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ALICE experiment at LHC

Large Hadron Collider(LHC)

ALICE experiment
- To study QGP(Quark Gluon Plasma)

S —4

Ny
) R . .
¢ : ‘é%" %, Quark Gluon Plasma
| | ‘ ’ - The state of early universe

@ - - Quarks and gluons move freely

o @
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Color Grass Condensate(CGC)

Initial state of nuclear at high energy : gluon is high-density and saturated

o
-‘Q\:.
"
for

Collision initial state

CGC Initial Glasma sQGP Hadron Gas
Singularity
2 time
t=-1fm t=0fm t=0.6fm t=20fm
> energy
Low high

Prediction by QCD at high energy
This phenomenon is expected in the forward region

g S

Perform experiment to study it Three quark =>» Increase gluon =» Saturated gluon
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Forward physics

" Bjorken-x
2p;

A

X =

e‘y

High energy : Vs (large)
Forward region : y (small)

B

small-x

-

Accessible in LHC experiments

Study by hadron : including the final state

Study by photon : only initial state

\%
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ALICE upgrade plan

Upgrade of various detectors are planned for LHC Long Shutdown

TPC : new GEM readout chambers,
EMCal : extension by DCAL(LS1) Ppelme readout

FoCal project

New beam pipe : smaller diameter

100 - "\
LHC i '
; Upgrade of forward/trigger ’w
detectors MFT project
2 Measuremen (2DC, VZERO, T0)

region is larg

approved
submitted

under internal review

New ITS : high resolution,
Low material budget

_ TRD, TOF, PHOS, EMCal,
Muon spectrometer : new
readout electronics

Useable of high energy of LHC

saturation

—inspection of CGC, solution of early stage fever, etc...

region *

(_ All approved upgrades are for LS2(2019 ~ 2020)
Y Sirar FE S EELE and the focal proposal is for LS3.
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FoCal project in ALICE

*FoCal : Forward Calormeter
- One of the upgrade plan in ALICE experiment FoCal installation plan
Components
- Electromagnetic Calorimeter : FoCal-E
- Hadron Calorimeter : FoCal-H . 7/
Acceptance :3.3<n<5.3 7 NI R S s
i A W
FoCal-H 772278222222

FoCal-E

4
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FoCal project in ALICE

Hﬂﬂ , -
Observables: ; =1 Kt -
0 > 2y | - M \VE ||
-direct(isolated) photons EoCa -'E.su JjEEs —
(identification of y/m°) - I -
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FoCal-E strawman design

e *W/Si sandwich calorimeter

- W absorber + Si sensors
Moliere radius : Ry, =9.3mm
Radiation length : X, = 3.5mm(1 layer)

" Longitudinal segmentation : two different module

tungsten layers - Low Granularity Layer(LGL) : 5 segments
=3-omm fickness -1 segment = 4 layers of Si/W

1 layer = 64 PADs(8 x 8)

-Silicon PAD size : 1 x 1 cm?

*Signals are longitudinally summed

- High Granularity Layer(HGL) : 2 segments
low granularity

pac-layers ~tem? high granularity pixel-layers - CM OS-plxel
longitudinally summed  read-out boards ﬁ::,‘;t Z’;',f;,f,"ﬂg’s' *Pixel size : 30 x 30 l,lmz o

in segments for pad segments . . . .
- Digital signals are summed in 1 mm? cells Hqﬁﬁ
1

LIl
Ll
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Low Granularity Layer(LGL)

Silicon(Hamamatsu $S10938-9959(X))

pad segments
v

tungsten layers
~3.5mm thickness

Prototype(made by Oak Ridge National Laboratory)

*Summing board has 128 channel output
- 1/1(high gain) positive output : Och ~ 63ch
- 1/16(low gain) negative output : 64ch ~ 127ch

low granularity high granularity pixel-layers
pad-layers =1 cm

effectively =1mm®,
longitudinally summed read-out boards likely using MAPS
in segments for pad segments

We can change the gain by changing reading polarity
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High Granularity Layer(HGL)

Prototype(made by Utrecht University)

[ FOCAL Projection X:Y, Z=366.0 |
- 2
_______________________________________ = 1
0
-1
-2 -
3 -
B TLd,
sE-
-6
-7
S0 A8 48 A7 6 5 4 3 2 A1 0

tungsten layers x [em)

=3.5mm thickness Letter of Indent

A Forward Calorimeter(FoCal) for the ALICE experiment
200GeV/c ¥ simulation

*This is CMOS-pixel(mimosa23(PHASE 2) : designed in
Strasbourg) detector which can readout per Imm?is not
quite true; here we read out all pixels individually
low granularity high aranularity sxel-avers | " ldentification of y/m° is possible because of observing
pad-layers ~1cm®, effectively ~1mm®,
longitudinally summed  read-outboards jiely using MAPS shower Shape
in segments for pad segments . .

*Read out electronics for HGL : provided by Bergen

University
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Simulation result
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n° detection efficiency

> T good efficiency
C
o 1
O - T e OO0 LY~ _ ~
. #ijj}{}%—_&*ﬁ**}_ {ﬁ}%% p;:2~18GeV/c,n=4.0~4.5
% o.s—j; e p;:2~12 GeV/c,n=4.5~5.0
i g
_ 3t
0.6~ -
n
0.4 '-'
: ALICE Simulation
0.2k FOCAL upgrade 7° Covers the intended range for CGC
i o 40<1n<4.5 ] . . )
i = 45<n<5.0 measurements : low-intermediate Q
O_ | | | | | | | | | | | | | | | | | | |
0 5 10 15 20
P, (GeV/c)
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Direct photon selection

Y, r/aII clusters

—_—
<

1072

107°
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- pp s=13TeV ALICE simulation - E - pp (s=13TeV ALICE simulation -

40<n<45 FoCal upgrade E 45<n<50 FoCal upgrade
- 7m position — © 1F 7m position —a— = -
: 1 FF ﬂ% 5
B 1 Bor * i — ;
e b
e + 7 Ut
o e oo
: e : :

an -
-0—_._...—’- "
3 E 107°F E
s m decrej+iso - m decrej+iso A
: A dec rej (IM+SS) 7 [ 4 dec rej (IM+SS) |
O isolation O isolation

- R,,=0.4, p:j;:o <3.0 GeV * no selection ] - R,,,=0.4, p:‘::o <3.0 GeV * no selection |

1 L L l 1 L 1 I L L 1 I L L 1 l L 1 1 l L 10—3 L 1 1 l 1 1 L l 1 1 L I 1 L L I 1 L 1 I 1
4 6 8 10 12 14 4 6 8 10 12 14

P, (GeV/c) P, (GeVic)
Two handles to select direct gamma : invariant mass, isolation cuts
’ After selection
Direct gamma fraction > 0.1 (larger at high p;)
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Pb-Pb ° performance of invariant mass

S S 0<p. . <9.0Gevic 0 S 0<p. <80 Gevic

F 35<n<40 P 40<n <45 . .
70p SO <M< 70f S0 M= Single particle

F = single particle
60; ~ PbPb embedded

=== PbPb embedding(HIJING + single nt)

50"
405
20¢
10¢
0.1 015 02 025 & 005 01 015 02 025
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, 80; ,
150<p, <200 GeVic P 150<p, , <20.0GeVic
35(7]"240 70: ‘0<ﬂ'<"‘5
co;
sot Performance worse than pp,

but good enough for p; > 10 GeV/c

e rriprre prrs Serrafrrierriperris
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5 sl
01 015 02 025 005 01 015 02 025
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Test beam in 2014
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test beam at PS and SPS

This is first test beam experiment for LGL of Tsukuba group!!

PS
-T9 beam line

- Term : Sep — Oct in 2014
- Energy : 2 ~ 10 GeV
- Beam rate : ~¥100 Hz

- Gain : high gain(1/1)
setup
r r r Beam
1x1cm? P
LGL scintillator cherenkov

SPS

- T4 — H8 beam line

- Term : Novin 2014

- Energy : 30 ~ 100 GeV
- Beam rate : “300Hz

- Gain : low gain(1/16)

setup
r// Beam
b L’ 1x1cm? 10x10cm?
LGL+HGL scintillator

At PS, we use the cherenkov detector to identify electron

2015/09/11
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FoCal setup

pad-segments

B S N~ G

tungsten layers
~3.5mm thickness

low granularity 2
pad-_laygrs ~lcm®, effectively =1 mm?,
longitudinally summed read-out boards likely using MAPS
in segments for pad segments

high granularity pixel-layers

4 segments are stacked on the rail
—fix the position

—>attention : summing board inversed

"Inside black box
4 LGL segments and 2 HGL with
trigger scintillator
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HIGH-ENERGY SCATTERING AT ZERO

2015/09/11

DEGREES




MAPS has about 24 layers of HGL with tungsten

MAPS —

MAPS from the top

This is a special setting for

measuring performance of HGL

Measurement of spatial resolution and
energy dependence, resolution...

2015/09/11
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LGL result at test beam in 2014
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LGL readout system

SRS

APV
. . > >
Focal hybrld Chlp HDMI ADC FEC Ethernet PC

Data Flow Chart

Readout Electronics : developed by CERN RD51 group

= APV25 hybrid board Y.Apvw':?:":" O SRS(Scalable Readout System)

Output : 128ch - ADC board : 12 bit ADC
Sampling speed : 40MHz Simultaneous readout from 8

APV hybrid board(Master)
Gain : high gain(1/1) and

low gain(1/16) - FEC board : the front-end which

processes information from ADC
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LGL readout system

DAQsoftware

CEaANS)

mmDAQ : DAQ system by ATLAS micromegas

|
Run control

run t -~ Comel Save Optons — —
Aun | ™ Write Fie
Vommsins Commanms saved 10 09
Paves
o MV10(

configuration

N

Finshed run 256 wih 124 events

Horizontal axis : timebin per 25ns
Vertical axis : ADC channel

2015/09/11

Stozped. Queveins Numzer of comupted evants (¢ wdp fr 1)

signal
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Event/nEvent

PS result

Energy Dependence

s k! —2 GeV
o —3 GeV .
We were able to identify 2GeV and

0.1 3GeV beam energy

0.1f
0.08 ]
0. —>We couldn’t see the energy
0 dependence from 4GeV to 10GeV

' —>signals are saturated
0.0 I[

| - PR T T PO 1
% 5000 10000 15000 20000 25000

Sum of ADC channels[ch]
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PS result

Saturated signal

Saturated region
- d = 2000 £ ,E =
5 i L 3 | \
g | 3t
< 9000~ < " |'
i 1500 ( \
I = | ‘.
8000~ - "
L : : ."
L 1000 [
7000 - [ '.h
i . L ,
[
L i | \
6000 [~ 500} | \
L "|
L o '.‘ i“
5000~ L)
. o \
il | FENS FRETE FUARY FURTY FURTY FURNE FUuNy AU o N
2 4 5 6 7 8 9 10 L ~——
EnergincV] paaa b byga g byy oy bya o by g
0 5 10 15 20 25
time bin[25nsec]

Mean of Gaussian fit on each energy

ADC value of Each time bin for 1 LGL

On PS experiment, Noise is large

———

Imp

rovement of noise
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Comparison of Noise

PS SPS

Pedestal o 105+ 10 ‘ 807

Decrease the noise (about 30%4,)

*Optimization of the GND
*Introduction of regulation power supply

regulation power supply
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SPS result

Energy Dependence

5o.
2 — 30 GeV
§ 0.0 Signal : over the pedestal value
& — 50 GeV Gain : low gain(1/16)

00 (HIH Data taking energy : 30, 50 GeV

0.0 T

. ] -

0.03F . 1L

0.02 Hj Result : 30, 50 GeV

0.01F

M
L 1 1l l AL 1 1l 1 Ll 1 1 l Ll 1 1 l Ll 1 1 l Ll 1 1
% 1000 2000 3000 4000 5000 6000

ADC(1/16)[ch]
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Energy dependence (PS and SPS)

ADC
60000

50000

40000

30000

20000

ITTTI’IYFTIITTITIIIITIIITI

10000

T T

—— Positive(1/1)

—e— Negative(1/16)

ADC[ch] = 1000.1 x Energy[GeV] + 2882.8

0llllIllllllllllllllllllllllll

0 10 20 30 40 50

2015/09/11

60
GeV

Modified ADC channels
—>negative output(1/16) x 16

We can see the energy dependence

GGz

Next test beam, cover the other energies
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HGL result at test beam experiment
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Late ral prOﬁles Radiation length : X, = 3.5mm

“‘gmsk | : : : : “’EwsL_ ...........
g B o avero g
s - Layer9 g F - Exp SPS 2014
§103 ’ I‘_ayer 14 T 10°F * Simulation
107 10°F
T e STResges N
= e "
1 L.l l L.l l L.l l L.l l Ll I Ll 1 l Ll l L.l | LAl l L) :
100702 04 06 08 1 12 1.4 16 18 105 e e T e e
distance from shower axis (cm) Distance from shower axis (cm)
Test beam 50GeV e
Extremely good spatial resolution Good agreement with simulations
Ry~ 1lcm GEANTA4 + charge diffusion

Two-photon separation at few mm scale possible
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Linearity and energy reso
Energy response

x10°

ution

-
(=]

* Simulation

Average response
[*2]
(=]

W
(=]

'TII1"II]"

= Exp data
40

'Tlll'

30

III

20

YTI‘I]'YI

10

UIII

— l I I l L

L l | —— l

o 50 700 150

200 250
Momentum (GeV/c)

Good linearity over full range

Energy resolution

w 0.18

w
(=]

0.16
* MC
0.14
= Exp. data(EM shower)

0.12

-

0.10 30%

2

TTTTTL

=

0.08

0.06

0.04

llllllllll

L 1 'l I 1 'l I 1 l 1 ' I 1 l 1 1 L 1 l 1 1 Il I I
0'020 50 100 150 200 250
Momentum (GeVic)

Energy resolution in reasonable
agreement with MC

HGL is good performance for spatial and energy resolution

HGL : slow readout speed
LGL : fast readout speed

EE—)

2015/09/11

HGL : measurement of shower shape
LGL : measurement of shower energy
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summary

Forward Calorimeter in ALICE will be able to observe the unique signal
- small-x gluons and saturation

- CGC proving initial condition
- early thermalization of QGP

“In our first test beam 2014, we were able to see the shower shape and energy
dependence

next

-We have the second test beam schedule on Oct — Nov. 2015 at PS and SPS
“For good energy resolution, we need to reduce the noise level and more statistics

“We joined RD51 group and started work of new readout board from this summer

“in this winter, we will aim at ALICE approval. LHCC approval is next step
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Thank you for your attention!
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Back up
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FoCal-E strawman design

P -W/Si sandwich calorimeter(prototype : ORNL)
- W absorber + Si sensors

Moliere radius : Ry, =9mm

Radiation length : X, = 3.5mm(1 layer)

" Longitudinal segmentation : two different module
ingetn layers - Low Granularity Layer(LGL) : 4 segments

=3-omm fickness - 4(or5) layers of Si/W per 1 segment

“Cell size : 1 x 1 cm?

=1 layer has 64 PADs(8 x 8)

*Signals are longitudinally summed

- High Granularity Layer(HGL) : 2 segments
low granularity

pad-layers ~1 em? high granularity pixel-layers - CM OS-plxel 1 mm
longitudinally summed  read-out boards ﬁ:;‘;t E/:ilggzsﬂrxr:s, *Pixel size : 25 x 25 umz o
in segments for pad segments . . . . o

*Digital signals are summed in 1 mm?cells |

-
1ILL
Ll

1
IENEEES
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Low Granularity Layer(LGL)

LGL :
measurement of shower produced by tungsten.
1 LGL have 4 layer = signal is summed by 4 layer

Tungsten Ad{hesiva Lo

Adhesive
spacer

Flex
circuit

~ Flex tail
Summing
)

Pins first align flex tall & gasket
with tungsten plate, then align
assembly with sumeing bosrd

pad-segments
¥

SN

tungsten layers
~3.5mm thickness

low granularity

> high granularity pixel-layers
pad-layers ~1cm®,

effectively =1mm®,

read-out boards

longitudinally summed likely using MAPS
/ in segments for pad segments
| Il | Summing board
WORKSHOP ON FORWARD PHYSICS AND
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n® mass sigma

<~ 30
8 =
> h-
2|
25
E [
20:— _+_
15P— '
[ ——
1o —— ————
! 0O 40<n<45
S m 45<n<50
0’-‘llllllllllllllllllllllll‘lllllllllllll

0 2 4 6 8 10 12 14 16 18 20
D, . (GeV)

"Peak width ~ 10 MeV over large range in p;
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Pb-Pb efficiency mt°

efficiency Mass peak width
) ~100p
o -~ Q L
o > F
2 1 2 gof-
o [ =~ E
: ool
0.8 T F
I + ++ 70
s + 60
0.6 + -+- _+_ E
i -+- _+_ +++ 50 _+_
0. .+_+ 3
: of- —+— 4
7° embedded : ; — =
02} 0 40<n<45 20'_ B "
“T ® 45<n<5.0 :
=2 0 40<n<45
ﬁ» 10: m 45<1n<5.0
0 T S S T TS S R S N N 0:||||‘|n||||||||||||||||||1||||||11|||1|
o 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
P, (GeVic) P;. (GeV)
O efficiency ~ 0.6 Mass resolution is good for p; > 10 GeV
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FOCAL performance: y in p-Pb

Old 4m geometry used; will be updated soon

a2 1 a 1
. L 8 F L
o 0.9 :_ 8.8 TeV — Statlstlca! e 0.0 E 8.8 TeV — Statlstlcaf
£ 3.0<n<4.0 [ ] systematic (PYTHIA) © 4.0<1<5.0 [ ] systematic (PYTHIA)
0.8F [ systematic (JETPHOX) 0.8F [ systematic (JETPHOX)
0.7k 0.7E
0.6 0.6F
0.5F 0.5F
0.4F 0.4F
0.3F 0.3F
0.2F 0.2F
0.1F 0.1F
:lllllllllllllllllllllllllllllllllllllll :Allllllllllllllllllllllllllllllllllllll
%2 "2 6 8 10 12 14 16 18 20 % "2 a2 6 8 10 12 14 16 18 20

P, (GeV/c) P, (GeV/c)
Using same numbers for 9 identification, isolation eff as 14 TeV

Excellent precision for direct y R,

Lower p; reach uncertain due to uncertainties on rates
~4-5 GeV should be in reach

4<n<5 uncertainties smaller; intrinsic S/B better
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Analysis method

® 00 ___ Marge — root — 62x17 "

hep@3:Marge wsato$ root -1 run.root =]

root [0] . .
Attaching file run.root as _file0... Data Of mmDAQ IS Output'ted rOOt F||e
root [1] raw->Show(0@

======> EVENT:0

apv_evt =1

time_s = 1416308254 apv_evt : number of event

time_us = 277914 __

apv_fecNo = (vector<unsigned int>*)@x7fc963d9e¢370 apv |d APV ID

apv_id = (vector<unsigned int>%)@x7fc963d9f000 -

apv_ch = (vector<unsigned int>%)@x7fc963d9f730 .

mm_id = (vector<string>*)0x7fc963da®140 apV—Ch * APV Channel

mm_readout = (vector<unsigned int>%)@x7fc963dad940 . , :
mm_strip = (vector<unsigned int>x%)@x7fc963dal210 apV_q . raw data Of 27 tlme bln
apv_q = (vectorevector<short> >*)0x7fc963dalb50

apv_presamples = 0

root [2]

apv_id apv_ch RawSignal

F.
=
3

20000

18004

ADCch]
&
&

TG00

14004

12004

10004
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&0
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o
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7 40 &0 80 100 120 5 1 2
apv_id apgv_ch Sme bir{2Sesed

B
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Channel mapping

"
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o e,
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173
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MSR-006-R0-2013-FOCAL

34 136 2 | 4 | 6361|3129
38 140 | 6 | 8 | 59|17 |27 |25
42 | 44 | 10 | 12| 55|53 | 23 | 21
46 | 48 | 32 | 30 | 33|35 19|17
50 | 52 | 28 | 26 | 3739|1513
64 |62 | 24 | 22 | 41143 | 1 | 3
60 | 58 | 20 | 18 | 45|47 | 5 | 7
Y |56 5416 | 14|49|51| 9 |11

X m——)

If summing board is inverse, line is symmetry
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gmax point

Define of hit
8 codt-
Pedestal histgram S0k
LGL1 ADC X0 YO aoof-
9 B ECC:— I'
< ao00f : | .\
200k |
- t [
A5004- oF ’,‘
3000f JL //
- i ’ Ibn-n_c ::r(;.‘:rw:::
2000
sk Hit is to meet the following condition
1000f= 4
_ apv_qgmax > u+4o0
500
S i, 5k % ACLEm XE
Gauss fit o o E .
(x- u)2 A : constant
f(x)=A%exp{-*——"-1 u:mean ‘ ' ;
20 . m o
O :sigma | | |
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PS result

Energy dependence

Energy Dependence

Energy Dependence

E — €
o3 —2 GeV g ~4GeV
£ £ oib —5GeV
o o .
@ o —13 GeV a 6 GeV
0.1 0 08- 8 GeV
B 10 GeV
0.1 [
0.08§;
0. - H {
- ol
0.0 0.04- ‘ |
0. =
I 1 (HE
0.02
00 ! T nn
0 o - PR T T A—L:-“'th ’_—.a-d_:h‘:_c-‘:b’_i
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
ADC|ch] ADC[ch]
_ , Signal is over the pedestal value
We can identify 2GeV and 3GeV beam energy

—>We can’t see the energy

dependence from 4GeV to 10 GeV
—signals are saturated.
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Comparison of Noise

Pedestal o [ch] Noise source test

200

Pedestal value

® Summing board ON (low voltage) . :
- The most noise source is low voltage

180

160 ® Silicon ON (high voltage)

140 ® APV with FoCal

el ® APVonly

100

80

80 On SPS, We introduce the stabilization

40 power supply

----- B it
-

20 .
.
. o aete
D P SRS P————
1 LRI L AL I M

III_JI’IIIIIIIIIIILl.llllllllllll]lllllll

L e
0 'l ' L l ' 'l L 1 1 1 r 'l 1L 1 ' L I 1 1 ' l L 1 1

20 40 60 80 100 120
apv_ch [channel]
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Comparison of Noise

LGL1
= 200
‘2' -
B - —— SPS Negative
180 : A
8 T Introduction of stabilization power supply
B - —=— SPS Positive
b 1601
o - L .
140 PS Positive ‘
120}~ : o
- Decrease the noise (about 30%,)
100}
80 ;O.o ...c. eee’e oo ' ° .o.. ... .' o‘o..‘ oo® . o’
60}
401~ .
:’. . o . o* . . . ..
20 [ 0% 000, %% Lo % 0e®®
0:1 11 1 I | I | l lé L1 l L1 11 I L1 11 l L1 1 | 1 1 1
0 10 20 30 40 50 60 ™\J0
apv_c

Dead channel
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Energy dependence (PS and SPS)

20F
18
16—
14
- {
12~
10
: *
8._
_ e datapoint
6__ olE) 307
: . | (1.1
a—__ o(E) 1667
B E
2-_ 1 1 | [ | || | Il | I T -
1 10
Energy[GeV]

Different from simulation result
—>More statics and decreasing noise

WORKSHOP ON FORWARD PHYSICS AND

60000
ADC .
50000~  —— Positive(1/1)
40000 [ —— Negative(1/16)
30000
20000
100001 ADC[ch] = 1000.1 x Energy[GeV] + 2882.8
O 1 Ll 1 l Il 1 1 l Ll 1 1 I Ll 1l 1 l LA 1 L l Ll 1l 1l
0 10 20 30 40 50 60
GeV
Modified ADC value
—>negative output(1/16) x 16
2015/09/11

HIGH-ENERGY SCATTERING AT ZERO
DEGREES




FoCal group goal for FoCal-E

Each

LGL
- Measurement of shower energy

- Measurement of energy resolution

- Development of speedy readout

HGL
- Separation of shower shape

- Measurement of spatial resolution

And so on...

system

| total

“Trigger merge of HGL and LGL
"radiation damage study

" Lol accepted

“ Future plan

- Mini-FoCal installation after LS2
- Full FoCal installation after LS3

WORKSHOP ON FORWARD PHYSICS AND
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2011
2012
2013
2014
2015
2016
2017

2015/09/11

0 H

\

LHC Timeline

4 LHC startup, Vs = 900 GeV

Vs=7~8 TeV, L=6x10% cm s, bunch spacing 50 ns

~20-25 fb!
Go to design energy, nominal luminosity
Vs=13~14 TeV, L~1x10%** cms°!, bunch spacing 25
e ~75-100 fb-!

Injector and LHC Phase-1 upgrade to ultimate design luminosity

Vs=14 TeV, L~2x10* cm 5!, bunch spacing 25 ns

- ~350 fb!
HL-LHC Phase-2 upgrade, IR, crab cavities?

Vs=14 TeV, L=5x10% cms°!, luminosity leveling

~3000 fb"
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limit

(Hz]

Deta_Rate

10

10

2015/09/11

DAQ rate

FREQ vs data_rete

| I ]llllll

T Illllll

No Errors

FREQ vs data_rete

Entries 15
Mean x 2517
Mean y 1459
RMS x 3272
RMS y 1247

—+— internal trig
¥ extamnal trig (5kHz)
- ¥ extarnal trig (1kKz)
- 1000 (Hz]
- BCLK_FREQ"64"25[nsec]'
L 1 1 l L ' 1 ' L 1 L 1 L L L 1 L L L L
2 3
10 10

BCLK_FREQ
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MIMOSA Sensors

* Monolithic Active Pixel —
Sensors (MAPS) - / { 4
charge collecting

e Si-sensors + electronics in o
CMOS on single substrate

* thin sensitive layer (=20um)

* charge collection by diffusion

* existing chips PR T

e readout of analog signals by
rolling shutter

* slow: 640us readout time

* 0.35um technology

M.Winter et al., IPHC Strasbourg 24




HAMAMATSU

dyaAvIt rEAF—F

$10938-9959(X)
B AR
B H fi& B I
EREAY (1, 0, 0)
Bz 50015 um
RETBE 20 um
| WS
B B & B {7
chip size 93 x 93 mm
Number of PDs 64 (8 x 8) ch
PD pitch(X) 11300 um
PD pitch(Y) 11300 um
Single P+ size 11250 x 11250 um
Single Al size 11280 x 11280 um
PAD size 100 x 200 um
Number of PADs 4 /ch
B
B B fi& B
Vid < 220 \Y%
Id < 20 nA/ch(VR=Vfd)
ct 30 pF/ch(VR=Vid)
NG ch <2 %(1ch MAX)
B BREHK
B B HE
Id % ch®1d, Vr=100V, 150V, 200V, 250V
Ct % ch @ Ct. Vr=100V, 150V, 200V, 250V
Vid E=S PDTOCtAERESYHRE

R~ "7 AN =it

2015/09/11

Lyav I+ F¥4F—F $10938-9339(X)

MR EE (BB : um)

Chip overall

93000 + 40

93000 = 40

fe—s|

PD pitch 11300

Backside metal Au

Gap
35

-

6950 % 20

1375 = 20

Implant size 11250 x 11250
Al overhuny

COHEOTORHAAL. FHR2FAATHOLOTY, RAOHHEEEFERCERT L HYETDT. HOMLHITRZEL,

CREADBN I EBFHCITAYHEOIST SRR 28N

EERM—7 A\ =1

EfAE%ES 0T435-8558
HEXE  OT105-0001
AIREEF 0T541-0051

SRR X PRI 1126-1
RR#HBERE/ FI3-8-21(F33/%E L)

KM o R XK+ B72-3-13(RBRE £ )L 100)

HAMAMATSU
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Shower profile

To observe expanse of the shower, we use the following equation

The center of gravity ’s equation

>.; ADC) - 2l s :which LGL

z() =< z(8) >= )
Zi.j ADCZJ

(8), ,(s)

(8) =< 4(8) s =
y ) =<yl >=
D (s)

§=1,234 ij=1- -8

§=1,23,4 4,5=1," "8 j j. PAD of x & y axis
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Shower profile

"beam : 2GeV electron

*Longitudinal shower profile )

- shower max d (for W) = 19.27mm & 2" LGL d= 0-351"(51“1‘?%*] —0.5)[em]
"Transverse shower profile

- re-calculate shower center (centroid)

- Moliere radius (for W) : 9.16mm

longitudinal and transverse shower profiles are consistent with the expectation

Gap of center of gravity for the hit

g Depth : 3.5 - 14 [mm] Depth : 17.5 - 28 [mm)] Depth : 31.5 - 42 [mm] Depth : 455 - 56 [mm)]
Hg 6 o -l .1 | L A} | ’ 1 - - |}
g4 . _— 1 1. i'HEF..' - R
! .._,- | .4‘ fu" - . ) - [ ] .
§2 il 'i:::." 1 | ‘_h - - .I.=E_E.!.IEI| . "
ol ITEMEE, 1 { - | I
" ‘-l :' e J I n.
2 .n.: -‘:Ji. ‘ 1 1 1 .EFE..I
4 - .l .1 " ] .l
: - ) - '] 1 = 4 o}
° e 1 -
o . E
8 .

86 4202 4 6 8 8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8

x1l’°3 . x::ente( [cm] x:“ . x;anter [CI’“] x:“ . xgonw x:'OO - x:enm
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