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The Dark Matter problem

Evidences:

¢ spiral galaxies

e Cosmic Microwave Background
e gravitational lensing

e galaxy clusters

¢ Big Bang Nucleosynthesis

e large scale structures

Craple Mkieea
V7

Wark Energy

Properties: Open questions:

e stable (half life ~ universe age) e DM nature

e cold (non relativistic) e interaction(s) w/ SM

e gravitational force e A whole new dark sector?
® NoN baryonic e dark sector forces?
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Dark Photon

Possible solution to the DM elusiveness:
DM does not interact directly w/ SM, but only by

means of “portals”.

The simplest model
adds a U(1) gauge
symmetry and its boson:

Depending on the model, the A
could (partially) explain the (g-2),

discrepancy and the ®Be anomaly -

(see backup)

Exclusion plot assuming as A
model the one presented above
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Dark photon production and decays

In et/e- collisions Dark Photon can be produced in 3 main ways:

4 e- As )

et Y

_ Annihilation |

Visible decays

4 N )

et N 4 AN A

\\ rlo,n,...F /'
N e+/- \\JV\/VV\/\/\/\ Y

bt
q\% Mesons dec. (after production),

_ Bremsstrahlung |

Invisible decays

It DM particles w/ mpm < ma/2 do not exist: |t DM particles w/ mpm < ma/2 exist:

» A'—SM (visible) decays o« A'—=DM (invisible) w/ (likely) BR = 1
* up to 2my, BR(ete") = 1 (if ma > 2me) e SM decays suppressed by a factor €2
A’ lifetime proportional to: A’ lifetime proportional to:
1/(ae2mp) 1/(apma) 4/28

ap: A’ coupling constant to the Dark Sector
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The PADME approach

A’ search in ete- annihilations looking for missing mass
(invisible decay) in a kinematically constrained condition

MMiss® for different M,,

C [ B A'mass= 22 MeV
C | (I A'mass= 20 MeV
600 —| [ A'mass= 18 MeV

L | ] A'mass= 16 MeV
_ ECAL ” | ] A'mass= 14 MeV
e 500 — | [ A'mass= 12 MeV

- | I A =10 MeV
(target) | B maso s MoV
Y , 400 —| () A'mass=6 MeV

e+ N B A mass=4 MeV
___________ C | I A mass=2 MeV
(beam) I --------- > A o

(missing energy) 200;

100

IR P g, T |y P
0 100 200 300 400 500 600
MMiss? (MeV)

e known beam energy and position

2\ e = i, 2
e measured photon energy and position MPuiss = (Poeam + Pe - Py)

* minimal model dependent assumptions: A" couples to leptons
ecan set limits on coupling of any new light particle that can be
produced in ete- aﬂnihila’[iOﬂ:(Dark Photon, Axion Like Particles, Dark Higgs)”28
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The detector

active target (high energy) e*/e” veto small angle calorimeter
e diamond (low 2) e plastic scintillator bars e 25 3x3%x14 cm?3
e 100 um thickness . PbF2

¢ info on beam time,

e 0-20 mrad ang. cov.
sSpot size, et number

e fast: 3 ns Cher. light
signals

electromagnetic calorimeter

e 516 2.1x2.1x23 cm3 BGO

e cylindrical shape w/ central hole
e 20-95 mrad ang. cov.

¢ (1-2)%/\E

A—— * slow: 300 ns dec. time for scint. light

e 550 MeV

e 5000 et per bunch
¢ 40 ns bunch,
every 20 ms

MBP-S dipole (upper part not shown)
e 05T

e 1 m lenght. x 23 cm gap
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ew

CAL overv

Required characteristics:

616 BGO 2.1x2.1x23 cm3

= (1-2)%/\[E(GeV)

e good light yield

e containment
e cluster time resolution < 1 ns

e angular resolution = 2 mrad

.OE

@ 3m from the target

PADME E-Cal

,,,,,

,83] mrad

e angular coverage: [20,93] mrad

e angular acceptance: [26

e central hole for brems. to SAC (faster)
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Crystal procurement

L3 half-endcaps where crystals are... ...taken
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Crystal optical properties

After crystals selection the following steps are executed:
e Photosensor removal (mechanically after 48h in acetone)
e Paint removal (with water)
e [ransmittance measurement
e Annealing
¢ Tamb — 200 OC N3N
e 200 °C for 6 h
e 200 °C — Tamp “natural”

e [ransmittance measurement

Everything is performed at CERN at LAB27
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Transmittance before annealing
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Transmittance after annealing
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Crystals cut and polished at SILO (ltaly)

They produced identical parallelepipeds starting from different truncated pyramia
shapes (L3 endcaps geometry was pointing)

[7/0.025
(// 0.050 |A|  REMOVE SHARP EDGE (ALL) WITH CHAMFER 0.4x45°

/7]0.025
[ [0.050/A]

21 +0.05

| [0.050[A]

[710.025

] | = .

anarit
. L | // Parallelism
Scale: 2:1 7]0.025

| Perpendicularity

21 +0.05 .

P1

0.4 R<004 MIRROR POLISHING x 5 FACES

|
I o.?zs - L [7[0.025
L[0.100 ‘i________________| | _______ | [L]o.050 AlB]

] "\ PHOTOMULTIPLIER
I CONNECTION FACE
| |

P2
f 0.4 Rt< 0.02

230 =0.1

Mechanical tolerances (more stringent limits are set for the square shape)

We performed a quality check at LNF on some crystals, to verify that
dimensions are within specification, w/ positive results 12/28
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We modified the mechanical design Typical gain curve
Gain
“ 1E+7 S— ,
—~—~—1 [ype B: higher
J I It
g / /1 B inearl
g 1546 e carity
G2 o 7
J S/
7
7
1E+4 / A
Typical spectral characteristics 1+ 800 1000 1500 2000
Vht
XP1911 v L L L
Sk (MA/W) . o L . . A =
Slightly modified divider circuit o
100 Wy
7 i E— ¥P1911 Type B T S1Q = 10nf
II \ ng_ D9 D10
\\ 5lQRlz[] Sk ngmg [§15 100k
D7 TH0K TH0K 820K 1N
}_TT_%_'%O =
10 \ 10Inf 1Iolnf J:Ielma %Ié;ﬁf
X 100nf =
\ g @
\ (%]
\
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XP1911
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PM s test

32 PMTs at a time were tested with a LED matrix (one per tube):
pulsing the LEDs we see if the PMT works and its response to the light.
If results are good, tubes are sent to SILO for gluing.

LED driver board

'3

Mechanics for PMTs test

14/28
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PMT results

Gain at 1680.0V

_IIII|IIII|IIII|IIII|IIII|IIII|III

Gain

Entries
Mean
RMS

648
5.413e+06
1.911e+06

Charge [pC]

IIIII||I|||||I||I||I|II|

o ———

IIII|IIII|IIII|IIII|II]III

950 1000 1050 1100 1150 1200
HV [V]
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Gluing and painting at SILO

* Glue: EJ-500

\ quida cristallo policarbonato

stampa 30

* 150

tubo anticorodal Diam 40x2

BGO holder

e Paint: EJ-510
e 3 layers of white paint (=100um)
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Scintillating Units (SU)

Maximum footprint after painting

<
Ry :
Currently we have 580 2.1x2.1x23cm3 painted and glued units at LNF
CERLLT 155

17/28



The LNF
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Beam Test Facllity (BTF)

PADME experimental hall be is the Beam Test Facility of the Laboratori Nazionali di
Frascati (~Rome, IT), the same place where the test beams have been performed.

Dedicated mode

W/ target W/o target

Particle species

et/e
selectable by user

25-700 (e*) | 250-730 (e*)

Energy [MeV] 1 25700 (&) | 250-530 ()
Energy spread 1%
1-49
Rep. rate [HZ] selectable by user
Pulse duration [ns] Se,eclégisuser
Intensity 1-1 .05 3 10
[particles/bunch] depeer?:rlgs on | 1910

Max average flux

3.125- 1010 particles/s

Spot size [mm]

0.5-25 (y) x 0.6-55 (x)

Divergence [mrad)]

1-1.5

LNF LINAC

[SPRS
S .
IS DY

erimental hall:

2

°* < 5.5 minlength

_— e < 3 min width
18/28
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Calorimeter prototype performance @ BTF

# Events

-

o
w
|

-
o
N

105

Charge spectrum

Energy resolution

5000 10000 15000 20000 25000

ﬂ 250 MeV e

30000

Charge (pC)

x2/ ndf 6.499/3
0.02013 + 0.001632
b 2.954e-05 * 1.306e-05
0.01152 + 0. 002914

—250 I\/Ie\/ e
2 45@ MeV e

A P P e i N P

200 300 400 500 600 700 800 900 1000 1100

Energy (MeV)

Linearity residuals

% i 25@ I\/Iev e
1'02'“ k 45@ I\/IeV e

HM{L

0 92 i | 1 | i | | | i | | | i 1 | 1 i | | | l | 1 |
T 200 400 600 800 1000 1200

Energy (MeV)

Linearity is within 2% up to 1GeV
(gain 5x109)

Energy resolution is within the
expectation, with reference to
the L3 experience

NIM A, 862 (2017) 31
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22Na setup

e A 3x3x20 mm3 LYSO crystal read by a SiPM is used as trigger

® 22Na source faced to each crystal, to exploit its y back-to-back emission: one
in the trigger, one in the SU

* 10 HV tested on PMTs: from 1100V to 1550V in steps of 50V

5x5 BGO matrix

22Na source

LYSO+SIPM, trigger

20/28
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Reconstructed spectra w/ 22Na source

arge is given by an integration window of 1 us (=150 ns pre-pulse), sampled at 1GS/s

hQCh24. X Tnar 1058725 2o/ nat 66.11/26 2/ ndr 52,58/ 25
Constant  224.3 = 5.6 Constant 2237 + 53 Constant 2288 5.6
Mean 1.845 = 0.049 Mean 2113 = 0.049 Mean 2.448 = 0.049

Sigma 2.41:0.04

Sigma___ 2.512 - 0.038

Sigma___ 2.471 = 0.040

7 7nd 1367719
Constant 3082 =72
-0.947 = 0.035

1.843 = 0.026

214552
3.797 = 0.051
2.586 = 0.040

2.561 = 0.052
2.541 = 0.043

o/t 7721
Constant 2923 = 6.5
Mean  3.548 = 0.037
Sigma 1.971 = 0.025

72 I nal 5385/21 3494721 Tnat 35.58/22 Eachio)

% *
Constant 32 6. Constant 2845 = 6.7 Constant  282.9 = 6.6
Mean 1.196 = 0.038 Mean  -1.609 = 0.038
Sigma___ 1.973 = 0.029 Sigma 2.009 = 0.028

526 P 855 T Tt ST
286 = 6.5 Constant 254 =59 Constant 6 10, 4422 109

4.472 = 0.039 Mean  0.9063 = 0.0441 Mean 002842 - 003030 -055047 + 0.0254

2.083 = 0.029 i 2472 = 0.031 Sigma 1305 0.021 12132 0,019

72 Tnd X
Constant  473.6 = 11.4
Mean  -1.993 = 0.024
Sigma___ 1.193 = 0.018

Constant 45872 11.0 Constant 4572 108
Mean 002163 = 0.02423 Mean  -0.06243 = 0.02404
Sigma 1186+ 0.017 Sigma 1,187 0.016

7t ©8.59/17 [kecn1) 2 It 57.06/16 2 It 7423716

T
%

Constant ~ 411.6 = 10.4 Constant 46752 1.1 Constant 4085+ 9.7
Mean  -2.146 = 0.026 0.2039 = 0.0234 0.5565 = 0.0280
Sigma___1.338 - 0.022 1217 0018

1365+ 0.020

Example of 22Na spectra at 1550 V

Counts

> 21/28
Charge € [0,140] p
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Gain curves w/ 22Na 511 keV peak

22 It 5862/6 2% It B444/5 22 It 266575
— Constant - 4,641+ 002665 — Constant - 4544 00306 = Constant - 4,061+ 0.04021
[T Slope 0.005488 + 1.83-05 g Slope 0005438 = 2.1e-05 g Slope 0.004834 + 2.753¢-05
c o 45 =]

25|
40| 40
35 20
30|
30
25 15|
20
20 10
15
10
10 5
5
0
HV HV HV

— Constant  -4.326 = 0.02041 — Constant - 4,683 0.02804 — Constant  -4.345 = 0.03263 — Constant - 3887+ 0.01774 Constant  -4.838 = 0.02789
Q 70 Slope 0.005558 = 1.414e - 05 Q45 Slope 0.005477 = 1.984e - 05 Q45 Slope 0.005248 = 2.225e - 05 13 Slope 0.005295 = 1.2de- 05 Slope  0.005416 + 1.911e- 05
<] <] S 40 s’

fit parameters

40 40

30 30

20 20

HV HV HV HV HV

72/ ndf
Constant 4,623+ 0.0302

2 /nat 947975 570775

72816 [gGain13] I 2 ndt 54275

Constant  -4.585 = 0.03076

I,unar 416.9/4 |§Gain10|

Constant - 4.826 - 0.04662

Q = const - (HV)slope

— Constant  —4.423 = 0.02242 — Constant  -5.186 - 0.04037 — —
Q45 Slope 0.005299 = 1.553¢—05 Q Slope _0.005469 = 2.731e—05 Q Slope 000528 = 2.112-05 Slope 0005169 = 3.158e - 05 3 Slope _0.005299 = 2.07e-05
=3 = 835 £ 35
S 4 o 25 <] <]
35 30 30|
20
30 25 25
25 15|
20 20|
20
10| 15 15|
15
= =
10 5 10 10|
5 5 5
ottt ottt ettt
1200 1250 1300 1350 1400 1450 1500 1550 1250 1300 1350 1400 1450 1500 1550 1250 1300 1350 1400 1450 1500 1550 1300 1350 1400 1450 1500 1550 1250 1300 1350 1400 1450 1500 1550
HV HV HV HV

1195/6
~4.958+ 0.0227

%2/ ndf 135777
Constant  -4.418 + 0.01267

%2/ ndf 2503/8
Constant  -4.375 + 0.01467

149177

4,538+ 001339

Constant  -4.639 = 0.06861

0.005509 + 1.589 - 05

Slope _0.005456 + 9.02

06

Slope__0.005656 + 1.033¢ - 05

Slope _0.005102 + 4.599¢ 05

0.005602 . 9538006 e
<1

Q(pC)

Fitting function

HV
2 Indt 195376 2 Indt 120777 2 Indt 1927 /7 2 ndt 7085/6 2 It 131977
— Constant  -5.259= 0.01854 — Constant  -4.448.+ 0.01525 Constant - 4517+ 0.01677 Constant - 4725+ 001891 Constant  -4.892.+ 0.01661
24 Siope 0005872 - 1.2980_05 g Slope _0.005367 - 1.07%6 05 Slope_0.005373 » 1111605 Slope _0.005398 - 1325005 Slope _0.005704 » 1.178005
o <]
40 40
35
30 30|
25
20 20
15
1 10|
5
FTTINI FAT PUT FIPPL TN P PO PO
1200 1250 1300 1350 1400 1450 1500 1550 1150 1200 1250 1300 1350 1400 1450 1500 1550 1150 1200 1250 1300 1350 1400 1450 1500 1550 1200 1250 1300 1350 1400 1450 1500 1550 7150 1200 1250 1300 1350 1400 1450 1500 1550
HY HY HY HY HY

Charge € [0,75] pC (depending on ch.)

> | 22/28
HV € [1100,1550] V depending on ch.
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Gain equalization

511 keV peak mean distributions

h[ 1450 V

L 1 1 1 1
3 0 50 60 70

>
Charge € [0,75] pC

Peaks distribution for fixed HVs

L HV = 1200 v

Equalization at 20 pC/MeV

= 1350 V

: v2 / ndf 2.345/5

\ Constant 5.565 + 2.128
- Mean 10.4 + 0.2

.

Sigma 0.7731 + 0.2982

t HV H{1500V

:j‘ 7 U 3 Aln’_l—‘s:w IT',I 75

21—

1=

O:I 1 1 1 1 L1 | 11 1 | 11 1 | L] 1 I L1 1 | | | | | |

-4 -2 2 4 6 8 10 12 14 16 18 2308

Charge [pC]
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Reproducibllity

For each SU of a group of 25 we performed 2 times the same HV scan
Relative difference of the 511 keV peak charge as a function of the HV
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Charge relative differences distribution

e | arger relative variations are due to small absolute values
¢ Measurements have been done in different conditions (daylight, black cover
positioning,...) that may have produced systematic variations

Average rel. differences histogram
*% 4— o Entries 25
3 L Mean 0.02768
- RMS  0.05993
3.5
3
251
21— 1T
1.5
11— e Slhnr Distribution of the
- averages (red lines)
0o of the previous slide
O:I L1 1 | L1 1 1 | L1 1 1 | | L1 | L1 | L1 | L1 1 | L1 1 1 | L1 1 1 | L1 1 1
05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5 25/28

Relative difference



PADME electromagnetic calorimeter - Gabriele Piperno - CALOR 2018

Calorimeter mechanical design

| 22Na movement
ECAL (BGO + filler) (calibration & transparency)

SAC

ECAL support

PMT enclosure

Support table

INnner support

Front/rear panels
(light tightness)

Support structure

26/28
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—CAL assembly procedure

Procedure:
— o first crystal bottom left
e complete first layer
® pblock layer with locking screws
e cqualize for different SU heights
® go to next layer

for each layer

front view

Ready for the assembly!
¢ 27/28
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Conclusions

e Dark Photon is predicted by many physics models, that could explain different
experimental results: Dark Matter, (g-2),, 8Be anomaly

* PADME is an experiment hosted at the Laboratori Nazionali di Frascati searching
for invisible Dark Photon decays

* The electromagnetic calorimeter is one of the most important components of the
detector and is currently under construction

e Calorimeter readout: 616 HZC XP1911 (PMTs) w/ =5% gain uniformity at nominal
HV

e Scintillating units
 very low threshold (= 0.5 MgV)
* good reproducibility w/ variations < 3%

e ECAL prototype
* energy resolution is compatible with the L3 results: 2%/,/E(GeV)

* good charge reconstruction linearity w/ variations < 2% up to 1 GeV 2828
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Dark Photon searches

f—
A1 @ MAMI
WASA @ COSY VERRII
n HADES @ GS!
Magix @ MESA
ATLAS, CMS, ALICE I I >
MiniBooNE @ FermiLAB @ LHC
VMAPS @ CESR NA64, SHIP, NA48/2, KLOE2 @ DA®NE Belle @ KEKB
PHENIX @ RHIC NAB2 @ SPS PADME @ BTF Belle || @ SuperKEKB
Mu3e @ PSI
BaBar @ PEP-II
APEX, HPS, DarkLight,
BDX @ JLAB

Publishing
Approved
Proposal

30



PADME electromagnetic calorimeter - Gabriele Piperno - CALOR 2018

BG0O emission spectrum
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Figure 1. Scintillation emission spectrum of BGO
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Visible search status

Technigues:

* pbeam dump (bremsstrahlung)
* A’ decay products detection after high z

detector

target (A’ production) + shield (SM absorption) < L !
Lo La
e fixed target (bremsstrahlung, 107
annihilation) 10-S
* bump hunt in invariant mass
spectrum, displaced vertices 107°
107’
* meson decay Y
e only if A’ couples w/ quarks 107°
 0ld experiments reanalysis 109
(g-2), excluded in the simplest 107"°
model, but still a lot of interest. B N
In particular the 8Be anomaly. 107° 107 107" 1
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Invisible search status

Technigues:

* DM scattering (bremsstrahlung)
* detect the produced DM by scattering
* needed 4 parameters (g,Mma,Mpwm,0p)

X X X
e RN 3 —r
> ,
A Y A/
7 p,n
Z

* MISSINg energy/momentum search

(loremsstrahlung)
* not kinematically constrained process
e observed energy/momentum smaller than
expected 10°

1072

* mMissing mass search (annihilation)
e Kinematically constrained process

107!

1072

w 10_3;

10745

my, <0.5MeV, ap = 0.1

BABAR 2017

* N0 assumption on A’ decay chain 107

107

10~"

' m,Gev) ]

Not directly
comparable
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Beam lest Facllity parasitic and dedicated modes

Parasitic mode Dedicated mode

(DADNE working)
W/ target W/o target W/ target W/o target
- - /e oer e+/e
Particle species © depending on
selectable by user DAGNE mode selectable by user
) 25-700 (e") 250-730 (et)
Energy [MeV] 25-500 510 25-700 (&) 250-530 (&)
Energy spread 1% @ 500 MeV 1% 1%
10-49 1-49

Rep. rate [HZz]

depending on DA®NE mode

selectable by user

1.5-40

Pulse duration [ns] 10 selectable by user
Intensity 1-10° 1-10°
particles/bunch depending on 107-1.5-1010 depending on 103-3-1010
energy energy

Max average flux

3.125- 1010 particles/s

Spot size [mm]

0.5-25 (y) x 0.6-55 (x)

Divergence [mrad]

1-1.5
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Detector top view (w/ signal)

Signal:
® single v in the calorimeter

¢ nothing in the other detector components

1

1008 (96x)

000000000000000

230
200

(D
—+ 260

T

200 | 1000

3m

[ILLLLALLAL

[TTLICLTEN
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Backgrounds

Largest backgrounds:
cere 2>y (Y
eetN =2 e+ Ny

* pile-up

— 2

. I\/Imiss no cuts
— 2
- WM, cuts

Backgrounds geometry

Annihilation (+ISR): et e = v v (y)

—_
o
~

Events/5 MeV?

—
o
(™)

10

-bOO -200 -100 0 100 200 300 400 500 600
Cuts: M2miss [MeV?2]
e 1 cluster in ECAL fiducial volume
® NO hits In vetoes
e no v in the SAC w/ Ey > 50 MeV
e 20-150 MeV < E, < 120-350 MeV (depending on ma)
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Sensitivity

Based on 2.5- 1070 fully GEANT4 simulated 550 MeV e+ on target events.
Number of BG events is extrapolated to 1013 e+ on target.

10

10° Raa . | |PADME can explore in a model-
- | |independent way the region down

toe= 1035w/

— | |[*ma < 23.7 MeV (Eveam = 550 MeV)

| el | e M <27.7 MeV (Eveam = 750 MeV)
bbb [® MA <32 MeV (Epeam = 1 GeV)

] IR L
107 1072 10"
M,.(GeV/c?)
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Active target

S
L—--—-————-._-.-. —...—q‘
Q

S Test detector

Features:

e Diamond (low z, reduced brems.)

e Dim.: 20x20x0.1 mm?

* 19 horiz.x19 vert. active graphitic
strips (average informations on beam)
® Ox-y(beam position) < 2 mm

¢ in vacuum w/ movement system

Test detector results (18 h.x18 v. active strips)

Profile X Event - Charge Integral

P Beam position scan
- Emres 12 'g [
® E T, 0277 S
35— RMS 2299 = Bl
- /\ ¥ I ndt ““15;;: o 14 B
- Moan 9332028 @ &
30 Sgma 2457 20,174 | > B
25— B
20— 10—
15— / B
- 8l—
10— / B
o?"< [
= 4
TR PR | | 1 | 1 1 | i
2 4 ] 8 10 12 14 16 18

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1
4000 5000 6000 7000 8000 9000 10000
Event

Spatial resolution: 0.2 mm (x-axis) x 0.3 mm (y-axis) 38
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Small Angle Calorimeter (SAC)

L?>j ChargeDist_ch_0
Ch . . 104 ...... Entries 128375 |-+
't 't ' { Mean 39.89
aracteristics. oo, 2.9
1 Underflow 10
{ Integral 1.283e+05

®* Of = 10% 109 --------------- Overflow : _é
» Cherenkov — 3-4 ns signals : LN -

102
e angular coverage: [0,20] mrad
e crystal wrapped w/ tedlar (only direct light) *
1
Integrated Charge (pC)
u EntriglsE SAgs1 93 10° = Entr‘egtema??oogs
“F E,in SAC from a 3y e aas i bremsstrahlung ean 783
sof- event if a “good” v is ol E, in the SAC
o Presentin ECal
E 10° =
150— ! g
- = -
1001~ o 100
: o : 7.7%
50— ﬂ: i 4
E | | }Ei | | 10;..|I|..|I|.|.....I....I..H.I
00 I J100I — I200I — I300h I I400I — I500I — I600 0 100 200 300 400 500 600
Esac [MeV] Esac [MeV]

SAC must be sensible to photons over 300 MeV and blind under 100 MeV a9
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HV (given charge) and charge (given HV) histo

From 22Na source measurements

hHV15

17711YY‘I"YYIYYYTYYYTYYYTYY"TYYf l L4 YYT""YIT

Y 1s
Ermes o0
1201
L >3y )
15
0
185

HV V)

h 1200
Lranes po]
Mean 6858
oes 3019
Underfiow ™
Overfow 0
togral 106

Q (pC)

hHV20

o0
1253
@2
15
0
185

o
18~
16
14
12

[
Q (pC)
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Cosmic ray setups

We performed CR runs with 2 different setups:
* 4x3 matrix
e 5x5 matrix with 50um tedlar foils between crystals (see next slides)

Middle paddle

<@c90/
b
. ’{'@

\

R o
g 1Y
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Cosmic rays charge spectra (5x5 matrix)

Qspectrum1 ch24

00 400 500 600
Charge [pC]

Qspectrum1 ch19

Qspectrum1 ch14

Charge [pC]

Qspectrum1 ch9

>

El
Charge [pC]

Qspectrum1 ch4

2

Charge [pC]

Charge [pC]

Qspectrum1 ch23

00 400 500 600
Charge [pC]

Qspectrum1 ch18

Qspectrum1 ch13

0
Charge [pC]

0
Charge [pC]
Qspectrum1 ch8
10°
o'F
10k
1
QHL 0
Charge [pC]

Qspectrum1 ch3

4 0~ 600
Charge [pC]

Qspectrum1 ch22

Qspectrum1 ch21

Qspectrum1 ch20

10*
10° 10°
1
1
0 400 500 600 -200 400 500 600 -200 00 400 500 600
Charge [pC] Charge [pC] Charge [pC]
Qspectrum1 ch17 Qspectrum1 ch16 Qspectrum1 ch15
10* 10°
5
10
10°
L I !
0 00 2
Charge [pC] Charge [pC] Charge [pC]
Qspectrum1 ch12 Qspectrum1 ch11 Qspectrum1 ch10
s 5
10 F 10
o'k
10 1
1
-2 M 1 -2

Qspectrum1 ch7

5 0
Charge [pC]

Qspectrum1 ché

5 0
Charge [pC]

Qspectrum1 ch5

S 0
Charge [pC]

0
Charge [pC]

Qspectrum1 ch2

Qspectrum1 ch1

400 00" 600
Charge [pC]

Charge [pC]

Qspectrum1 ch0

0
Charge [pC]

i

2 500
Charge [pC]

t dhannel

non
working

Charge [pC]

All events

Vertical CR

Side events (vertical CR passes
through a crystal on the side)

Verticality is obtained requiring that
the 5 largest signals are in column

Example:
U passing through
central column

2
- -

HH
O
O O
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Optical crosstalk without tedlar (4x3 matrix

Ch. 11 IsSide Inv. cumulative
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o
] 1 1 1 1
0 50 700 50
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1% is reached at =100pC
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Optical crosstalk with tedlar (4x3 matrix
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Tedlar Is effective In

preventing optical crosstalk

Tedlar will be used for
the ECAL assembly

It also accommodates
different SU heights) 44



M Ts test station
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360
294

360

Seen from below
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XP1911 divider new design
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Z=50 Q

Short connection, low inductance

G
=
—
D1 D10
K
N =G G G
=~ — —
< N Ts) n
97.7V 49V 74.8V 63.4V 63.3V 74.7V 108 V 108.7 V 1169V 128 'V
| _W_ _'VWW "AV‘VAV‘V "AV‘VAV‘V "AV‘VAV‘V "AV"AV‘V "AV‘VAV‘V ‘V‘VAV‘VAV ‘V‘VAV‘VAV ‘V""‘VAV
680 KQ 330 KQ 510 KQ 430 KQ 430 KQ 510 KR 750 KQ 750 KQ 820 KQ 1 MQ
| | | | | | | |
- [ |1 I I
HV 10 nF 10 nF 100 nF 100 nF

Voltages across

resistors:measured by 10 MQ

impedance multi

meter

Z=50 Q

®
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PMTs dimensions test

DIMENSIONAL TEST WITH “TUBE"” 1D=20,4 H8

GOOD CASE:
Photomultiplier
pass through

BAD CASE:
Photomultiplier
does not pass
through
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