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The Compact Muon Solenoid (CMS) is one of the detectors at
the Large Hadron Collider (LHC). With the LHC, scientists are
able to analize proton-proton collisions with a center of mass
energy of 8 TeV, searching for:

Signatures of the Higgs boson
*Super-symmetric particles
*Dark matter

By 2019, the LHC is expected to reach higher energies, up to 14
TeV, which means better measurements techniques will be
needed to satisfy the increase in events.
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*Superconducting Magnet, Solenoid
4T magnetic field to bend the particles’ paths

*Inner Tracking System, Tracker
Measures the trajectories and momentum of charged particles and
reconstructs secondary vertexes

*Electromagnetic Calorimeter , ECAL
Measures the energy of both electrons and charged hadrons

*Hadron Calorimeter, HCAL
Measures the energy of hadron jets, and neutrinos or exotic particles
resulting in apparent missing transverse energy

*Muon Detector, Muon Chambers
Tracks muon trajectories outside of the solenoid
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*Barrel (HB) and Endcap (HE) Measures the trajectories and momentum of
charged particles and reconstructs secondary vertexes

*Outer (HO) Tail catcher for hadronic showers

*Forward (HF) Cherenkov calorimeter
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|/dentifies showers that don’t fit entirely in the HB

*Measures the shower energy deposited after the HB and the solenoid
*Utilizes the solenoid coil as an absorber

Divided into five rings (0,+1,+2)
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HB and HE are composed of
scintillating tiles interleaved
with brass. Together with the
HO, the tiles are read out
using hybrid photodiodes
(HPDs). The  signal s
digitalized via optical fiber by
an Analog to Digital
Convertor/Charge Integrator
Encoder (ADC/QIE).

Mapping of a HB tower to a HO tile inside a

tr

ay.



Due to the higher luminosities (~5E34 cm?2/s) that the LHC will be
facing after the first long shutdown, better measurement

technigues will be needed in order to satisfy the increase of events.

HPDs (Hybrid
*Sensors Photodiodes)

*ADC ASIC




The charge integrator and
encoder (QIE) recognizes

charge values in the range [3fc,
330fC].

It would require 17 bits to
record the entire range.

— Charge is organized into 256
bins
~. Only 8 bits are needed
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Those 256 bins are labeled by a Range (R) and by a
Mantissa (M). There are 4 R, each one with 64 M values.
The M are grouped into 4 sets named Subranges (SR) which
specify a different bin width, or sensitivity, for the chip.

R={0,1,2,3}

M=1{0,1, .., 63}

SRO = SR2 =
{M|0<M<15} {M|36<M<56}
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Adquire experience in both hardware and software
for a better understanding of experimental particle
physics.

Hardware

QIE10 Chip testing
for the CMS

hardware upgrade
in the HCAL.

Software

SiPM  simulation
and analysis
focusing on the
HO subdetector.

12



me

sxoerinaentsl Saten

O

Testboard and daughter boards; the
daughter board is basically an electric
circuit containing the QIE10 chip (red
circle).

QIE10 chip
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Chip readout with Quick BASIC program

! Data adquisition with no pedestal

Finding necessary pedestal settings

Data adquisition with pedestal

Data reading: C++ Data analysis:
programs ROOT macros
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IDTEDIED Exp=rimontal Setup

Mantissa (Range 0)
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*The error bars don’t show because of the scale, they are <1% of the injected charge.
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Mantissa (Range 0)

O}»I\I\\IHHHI\I\\H\H\II\

Mantissa (Range 2)

Mantissa vs Charge (Range 0)

60

50

40

30

20

10

60

50

40

30

20

10

Experi

Zall

/

Test

Chip 1

——— Chip2
—— Chip3
—— Chip4

Chip 5

/8
.

Ideal Chip

100 200

300

400

500

Mantissa vs Charge (Range 2)

700
Charge [fC]

600

Pl

e

Test
Chip 1

——-— Chip2
—— Chip 3
—— Chip 4
—— Chip 5

—— Ideal Chip

1
500

0

10000

Mantissa as a function of injected charge for range 0, no pedestal, tor each ot the 5 chips.

L1 | I | L1
15000 20000 25000

30000 35000

40000 45000
Charge [fC]

maiym
[ ARSI

Mantissa (Range 1)

Mantissa (Range 3)

ta! Setup

Mantissa vs Charge (Range 1)

60 -
50|~
40|
30F
- Test
7 Chip 1
20 - — ch;gz
[ —— Chip3
— —— Chip4
[ —-— Chip5
107 dealChip
0 _\ L L L L 1 1 1 | 1 1 1 1 | 1 1
1000 2000 3000 4000 5000
Charge [fC]
Mantissa vs Charge (Range 3)
4! = -
s C —
40 f
351 F’r
301 'l/j
251
20~
- Test
- Chip 1
15 F / / — c.df, 2
- —— Chip3
C —— Chi
10C " Ghips
- Ideal Chip
5
0 E L L L L L L L L L L L L L 1 L L L L X1 03
40 60 80 120 140 160 180 200
Charge [fC]
16

*The error bars don’t show because of the scale, they are <1% of the injected charge.
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Mantissa vs Charge (Range 0)

Mantissa (Range 0)
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Charge [fC]

Charge as a function of mantissa range 0, with pedestal 12 = 21fC, for chip 1.
*The error bars don’t show because of the scale, they are <1% of the injected charge.
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Bin Width vs Mantissa (Range 0)
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though the values fall inside the range of confidence.
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Exp=rimantal Setup
Bin Width vs Mantissa (Range 0) Bin Width vs Mantissa (Range 1)
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Exp=rimintal Setup

Expected

Sensitivity
(fC/bin)
3.2
6.4
12.8
25.6
25.6
51.2
102.4
204.8
204.8
409.6
819.2
1638
1638
3276
6552

Mean
Sensitivity
(fC/bin)
2.59
6.03
12.57
25.72
24.43
50.58
101.33
204.73
193.10
401.36
806.97
1627.52
1542.76
3189.33
6450.25

Standard
Deviation
(fC/bin)
0.65
0.66
1.18
1.18
2.39
1.90
7.07
6.79
14.18
14.02
56.60
55.34
117.48
109.67
375.12
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IDTEDIED Exparimontal Setup

*Mantissa-charge relation is qualitatively the same as the ideal
conversion.

*For subranges other than SRO, the chips behave as expected
even with zero pedestal.

*Pedestals are chip dependent though none of them are
greater than the maximum permited (31*2 fC).

*Setting the pedestal fits the mantissa-charge experimental
curve to the ideal one.

*Charge discrepancy < 1%

*Bin widths are pedestal independent but are chip dependent.
*Expectated bin widths are slightly greater than those
computed.

QIE10 performance meets expectations
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! CMSSW Software I

! Simulation files (Python) \

! Generation of 100GeV u in different parts of HCAL = .root file I

! Readout and analysis of simulated hits - .root file I
| |
! SimHits I ! RecHits I ! SimDigis I

Pedestal and gains adjustment in HO

22



SimHits 100GeV/c Muons

SimHits 100GeV/c Muons
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SimHits 100GeV/c Muons

SimHits 100GeV/c Muons
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Charge (fC)

Charge (fC)
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Charge (fC)

Charge (fC)
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SimDigi 100 GeV/c Muons

3
HO SimDigi Charge vs Eta x10
5100 E | Entries 1.086+07 — 200
"‘;' E |[Meanx  -0.0004306
5 0 C | Meany 21 180
g E | RMSx 9.094 —a
80 E | RMSy 0.8384 E —160
05 i —|140
E = Kk
60 = -
0E - . E
C —
40 — —
C — — il
30 ﬂ
20 I————
10
:| | | | | | 1 | | | ‘ | | | 1
035 10 5
5k Muons Tower Eta=Phi=1
SimDigi 100 GeV/c Muons
100 — HO SimDigi Charge vs Eta
2 [ [Entries 1.08e+07
2 90 | Mean x -0.00627
5] | Meany 21
L-:) 80 :— RMS x 9.09
E |RMsy 0.7703
70 =
60 —
50 = -
40 =
30—
2 | ——
10
:| Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il 1
035 0 5

5k Muons Tower Eta=12,Phi=1



Charge (fC)

Charge (fC)
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SEEEDS 0D Fxcerirmnarta! Setuc

*Energy and transverse energy dependence on n is as
expected for SimHits.

*Missing RecHits when ASCIl conditions are not set to
be read directly from files.

*Better signal recognition of SimDigis for rings 1 and 2
due to SiPMs.

*11 fC pedestal for subdetector upgraded with SiPMs
works well to get rid of noise.

*Gains are not, in general, n-dependent for towers in
the same ring.



) cvis > HCAL > Ho g Eqermaente. Setu)

QIE10
Prototype 5

l Radiation test |

Test with full HCAL
| electronics

Topical
Workshop on
Electronics for

HCAL Muon
: Simulations
| )

Particle Set real pedestals
' Physics | for SimDigis
QIE10 final / |
de5|gq, Adjusting gains and channel
production ) quality

[ Upgrade ]
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Expenimen el Setup

*Juliana Whitmore
*Jacob Anderson
Elliot Hughes
*Hector Hernandez
*Roger Dixon and Erick Ramberg

*Carol Angarola, Amanda Thompson and Samantha
Poeppelman
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) cMs > HCAL > HO 2 cAp=imeinal Setup

*Software: QB - C++, Python *
*Hardware: Floppy disk - USB *
*Samples: 5 - >507

* Already in process
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Mapping of the HB tower
to a HO tile inside a tray

HO tyle with WLS fibers
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Layout of the HO trays



Chip 1 mean charge with pedestal 12

m Expected charge| Mean Charge (fC) £ m Expected charge| Mean Charge (fC) +
1% 1%

1 3,87 150 7 155,38
2 6.4 6,58 33 157.2 161,77
3 9.6 10,00 34 163.6 168,27
4 12.8 13,39 35 170.0 174,70
5 16.0 16,22 36 170.0 184,40
6 19.2 19,23 37 182.8 197,42
7 22.4 22,28 38 195.6 209,88
8 25.6 25,62 39 208.4 222 59
9 28.8 28,66 40 221.2 236,03
10 32.0 31,87 41 234.0 249,37
11 35.2 35,08 42 246.8 261,82
12 38.4 38,25 43 259.6 274,40
13 41.6 41,64 44 272.4 287,61
14 44.8 44,98 45 285.2 300,81
15 48.0 48,37 46 298.0 313,41
16 48.0 53,12 47 310.8 326,10
17 54.4 59,24 48 323.6 339,29
18 60.8 65,48 49 336.4 352.00
19 67.3 71,88 50 349.2 364,34
;‘13 ;gz éiig 51 362.0 377.05
— o5 50,50 52 374.8 389,77
- o o7 eo 53 387.6 403,44
: ’ 54 400.4 416,90

24 99.4 103,95
55 413.2 428,99

25 105.8 110,57
56 426.0 441,78

26 112.2 117,21
57 426.0 461,54

27 118.6 123,21
o o5 1 12972 58 451.7 486,93
29 131:5 136'26 59 477.3 Sl
20 1379 o 60 503.0 538,35
a1 124.3 T 61 528.7 564,37

62 554.3 589,78



The ideal conversion between mantissa and input charge (ADC Code)

0 580.0 5214.0 42300
1 3.2 605.6 5418.8 43900
2 6.4 631.2 5623.6 45600
3 9.6 656.8 5828.4 47200
4 12.8 682.4 6033.2 48900
5 16.0 708.0 6238.0 50500
6 19.2 733.6 6442.8 52100
7 224 759.2 6647.6 53800
8 25.6 784.8 6852.4 55400
9 28.8 810.4 7057.2 57100
10 32.0 836.0 7262.0 58700
11 35.2 861.6 7466.8 60300
12 38.4 887.2 7671.6 62000
13 41.6 912.8 7876.4 63600
14 44.8 938.4 8081.2 65300
15 48.0 964.0 8286.0 66900
16 48.0 964.0 8286.0 66900
17 54.4 1015.2 8697.3 70200
18 60.8 1066.4 9108.5 73400
19 67.3 1117.6 9519.8 76700
20 73.7 1168.8 9931.1 78000
21 80.1 1220.1 10400 83200
22 86.5 1271.3 10800 86500
23 93.0 1322.5 11200 89800
24 99.4 1373.7 11600 93000
25 105.8 1424.9 12000 96300
26 112.2 1476.1 12400 99600
27 118.6 1527.3 12800 102900
28 125.1 1578.5 13200 106100
29 131.5 1629.7 13600 109400
30 137.9 1680.9 14000 112700
31 144.3 1732.2 14500 115900
32 150.7 1783.4 14900 119200
33 157.2 1834.6 15300 122500



The ideal conversion between mantissa and input charge (ADC Code)

34 163.6 1885.8 15700 125700
35 170.0 1937.0 16100 129000
36 170.0 1937.0 16100 129000
37 182.8 2039.4 16900 135600
38 195.6 2141.8 17700 142100
39 208.4 2244.2 18600 148700
40 221.2 2346.6 19400 155200
41 234.0 2449.0 20200 161800
42 246.8 2551.4 21000 168300
43 259.6 2653.8 21800 174900
44 272.4 2756.2 22700 181400
45 285.2 2858.6 23500 188000
46 298.0 2961.0 24300 194500
47 310.8 3063.4 25100 201200
48 323.6 3165.8 26000 207600
49 336.4 3268.2 26800 214200
50 349.2 3370.6 27600 220700
51 362.0 3473.0 28400 227300
52 374.8 3575.4 29200 233800
53 387.6 3677.8 30000 240300
54 400.4 3780.2 30900 246900
55 413.2 3882.6 31700 253500
56 426.0 3985.0 32500 260000
57 426.0 3985.0 32500 260000
58 451.7 4189.8 34100 273200
59 477.3 4394.7 35800 286300
60 503.0 4599.5 37400 299500
61 528.7 4804.3 39000 312700
62 554.3 5009.2 40700 325800
63 580.0 5214.0 42300 339000
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IDTEDIED Exp=rimontal Setup

Mantissa (Range 0)

20

10

Mantissa vs Charge (Range 0)

— Test
— Chip 1
I e Chip 2 ]
L —— Chip 3
- ——— Chip 4
— : Chip 5
_ ..................... ) ......................................... ......................................... ......................................... ................... Ideal Chlp ........................ ...............
| cloce e b e e b e e e L
0 100 200 300 400 500 600 700

Charge [{C]

Mantissa as a function of injected charge for range 0, no pedestal, for each of the 5 chips.
*The error bars don’t show because of the scale, they are <1% of the injected charge.
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P Lic > s ) el g Exparimontal Setup

Mantissa (Range 1)

60
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[ ARSI

Mantissa vs Charge (Range 1)

:_ ________________________________________________________________________________________________________________________________________________________________________________________ Chip1 ]
L ——— Chip 2

L —— Chip 3

— —— Chip 4

— —— Chip 5

L i i A —
[ | | | | | | | L | L | | |

1000 2000 3000 4000 5000

Charge [{C]

Mantissa as a function of injected charge for range 1, no pedestal, for each of the 5 chips.
*The error bars don’t show because of the scale, they are <1% of the injected charge.
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IDTEDIED Exp=rimaontal Setup

Mantissa (Range 2)

20

10

Mantissa vs Charge (Range 2)

Test

Chip 1
B ——— Chip 2
— ' —— Chip 3
- —— Chip4
- —-— Chip5
_\ , ................................... |dea| Chip ...................................

o

f ; ; ; ; ; i ; ;
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

Charge [{C]

Mantissa as a function of injected charge for range 2, no pedestal, for each of the 5 chips.
*The error bars don’t show because of the scale, they are <1% of the injected charge.
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5000 10000 15000 20000 25000 30000 35000 40000 45000
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IDTEDIED Exp=rimaontal Setup

Mantissa (Range 3)

Mantissa vs Charge (Range 3)

Ideal Chip

. . . | |
40 60 80 100 120 140 160 180 200
Charge [{C]

Mantissa as a function of injected charge for range 3, no pedestal, for each of the 5 chips.
*The error bars don’t show because of the scale, they are <1% of the injected charge.

x10°
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IDTEDIED Exp=rimontal Setup

Bin Width vs Mantissa (Range 1)

N
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Bin Width [fC]

160 =

Ideal Chip
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100 —
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| | | |
0 10 20 30 40 50 60
Mantissa (Range 1)

Relation between binwidth and mantissa for range 1.
*The error bars corresponding to the standard deviation, computed for each subrange dont show for better appreciation,
though the values fall inside the range of confidence.



IDTEDIED Exp=rimontal Setup
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Bin Width vs Mantissa (Range 2)
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Mantissa (Range 2)

Relation between binwidth and mantissa for range 2.

*The error bars corresponding to the standard deviation, computed for each subrange doesnt show for better appreciation,

though the values fall inside the range of confidence.
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IDTEDIED Exp=rimontal Setup

Bin Width vs Mantissa (Range 3)
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Mantissa (Range 3)

Relation between binwidth and mantissa for range 3.
*The error bars corresponding to the standard deviation, computed for each subrange dont show for better appreciation,
though the values fall inside the range of confidence.
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* 5k Muons generated in all the eta range [-1.262,1.262] for phi=1
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