The CMS Beam Halo Monitor
detector system
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CMS ,
Outline

1. Machine-induced background
2. Beam Halo Monitor detector

3. Detector system
— Detector units
— Electronics

4. First results

— Splashes
— Correlation to collimator movement

— Commissioning data
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‘Compact Muon Solenoid

Machine-induced background (MIB) M
'
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Beam Halo Monitor M

* Purpose: Provide an online, bunch-by-bunch, per beam MIB
rate arriving at CMS at high radius
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Problem M

e Many more collision products (~¥10*Hz/cm?) than MIB particles
(Nl HZ/sz) CMS Proton Collisions 7TeV per beam

All Particles at 10000.0 [ub™'s™]
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CMS FLUKA Geometry v.3.0.0.0 Z [cm]

* Must find MIB signal amidst collision products =» factor of 2104
suppression required

* Solutions: DIRECTION-SENSITIVITY and PRECISION TIMING !



CMS

Direction sensitivity M

MIB muon: Arrives with incoming beam.
Cherenkov radiation is seen by PMT.

Cherenkov radiation:

v Insensitive to neutron and
gamma backgrounds

Silica Cylinder

v Prompt signal in time with
incoming particle

v’ Use quartz, radiation hard &
UV transmissive

Black
paint

v’ Large signals —~60 p.e./cm
for forward particle

2014 DESY test beam:
Collision product: Arrives in opposite Background rejection of >99.99%

direction. Cherenkov radiation is absorbed by ~ With forward acceptance of >98%
black paint.
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Timing M

* Golden locations allow for maximum separation in timing

I 1
GLpiq = (1 — §k) - (BX spacing) ~ 1.875m + 3.75m - k

Beam 1 I 25ns ' Beam 2
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Detector placement

e Golden location 6 —
20.6m from IP

e 40 detectors, 20 at
each end

* Acceptance of
21.2 cm?/unit,

£ 424 cm?/beam
S0 * Installed at radius of
> 100 1 1.8m from beam
13 * Placed in ¢-region of
-100[— o
: o highest flux
-200:—
-300;
A g e 10

X coordinate [em]



CRas, ! ,
v Detector units M

* SQO synthetic fused silica: 10 cm long, 5.2 cm diameter,
UV transmissive, radiation hard

e Optically coupled to UV sensitive Hamamatsu R2059 PMT
* 3 layers of magnetic shielding: Permalloy, mumetal, iron
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CiMS, ! .
Detector units M

* SQO synthetic fused silica: 10 cm long, 5.2 cm diameter,
UV transmissive, radiation hard

e Optically coupled to UV sensitive Hamamatsu R2059 PMT
* 3 layers of magnetic shielding: Permalloy, mumetal, iron

R L
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ChS, /| .
Read-out chain M

| Patch .
I . Service Cavern
: panel:
Experimental Cavern I N-type
| to LEMO P VME QDC > s DAQ
' : \ Discriminator/Scaler
sl
|
CKC50: high | QIE10 sl uHTR ——> DAQ
bandwidth, :
double braided
: ; CMS Standard — HCAL Phase | upgrade readout
coaxial I
|

I

=
!\,.
R
S
) —

* Every BX, every detector =2 get 8-bit

charge and 6-bit timing information
— Histogram (LHTR)
e Calculate flux

— Published to CMS and LHC operations
every ~23s
08/04/15 2015 APS DPF Meeting L
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ChS, |
Splashes M

* Indication of directionality: a unit measuring beam 2
sees only beam 2 splashes, no beam 1 splashes

(Beam 2 detector unit, Splashes, 7 April 2015)
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- ompact Muon Solenoid

' Correlation to collimator movement M

(Fill 3679, Circulating Beams, 5 May 2015)
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CMS

Detector commissioning

e Commissioned with low detector thresholds

e Detailed bunch structure seen

* Tail consistent with albedo from cavern

08/04/15

Counts

10
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10°

10

0

(Fill 3858, Colliding beams, 14 June 2015)

Work in progress

| L L du
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Detector commissioning M

* Three bunches of pure background

| (Fill 3858, Colliding beams, 14 June 2015)
Work in progress 55 B3 TDCbhin0

=3 TDC bin 1
10° 1780 1790 1800 1810

B TDC bin 2
08/04/15 2015 APS DPF Meeting Bunch crossing number
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CMS, |
Summary M

* New Beam Halo Monitor (BHM) will provide an
online, bunch-by-bunch, per beam MIB rate arriving
at CMS at high radius

* Takes advantage of directional nature of Cherenkov
radiation and golden location timing to separate MIB
from collisions product signals

CMS CMS Experiment at the LHC, CERN
2 . 2009-Nov-20 21:29
Run/ Event: 121964 / 62138

Nd¥-20 21:29:14/241110 guT
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ADDITIONAL SLIDES
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 ym) ~16m* ~66M channels

Overall length :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

0 g@?‘%‘) CALORIMETER (HCAL)

stic scintillator ~7,000 channels

21



Beam, Radiation, Instrumentation,
and Luminosity

Z=+/- 20.625 m, R=180 cm
BHM:

4| + Fast PMTs, directionality
2l - Backend electronics

Z=+/-11.2 m| Upgraded | z=4/. 1.8 m, R=5 cm Z = +/-14.4 m| Upgraded
HF Luminosity: 'PLT: NEW BCM2L
- Quartz fiber calorimeter + 48 si-pixel sensors Inner ring: 4 sensors,
Photodetectors « Special 40 MHz readout R=5cm

- UTCA backend //BCMAF: Upgraded || - Quter ring: 8

« 24 sCVD diamond sensors, 48 channels sensors, R =28 cm

« Fast MIP counter, triggerless readout

BCM1L:

. 8 pCVD diamond sensors | Upgraded
* Beam background monitoring
* Protection of CMS pixel detector

08/04/15 2015 APS DPF Meeting 22



CMS,/ |
MIB vs. PP A
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CMS

Compact Muon Solenoid

Beam halo contributions
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Chas, |
MIB muons
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CMS

Compact

PP muons

Polar angle wrt incoming beam[deg]
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CMS
PP electrons
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nmce?

Eip, = = 142 MeV for muons

n?2 —1
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CN4S, /| o
Cherenkov radiation

Compact Mu
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Figure 9 The wavelength of the Cherenkov light produced (left) and detected by the photocathode (right)
as simulated when a muon of 4 GeV crosses 10 cm long quartz radiator, entering from the centre of the
front face of the bar.
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* Golden locations allow for maximum separation in timing

I 1
GLpiq = (Z — §k) - (BX spacing) ~ 1.875m + 3.75m - k
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CMS

Test beam results M

e Test beam studies performed at CERN in 2012

Amplitude [V]
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CMS

Test beam results

72N

Normalized Entries

102

102

10

10°%

e Test beam studies performed at DESY in 2014
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Test beam timing

-
o
o
o

R2059 +quartz bar

Mean 3.09
RMS 0.2034

Number of Events
8)] (0 0]
o o
o o

N
o
o

II[IIII]III]IIIIII

200

75 5
FWHM [ns]

—h
b
()
N
N
O
W
w
(&)
N

08/04/15 2015 APS DPF Meeting 33



CMS

Hamamatsu
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CMS

Compact Muon Solenoid

Radiation studies

* Unitirradiated with 3000 fb! of y rays
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Detector units M

* Permally layer
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Magnetic shielding efficiency M

099 & ;
_ b4 ! n n «
= 0.98 x < N
o oo
3 - HPNOG
N 0.97
< +PFO03
= MF08
0 0.96
= MNO3

0.95 EE

0.94

093 T T T T T T 1

0 0.5 1 15 2 2.5 3.5 4 PE5
Magnetic Field (T)
PF6
PF7
~ 0 PF8
eLargest decrease ~10%
PF9
PF10
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*Gain decreases

as field
INcreases
PF1 4 PN1
PF2 ° ® .PN2
® 0.95 .PNS
¢ PN4
0.9 .
PMN5
0.85
08 ° . PN6
0.75 . PN7
07 ® PN8
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" Compact Muon Solenoid

Patch panel

To VME
readout

To QIE10
readout

Reference,
required by
QIE10
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CMS,/ | .
Read-out electronics M

* QIE1O0:
digitizer
Front-End

* UHTR:
histogramming
unit

Custom crate

e Other units:
power, clocks,
slow control,

data read-out

Back-End

uTCA crate

08/04/15 2015 APS DPF Meeting 40



Electronics Overview

Front End Crate Back End (BE) uTCA Crate

40 2* QIE10 e 2* UHTR
PMT AC integrates charge over 25 ns | 2/l:{1204c produce occupancy histograms by binning hits above threshold into
coupled finds rising edge (0.5 ns) d data four sub-bins in each bunch crossing based on the rising edge TDC value

signals+ sends the digitized info to each channel is readout individually every 214 LHC orbits (4 lumi-
references the backend nibbles).

ngCCM
. distributes clock in the crate

GLIB :
*  communicates Histograms

and sends clock

= manages slow control of
to the front-end

crate cards

MCH
. controls power and
house-keeping
. sends out histograms
via IPbus

AMC13
. receives, decodes, distributes clock
(TTC) information

BRIL DAQ

08/04/15 2015 APS DPF Meeting 41



QIE10

* Reads analog PMT signal

24 QIE10 ASICs:

* Integrates charge over 25ns,
produces 8-bit ADC value (0-
340pC)

* Produces 6-bit TDC value
based on fixed-threshold
leading edge measurement
(.5ns resolution)

lgloo2 FPGAs:
e Collect and format data

 Data sent to back-end via

5Gbps asynchronous optical
link

-8
¥ @
§ @
f @
-8
e
-
E o
Xl
| ®
°

08/04/15



CMS

QIE10 Range

ADC Code

70
60 - M‘HF—P‘;‘
2 é‘r—"‘dﬁf
40 - ‘,r"‘J(‘
30
—— Section 1 [
20 —=— Section 2
—— Section 3 &
10 —
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0 I I I I I I
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QIE10 input

4-_se_ct_io_n_ADC
RO ... s s N e N
! :_q 3,6,12, 24 bk Mantissa
] ! mV/bin | S0is
o imv/fc  2amv/fc 192 mv/fc 1536 mV/iC _ t—e—— 7> Exponent

2bts (Range #)

ming Amp +| 'TD —_—>
Discriminator : ___.c.a 6 bis =0

o

Passive
Excess
Charge

4-range
Current

08/04/15 2015 APS DPF Meeting
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" Compact Muon Solenoid

QIE10 block diagram

CaplD
40 MHz ——>" Clock & Phase Control > Out
dintegrate | Reset Range Select | Digitize ?};’HHZ 2 Bits
- 2
Phase Control Table i Gated — Range " —¢
ak | &st | wr | &yG | oi6 N Integrator __,| Select
# SEL ——— CircuitA —*{CircuitA ¢
0 C |D
I v
1 D B C : Gated :: Range — 8
i Integrator __,| Select
| & \ B $—— CircuitB —*{Circuit B ¢
I . —>— Gated — Range ¢
s~ Integrator _,| Select
¢—>— Circuit C —| CircuitC "—¢ - .
BTN Gated —+ Range & FADC &
=1 LMt Data
PMT Curr ent - Integrator __4| Select Out
Sp"tter " CircuitD —={ Circuit D "‘H"‘@hb 8 Bits
' 2 Bits Range
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CMS

Muon Solenoid

Compact

UHTR block diagram M

SDRAM

- By GbE .
Control
DA
LTk L o
- XC6VLX240T XC6VLX195T | TTC
ﬁ
12 l' ¢ T
MUX :
SFP+ |°
|
SFP+ |*
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CMS, | .
Setting thresholds M

e Cut out majority of PP events, in addition to cosmics

h12

h12
Entries 256
10° Mean 2.48
RMS 1.251

| ‘ | ‘ | | | | | | | | | | |-|||_| ’-H H"‘|
50 100 150 200 250

—h
o
oﬂﬁ‘ IIHHII‘ ||||||||‘ ||||||||‘ \IIIIIH‘ |||H|H‘ [T T T T T
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CMS, | .
Setting thresholds M

h12

h12
Entries 255
Mean 0.01196
RMS 0.03118

10"

10°

108

107

108

10°

T T Hmm [T T T T

10*
10°
10?

10

L
100 150 200 250 300 350

(=)
T
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Read-out electronics: VME

" Compact Muon Solenoid

: B i
i 1 \

N SN
1

‘ P
Ik chen A

* Background rate:
Fan out

I"Discriminator

I->Scaler

 Amplitude
measurement:

Fan out
L apc
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CMS/!

Compact Mu

Calibration system M

 Measures health of system over time

UV LED pulses of known timing and amplitude distributed to all
PMTs, plus reference

Mirror

QIE10
- Mezzanine

Detectors

SiPM

08/04/15 2015 APS DPF Meeting 50



CMS

Temporary calibration system M

 Measures health of system over time

N
PMTs, plus reference

|
Mirror :
| BlueLEDs oo
| S
, Temporary
Calibration
I Card
|
Detectors :
|
|
| 4 anode
| PMT
|
I
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CMS, | , ,
Calibration system M

* Delivers pulses of expected signal size, ~600 photoelectrons

2]
2 B
>3
3 B
O 1000—
B Entries 10000 Entries 10000
800 — Mean 3.523 Mean 62.8
- RMS 0.04186 RMS 4.759
600 —
400 —
200—
L | | | | L
0

20 40 60 80 100
Amplitude [pC]
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BHM in BrilDAQ A

 BrilDAQ: based on xDAQ [ LHTRs ]
publisher/subscriber
framework

e bhmsource — reads out
nistograms from uHTRs

,/(__BHM Eventing

 bhmprocessor — calculates /
packground rate for each /
oeam, publishes every lumi /' (_BRILEventing

section (21 orbits =~23s) [/ _— S

08/04/15 2015 APS DPF Meetmg[ Storage ] [ Online Monitoring ]




System overview

HV patch panels

Digitizers
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Splash events

72N

* Send a bunch directly into the TCTs — creates a

‘splash’ of particles in one direction
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Splashes

Beam 1 splashes, PF10 and MNO7

_ hsum_02
o5 _ Entries 6572020
- Mean 1.228e+004
~ RMS 86.71
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VME results
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