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CMS-GEMHAZ#RE: 25 —HGE2/1 GEBHf X

® 20194F12 A JF46%5 —hRGE2/1 GEB M1-M4 (HWEA=iA) fEHukit: #hn 7 =gk H) e
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M1-M4 GEB Prototypes M1-M4 GEB (V2) Prototypes

DTN

GE2/1
EMTF (LpGBT)

20 degree chamber layer
T Total: 72 layers
b:

N —
[ el

o]

gNLO OSD

18 layers per ATCA card

DTH 4 ATCA cards total
;

DQQ LpGBT links
U DAQITTC links
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106 <> the left OH

e — Group Matched Lengths

- - OH Configuration -
] it H i VT 80K onthe Left) + 80H2 (on the right) 1 . —
= = f I // = ﬁ g . 1
: =S = = : ' & -
= = B e == * Samtec TFM-104-02-L-D

« Wide MEO GEB J1-J6 & OH1 (on the Left) * Wide MEO GEB 17-112 & ON2 (on the right)

* Narrow MEO GEB
* P1-P2 for the left OH
* P3-P4 for the right OH

[e———

. Eport

- meser
- Trigunt
a0c

- Tgune

* Power plane split of Wide GEB

* 2020 MEQ - Prototype 07 Wide PCB.pdf
-, Shield_net

Component Placement of Narrow MEO GEB

2020 MEQ - Prototype 06 Wide PCB.pdf

‘ wi|| [ "F Wide MEO GEB

* MEO Narrow GEB Sllkscreen

-
‘ .ﬁ
B

1 Bz
* FEAST, the right OH

« Yellow background: Mechanical Layout V1
- Blue: PCB silkscreen
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h_Summary_FitSuccess
Entries 24
Meanx 2,038 9
Meany 4177
1| Std Dev x 0.8481
Std Devy 2.172

External
random trigger
(dual time)

~ | DTC link

|
Analysis :
FrameworH |
)| (Ana) |
|

________________



MeREFH A0 T EAF % (Andrew Levin)

= Supporting the QC8 team using the data taking
and analysis scripts
= GBT phase scans
= DAC scans
= Scurve scans
= S-bit rate scans
= lterative trimming

= Added several improvements to the iterative
trimming, such as parallel processing, scurve
quality criteria, and the possibility to align the
mean + an offset instead of just the mean

= Currently, we are working on the migration to a , i
new framework for Run 3 v -~

= Take calibration scan data from within XDAQ instead of a separate python framework
= Perform analysis of calibration scans using scipy python package instead of ROOT
= Use a more exact solution to the trimming problem instead of the iterative trimming algorithm



CMS-GEMFA-Z it FE .

GBT phase scans

x-axis: VFAT
y-axis: GBT phase

Z-axis: number of successes

(SYNC_ERR_CNT, CFG_RUN,

CERN=H 25l 4 (QC8)

HW_ID_VER, and HW _ID can be read)

DAC scan

VFAT1

g g
IIIIIIIII|IIIIIIIII|IIII|II

CFG_BIAS_PRE_WREF

50

U L 1 1 1 1 | Il 1 1 ‘ 1 1 Il | Il 1 1 ‘ 1 1 Il | 1 1
i 200 400 600 800 1000
ADCE (mV)

Due to radiation, the appropriate DAC settings may
change

Record the ADC value for each possible value of the DAC
register

ADC is converted to a voltage or a current using
calibration information provided by the VFAT3 designers

DAC vs ADC plot can be fit with a 5" degree polynomial

From this plot, we can determine the DAC register setting
that corresponds to the nominal value of the ADC, which
is also provided by the VFAT3 designers

9-
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veaT 18 vEAT 19 vEATz0 vRAT21
vearzo
P A N l,""-“-"~ﬂ=‘:.‘v~w(ﬂmi-5iaaﬁ-\>-'\-,\. \..,,M;-,',\,-.,Hupwt.;p,-,\-s. \
E 3 \ ‘f‘ , \ :r \
,,,,,,,, S PR WO [N AP "NV T SO, Y NV T SRR 1 A
Vs vz _
3 = 1= 1=
e s vy § A \
' [
........ Lo L SRR o 'h‘ 3 !Il 1 4 1 ] 1 .
VVVVV VFAT 5 v VFAT: V) VS
B — o = = = —
3 e = o~ el .
I i,q-_~\a‘>‘g.,ﬂ.'ﬁyv""f,;- Y A ! \
¥ 19 Y
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Send a calibration pulse to an individual channel and record
whether a hit is register

Vary the calibration pulse strength
Provides a useful overview of the performance of the readout

S-bit is a clustered data format for the trigger
14 bits: 11 bits for the cluster address and 3 bits

electronics for the cluster size

Can be used to determine which channels are dead or which - Neighboring strips, up to 16, grouped together
channels are hot and therefore should be masked . Plot shows rate as a function of global threshold
Can also be used to characterize the noise register

x-axis: strip number; y-axis: injected charge; z-axis: number of

hits out of 100

-10-



CMS-GEMAFiHRE: 2H 2382

JERGEMERM SFH M AL F @ W (BRE. Aera Jung. HRAF) -
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QCAM BB DL AR 8 v - FRL AL L IS T )

Ortec 142PC
Ortec 474

= Coarse Gain: 4

= Fine Gain: 4

= Diff. Time: 500ns

= Int. Time: 500ns
Caen N844

= Threshold: 140mV
Ortec 974

= Acquisition Time:

60s

(Note: same as QC-
instruction)
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K

Ortec 142PC

Ortec 474

= Coarse Gain: 4

= Fine Gain: 4

= Diff. Time:
500ns

= Int. Time: 500ns

Caen N844

= Threshold:
255mV

Ortec 974

Acquisition Time: 60s
Keithley 6482
Ag X-ray

HV: 40kV

Current: 50uA

Note: noise is high!

Effective Gain

5.E403

z

5.E401

540

* Gain e 80
¢ Rate . ‘
_m [Gain] 1= 1F-Dgeosnn

R*=0.5353

o o a *

590 640 690
Divider current (uA)

740

- 15000

g
Rate (Hz)

- 5000
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® GEMIRI 25 N HEZRAE [E N BF 1. 5/ — L P ANFR34MEZR20194E9 H iz 2ICERNIZEAT 1M
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Fisk, 20204F6 H BH T & )5Reviewsil, T 16 E 4 224075
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CMS-GEMHAZHE: FRANHEZLH K 5 A =

GE2/1 GEMERWMIZENHEZRAEF EAE =N EBReviewsi (20206 H2H)

R&D and prototyping of GEM external frame in China R&D and prototyping of GEM external frame in China R&D and prototyping of GEM external frame in China

i) CERN test results:
Apr. 2019: factories contacted for the frame production: Machining Workshop of PKU,
Axicomb etc.... downsized frame prototype were produced,

to study:

* FR4 material characteristics,

* thickness tolerance control,

* coating technique ..., ‘
concluded that thickness tolerance control is very j
challenging, conventional machining is not enough,
need special technique or tooling.

Jul.-Aug. 2019: full size GE2/1 frame prototypes
(without coating) were produced in both factories, 7ok 30t 7k 30 20k
tested at PKU, and were brought to CERN.
* Thickness tolerance control was promising,
although improvement needed,
« Axicomb’s product was preferred.

Dec.-Jan. 2020: a set of full size GE2/1 M1-M4 frame prototypes (with coating) were
produced in Axicomb, tested at PKU, and brought to CERN for test.

Position of measurement

*-A

Axicomb improved machining technique,

developed a tolling of vacuum sucking Frame M1 @ Frame M2 .
device to fix the FR4 panel during the milling ! N
process. i .

Frame M3 Frame 18

tolling for frame milling . s "

Conclusion: thickness tolerance control and coating satisfactory.

Labelling: GEM Frame QC Check list (draft)
) mz=m
ER4 panel Production Process for GE2/1 Ext. Frame
P Plot of QC result for each frame (e.g.: from Jeremie’s test at CERN)
® $IA T Miling
GEM ext. frame T
HEVMC 16801 # M GE21 M3 / M4 — Frame M3
Base material / N7 / M8 FHARIER. MISNK
information: R+, BERSERT. 7.5 21
7.4
* Provider: This VMC1680 machine 73 [T e e it e e "
*  Production no: processes GE21_ M3 / M4 / M7 / 72
* Procure date: Coating material M8 frames, Processing overall 71 L2
* QCresults: dimension, thickness and slot j
- ' e i e e SR e GE o aa o e e R e = s e S 1.8
Frame labelling: dimension. " 4
6.9
*  Production no: 6.8 17
(P/GE21-Mi-##) | O P "
* CMS-GEMID no: il 16
6.6 —e—Thickness «-Groove Depth «-Goove Width
6.5 15
o 10 0 30 w0 s0 0

-15-



CMS-GEMHAZKHE: FRANHEZLH K 5 A=

GE2/1 GEMRM 25 A HEZEE F B A= N Review W& 18 -

o HREAE PRI A RS N HEZERE S5 AR IR,  Axicom A B AR PR AR i % TR AR 4T & CMS-
GEMZE R

o XEE—UNGEMAEZE R it AhR A AT R M IR AL HE

o JTHATE AT BARFIE. databaseZE AR TR IR o

Production and delivery schedule:

Day O: contract signed, start base material procurement Note: the actual prod uction order and

delivery plan can be decided later

& >{ base material procurement completed

M1 frame M2 frame M3 frame M4 frame

prod. prod. prod. prod. Delivery of M1-M4 frames to CERN

Delivery of M6-MS8
frames to CERN

M6 frame | M7 frame ] M8 frame ] M5 frame
prod. prod. prod. prﬁTd.

=i Bl




CMS-GEMF+Z& i3t E: GEMIR I ZE AR 7T

VI EGEMIRIBERFR (AeraJung, =LK, FHE)

Plan Simulation of Quadruple-GEM detector (compare with Triple-GEM detector)
N Simulation of GEM foils
On 3(4)-GEM Misalignment Comparison Conclusion = —
Effective Gain » o
Signal strength spectrum Energy Resolution Transparency 0 80000
70000
On 3(4)-GEM Misalignment Comparison Conclusion B 0000
Time Resolution
Different Condition Change GEM Distance 50000
40000
On 3(4)-GEM Misalignment Comparison Conclusion 30000
Spatial Resolution
Different Condition Change GEM Distance 20000
10000
On 3(4)-GEM Misalignment Readout Capacity Conclusion 0
Others : -
IBF Chargingup e X [em]
o o B e e S T T T e -5‘12 " ;
7t ; 1 - Simulation
£ | Experiment {%4 % - { 4-GEMAr: C0,=70:30
HV input @ HV Input effective gain ~10* _515l 'Y o= *\\\t
=L Iy W 1 I — i
2 e =% 1 o . o
@ T I T
10 ' L
) - £ FL 1 6
10M e 7
I IV £t 1
- 57 ? o+
smm . i Quadruple-GEM 1 C
3 - (Indian model; Ar: CO2 = 70-30) 1 - Quadruple-GEM
i GO TR A S S o L (lndlanmodelArCOZ 7030)
& 05 1 48 2 25 3 35 I A N SN i W
0 0.5 1 1.5 2 25

E, (kV/cm)

35 4
E, [kV/em]
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> EFXTE Y B SCLS (dndlab-SoLID)Ei kR, HE AN A T
3K, W S TR] 43 B0 T 20ps FIMRPC

> R ) 7N H T MRPCI [ g, 2 1 MRPCH I 8] 73 7
B, I TE] 73 7k 2 16ps

> W FHRES T =T ECRMRPCHIHT B3 OR A

> 3 MRPCHTH
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+HAT
D o DominoRing |
’ Lo
— Uy u 4 |AdC
)’ ttiift
E SCA Sampling Cap. '
J
H
| MRPC LSS BRARERE
MRPC Experiment: thin gap, LSTM
£ 70F resi
a r Entries 791
O - Mean -1.428
Py /, Y Zd 0\ 60’_ v
> MRPC4E#): SR 510560k, 44-StackI:324~< B4, : e
50; Constant ~ 69.48 + 3.07
fﬂi%rfh 0.5mm, % T«i'l:lj - Mean  —1.572+0.882
40: Sigma 23.77 +0.66
> BT R AT I+ SCA R I KA 30" e T
> RIS i 2R 4 20
10F
> ZRINAAS 2R 1] 7 HER 16ps :
Levvalanal

Coooeloraales 1
900-150-100-50 0
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EEF L ERSEERKNERT, SWIKCVPET/ETEBIELRIT:

~95% 4-5% 0.3% . !
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[ HsC” } “CHs F |‘*-|= FF H F F
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WA TAESAARFIGWP IR ITAESAAIGWP
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I+ mo : — 1\, e Hro
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CMS-MRPCHF AR HERE: FEHEIMRPCHIH

R T BEFCRA R SRS, B AT RE RIS 1T HIMRPCHRAR R B . B ZIMRPCH] LA
BB REIMRE B 7

New thought for sealing
Using outermost glass plates and sealing frame

—— Gas inlet _— PMMA scaling frame

7 _—— Honcycomb board Lyu, P., et al. "Development and performance
=== — mot®  of self-sealed MRPC." JINST. 12.03 (2017).

Mylar

..... v ~ Low resistive glass

Nylon monofilaments
~ spacer

e ylon column

Figure 3. The sectional sketch of the double-stack MRPC prototype with the self-sealed

T — Mylar
- - - — 1 '~ carbon film
- ®  ® ® © © ~__Fishing li
Different thoughts: =+ = o25mm>
PCB or glass plate as sealing e e e e || ——
pane| ) L ﬁ!\
f " / / AN
Electrode glass Inner glass Seal bar PCB board Bolt
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2 T 1 . . - .
I : Time - velocity cogre —
L cluster size - N
NonLinearFit1 - 0.95 Entries 3178
1.8 s Mean 9.291e -06
0.9 Std Dev 0.09194
F 1 2 x* I ndf 66.09 /37
L 0.85 - Constant 2903 +6.9
8164 . [ 2 C Mean  -0.001097  0.001535
o [ - - Sigma 0.08553 + 0.00132
9 LN 0.8 'S L
U 1.4 o Co.75 1 0 F
Fo.7
1.2 r
- 0.65 1
L I R S S e S S s S X
4,600 4,800 5,000 5200 5,400 5,600 5,800 6,000 _4 _2 0 2 4

HV (V) ATO04 [ns]

> SR E: < 1SCCM
> A >95%
> IF[A] 73 % ~60ps

> a3 == N AR S CEE PR Ui
O RATIN AR A
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LHCb-Sci-FiF} i B

2018-2019: Redesign of PACIFIC Frontend Board & Mass Production

2018.09 - First 250 PACIFIC Frontend Boards finished !
(for first C-Frame of SciFi)

2019.09 — Finished all 2,528 PACIFIC Frontend Boards !
(647,168 channels)

-23-
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2019: QA System for PACIFIC chips & PACIFIC Frontend Board

N *.
\ N 4 \ : T

/-

QA test running : 10 ASICs/run
, ~100ASICs/hour

LM EERIFASci-Fi ProductionZ{iEZE:
https://scifi.physi.uni-heidelberg.de/db/prod/ LL

final check the QA test routine

New PACIFIC ASIC (total: 1410 csv. scsv)

s
ACIFIC Boards
. Show it
Operations
Dimenzions Initial | Configured Summary
Location | [sm x mm x [ 'L'ﬁl_ current | current report | Raw data [.root] e
m] e Ima] | [wA] L.pdf] —
ur R (Dala AsicOA lestsystems ASICID PACIFICS O
P00y A PACIRCS.0" 20180526 20180607 0 a 12 fats o 0 - oo 0 o
20180007 15 48 48 by K on
PACIFICS @
v 2100
PACH
EPAQO010 o 5 2018 mDAC ails Madit
FACS
FACCS O Mo 2 8 e i CeelLMSCDRMORGLE e
finish all 1%t batch 1420 PACIFIC5q test == = = ===~ =~ o -
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2019.09: Final test result for all in Tsinghua and Valencia

s 2528 boards:

Working: 2297
Baseline too low: 183
No ideal value: 14
Input bad: 6

Trim DAC fail: 5
Current fail: 4

ASIC database problem: 4
Welding problem: 3
S-Curve problem: 3
Data output bad:3
12C fail: 2

Other failure: 2
REFRESH bad: 1

Voltage sensor fail: 1

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

90.9%

7.2%
|_| 0.6%00.2960.2%0.2%0.2%0.1%0.1%0.1%60.1960.1%60.0%60.0%
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20194E9H , JHMHEREZE 4525284 (647,1681H

J+3Z fFCERN,

i) SciFifyim H 151k,

Production:

PACIFIC Chip 100% produced and tested
- PACIFIC Board 100% produced and tested
» Cluster Board 100% prodcued and tested

Master Board Preseries 50 MBs: ok

Main production (570 boards):
Batch 1: 96 MBs in July
Batch 2: 104 MBs in Aug
Batch 3: 100 MBs in Sep
Next batches: 08 Nov, 06 Jan

Mechanical Parts | 100% produced

~

Front-end boxes Preseries (23) ready — frame1
Batch 1: 30 boards at CERN

Congratulations to
« Tsinghua, Valencia, HD
* Clermont-Ferrand

FEB finishing determined by
MB schedule: Significant

2019%10830H, CERN-
RRB-2019-1085 41 5%E
KEFSTARISCiFiRTiRAEFZ
R HRERS, RERBIT
96%"

%ET?RA*D Iu\lgj-o

20195108 158HAYSciFi Institution
Board&i¥ k, SciFifGroup Leader
Prof. Ulrich UwerZ& | JHLSciFiglimEF
FiRABIEEPIRF) R, [

il'éi \\i
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® CMS-GEMZ BRI 1 25 TAFRERENUM], I 1 2 RN A . T
HEIR 7 HeHh s A% P IR, BARK[AIfF € . GEMARIMI#S WAEZE A== 1R T 46

® EE KA M ST E M REMRPCHT K, IR E S 2 J7 N Tl E g, B3]
I I BT 18] 0 5k 3 16ps. I 7 % B AIMRPC.

® 5t KEA5E I LHCD-SciFi 32 t L1~ ARl sm A 1) Be it gl A Akl (25005k
o, BE T SEA R RV
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