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The Electron Muon Ranger

Davide Bolognini, on behalf of the EMR group
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Electron Muon Ranger: where and why

beam ;

EMR box

EMR is a fully active detector (tracker+calorimeter)
whose aim is (together with TOF and KL) to
distinguish electrons from muons
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Electron Muon Ranger: how?
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EMR is a tracker/calorimeter that is able to
distinguish electrons from muons

Nearly 2500mm

EMR consists of:
¥+ 48 planes of extruded plastic scintillator bars (24x-24y)
_# Each plane: 59 bars, 1.1 m long, triangular section

¥ 1 WLS fiber (1.2 mm of diameter), glued inside the bar
~ ¥ 2 clear fibers from bars to PMTs (connector system)

Stand still to be

Plane Cross section




EMR: mechanical construction

Bars (3-4 m long from FNAL) have been cut, drilled and palnted (the edge in white, to
increase the light yield) : '

s

One 1.2 mm WLS fiber inserted and qlued in each bar

In original design a single WLS fiber carried out on both
edges the scintillating light to the PMTs
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EMR: mechanical construction o VA

Optical test:
10% of fiber broken

“Connector
system”
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EMR: mechanical construction

Two readouts:

=~ 64 channels multi-anode PMT

~ (MAPMT) to track the particles

e —

e

-

™ ™
Single PMT to measure
the whole plane charge
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The EMR electronics

VME CRATE
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MAPMT (64 channels): X x
* FEB Board — =
+ DBB board
all the FEBs -
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The EMR electronics

96 High Voltage channels 55 Front-End-Boards 8 FEB config.boards
under tests

6 buffer boards

under tests
Low Voltage
Power Supply MICE DAQ
- 7
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: EMR Boy/
52 HAMAMATSU 64-ch. PMT / 10 DBB readout boards
>>100 PHILIPS 1-ch. PMT 6 fADC in production
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Single PMT readout system

PC Pulser
o
£
—
™
=
§
a PMT
P
High Voltage
VME Power Supply

¥+ a test bench is set up to study fADC behaviour

@ light pulses are created by a LED and are similar
to the ones generated by a MIP particle in
triangular scintillating bars

+ this setup is identical to the final readout of the
PHILIPS 1-ch. PMT in EMR (provided by P.Hanlet,
D0 experiment, Fermilab, US)

Flash ADC CAEN V1731
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Pre-amp

PMT

Sample & hold

=) Digital

+ Each 64 channel has a pre-amplifier, shaper, sample
& hold and a discriminator.

<+ 1 multiplexed analog output, 64 parallel digital ones
<+ Plastic packaging

+ 1 single power rail

Because of the experimental duty cycle (1 ev/5 us in a spill of 1 ms per sec), the analog
readout (which requires 12.8 us) is used for tests and for the commissioning phase.
The final readout will be a digital one.

-
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SOCKET: MAPMT is connected
by a flex cable

' MAROC: MAROC-3

FPGA: to control the MAROC
configuration (gain, DAC,...) and
the readout sequence

EXTERNAL ADC: for the analog
readout.

4 N
Z
= O 3§
= O
E =
: O
Nagh

DIGITAL CONNECTORS: to
address digital signals to the
buffer boards

—HV
o O
o
o O

;

ANALOG CONNECTORS: to
configure the MAROC ASIC and
for the analog readout

, MICE MAROC

3M_P5@E_ 20
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¥ The DBB samples the 64 digital outputs in parallel from FEB
¥ FPGA performs the sampling (400 MHz), data buffering, and
data-flow control functions
¥ DBB transmits the event data upon request of the acquisition
system via a gigabit link (TLK 1511)

¥ six DBBs are daisy-chained (8 VRB boards in total)

Data

Header
31[30]29]28 272625242322 21 201918171615 [1a[13f12]11 0]l e |87 [6[s5]a]3[2]1]0
Header type| 0 (0[{0]0]0 |0 Board ID Spill Number
0|0|0|0 0f0 Tﬁ@e‘rqo{:ﬂt 0|0|0| Hit count

Data Word
I31]30f20]28]27 26252423 2221 ]20]19[18]17 1615 [14]1312]11J10[ o |87 [6[5[4a]3[2]1[0]
| Datatype | ChannelID | Hit time

Trailer
31 [30f29]28]2726 25242322 (2120191817 [16[15[14 131211 [10[ o[ |76 [5[43[2[1][0]
Trailer type | Status | Board ID | Spill Number

Command (to configure and to check)

Command
3130202827 26[25]24 23 222120191817 [16]15[14[13]12]11[10] 6|lsfaf[3][2[1]0]
Cmd type Board 1D | ;
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FEB + DBB

Voltage Divider Flex Cable Digitizer-Buffer Board (DBB)

14
High Voltage Cable 64-ch. PMT Front-End Board (FEB)

S
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UNIGE tests

15
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Tests on the UNIGE setup

Tracking:

2 Si detectors
~ 30 um of spatial resolution
~ 9.5x9.5 cm?

Goal:

Test of the MAROC ASIC prototype
board with a final module:
longterm tests and

final performances
Silicon beam chambe
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Tests on the UNIGE setup: DAQ

/\ A

VME bus o

Time
: Shift Shift
el ] Sl = — 1y
clock
PC — >
| Time
ADC | - .
| board FEB ! Digital data 000111111000
trigger |

—> BC repeater

+ BIT3 system for PC-VME data transmission
+ MAROC control: configuration and readout of the FEBs and Si detector readout boards
+ Shift register: I/0 boards to simulate the digital readout (sampling clock 200 MHz)

17
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Tests on the UNIGE setup: results
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Tests on the UNIGE setup: results

Analog Digital
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Tests on the UNIGE setup: results

L]
Cosmic | gz
profile |5
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Tests on the UNIGE setup: results

n C o 10°F
2 - %2 / ndf 13.39/7 2 -
152000~ ﬂ Constant 5450 + 38.0 L -
+ - * B
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4000 107
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3000 -
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2000[- i
1000 L 1ol
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residual RMS: ~6.5 mm
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Tests on the UNIGE setup: results
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EMR at RAL

23
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Six planes at RAL

Six planes installed on the MICE line for the July data taking period

"
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Six planes at RAL

GOALS:
+ Installation of EMR in the KL frame with identification of the possible

problems
+ Implementation of EMR in DATE
+ Preliminary test with cosmic rays

and beam
—

\
Two DAQ systems: /
» DATE \
+ UNIGE-like
\
/

Trigger: 1-6 L
Test: 34 L X
12345 6\

: .\ .
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Results with the UNIGE-like DAQ
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Results with the UNIGE-like DAQ
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Results with the UNIGE-like DAQ
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Resuits with DATE

Time distribution of the EMR hits (blue) inside the spill window. Spill width in red

leading time ITime | Leading Edge Time | ITime
Entries 62670 Entries 62670
= Mean 2.629 — Mean 2.942
2500 RMS  0.3834 7""; RMS  0.0383
i 600
2000— =
C 500
1500—
- 400
1000~ 3001
I 200(—
500— -
i 100
) SR Lo C 0: I
0 0.5 35 4 2.9 2.95 3 3.05 3.1 3.15
t [ms]

+ the spill width is measured by DBB boards
+ all hits within spill gate are recorded together with particle trigger signals
30
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Resuits with DATE

| Leading Edge Time | ITime
Entries 242

Mean 2,722

RMS  0.2179

4

3.5
3
25

EMR Hits
MICE Particle Trigger

2

1.5

1

0.5

3
t [ms]

0 2.4 26 2.8

e
N

Particle triggers should be associated to EMR hits
31
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Conclusions & Outlooks

<+ EMR is a fully active scintillator detector used to discriminate muons from electrons

+ It is made of 48 planes of 1m scintillating bars whose light is readout on both sides by
single PMTs and MAPMTs

¥ The final procedure for the bar assembly has been fixed and the production is ongoing
@+ Cosmic rays tests (at UNIGE) are used to verify the assembly procedure

+ The 48 layers will be produced and tested in the first half of 2012
¥ In the meanwhile all the electronics boards are produced and tested
<+ EMR will be installed at RAL in May-June

32
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The Electron Muon Ranger

Thani jyou 33

"
Davide Bolognini — TA Meeting &ew, 2011




Backup

34
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Tests on bench

Characterization of the MAROC-2 ASIC

Pulser

SEERDEE ©
DEDEE -

Calibration signal
(socket not used):
-~ shape

= frequency

- amplitude

= delay

......

=~
-3 epacanzescy
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ASIC channel

Analog

| s B
| HiHz_choice* — Wllkl nson —= OUT_ADC

EE‘ Buffer RC Slow Shaper - ADC
Input wpF T =15k
Capacitor 1500 vy Widlar buffer Fead HOLD' chanfo(63.0)
Ske
~ 5pF y A ™~ o
P Sum . Mf > .

Preamplifier

. N Variable Gain
Inpu Hold2
cma_SUM ‘
‘I }_ . — > v
| —= 2pF L Read HOLD2 channel63..0]

cmd0acmd5s I

charge

Bipolar Fast Shaper
100fF

Vdd

3pF 100ka FS_chaice®

3 Discriminator:

'L

trigger
ke

EN_senaliser cma_HSTL
|

1 —

\~ T vino

=
emd LLCID

f: BOkoy
AR il FS _choica

L current mirrors !

2>
ﬁ v
CK_s0M g | | L—O CK_CMOS_g0M

vaid_ch select S
LVDS / AND channel nurber [e3.0] |

>
ckoom o |OMOS| 57O
>

encoder

Vref HSTL

cmd_LVDS

3" vaid ch selctAND H H
" Ghannel number [127_64] I I a
vinz EN CK

= DC FS

Embedded ADC works in MAROC-3
It doesn't work in MAROC-2 => need of an external ADC for the analog readout
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Tests on bench (analog): results
MARDE slanale pealing fime < T0ns

L1
PR e BN 4
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Tests on bench (analog): results

2800
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2400

2200

Gain = 32

<

T T T 1
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— Gain=8
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Tests on bench (digital): results

Calibration signal
~ 50—
I
£ F 72 | ndf 2.422¢-06 / 2
= 40
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Tests on bench (digital): results

2 227 ndf 9.634/3
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Tests on bench (digital): Time Over Threshold

The MAROC ASIC allows the ToT measurement:

DIGITAL <=> ANALOG

. . 3 " | 4%/ ndf 14.57 /1

Analog Dlgltal .§.200_— xn S57/18
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