agrees with SM

Vs’ [GeV] (Vs [GeV] N, a + (stat.) £ (syst.) [pb] a,8°™ [pb]
<60 52.0 152 4494 + 35.1 + 202 4237
60 — 68 64.5 153 2583 + 235 + 125 285.1
68 — 76 725 335 2315 + 132 + 74 238.2
76 — 82 792 594 2355 +93 £ 55 2239
82 — 85 83.7 575 2240 + 106 + 59 246.0
85 — 87 86.1 622 3000 + 126 + 8.1 297.6
87 — 92 88.3 169 4839 + 37.1 + 132 4715
92 — 105 96.9 36 117.6 + 169 + 83 1014
105 — 130 118.4 68 76.1 + 78 + 3.7 63.5
130 — 160 148.2 70 340 £ 50 £ 23 413
160 — 175 167.1 82 335+ 36 +£21 325
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Data collected

«  Collected ~101° PoT per point at:

5 points below resonance
1 point above resonance

47 points around X17 resonance

* Using kinematic relation between E}, and 6,

-> very good signal-background separation
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Expected limits

Vector X17

PADME limit aim

Phys.Rev.D 106 (2022) 11, 115036

Pseudo scalar X17
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