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Introductlon

« Muons constitute an important signature of new physics and
their detection, triggering, reconstruction and identification at
CMS experiment is guaranteed by various sub-detectors.

 The quality triggering/identification/reconstruction of muon
could be degraded by background particles in the muon
system.

« The background rate increases linearly with the Instantaneous
Luminosity.

« Understanding and analysing the background is a key point for
maintaining robust operation and future upgrade choices.



S ————

Francesco Carnevali

CMS Muon System

The CMS Muon System is
made by different
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RPC Detectors

« RPC: double-gap chambers
operated in avalanche mode, at
both the barrel and endcap, very
fast response time for trigger.

Graphite coating
Bakelite Spacer I HOURER g

\ ]‘ Mylar sheets /

RB = RPCs in the barrel
RE = RPCs in the Endcap
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RPC Detectors

« RPC: double-gap chambers
operated in avalanche mode, at u
both the barrel and endcap, very
fast response time for trigger.

Graphitef coating

Bakelite SD‘KG'

« When a muon passes through the

Hotmelt glue

v

chamber, electrons are knocked out e 7

of the atoms of the gas.

 The electrons hit other atoms
causing an avalanche of electrons,
these ones are then picked up by
the anode strips.

RB = RPCs in the barrel
RE = RPCs in the Endcap
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RPC Hit Rate vs Luminosity

__ CMS Preliminary __ _ __23pb” (13 TeV)
e The background Hit Rate as a | 3
6 I - _
function of the Instantaneous s [ |- W-2RBfin Tl
. . . @ 20 o
Luminosity shows a linear trend. 71 I :
: = i
i o il
. 15 =

e In this plot two examples for a i E 3 i
= e 2 =
region in the barrel and in the ol —o- . A
endcap. I 0~ e o 1
buiv ne - We e oe HE WP ue o we » B 5L i
E 8 o 12 335° = _
e 2 s 13 305° : :
s 1: Z: 0 _o [ I : L1 5 [ R i T R = ]
s 16 2 Instantaneous Luminosity x 10% (cm?2s™)

' ' ;5 EZ Instantaneous luminosity (L) corresponds to

2 e the potential number of collisions per second.

] 25 94° 2
| . = Nt o

™ s . — *
it dre 3



LHC Fill Scheme

LHC proton beams are trains of proton bunches
— Events are divided depending on whether a “bunch” of protons is passing through the interaction point
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LHC Fill Scheme

LHC proton beams are trains of proton bunches
— Events are divided depending on whether a “bunch” of protons is passing through the interaction point
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LHC Fill Scheme

LHC proton beams are trains of proton bunches
— Events are divided depending on whether a “bunch” of protons is passing through the interaction point
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LHC Fill Scheme

LHC proton beams are trains of proton bunches
— Events are divided depending on whether a “bunch” of protons is passing through the interaction point
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RPC Hit Rate vs BX ID

CMS Preliminary W- 2/FZB1in 2317 ( 13 Te V)

e Analysed data collected in
2018 with triggers in any
bunches in order to estimate
slow neutron background in
non colliding bunches.

Hit Rate (Hz/cm?)

++

700 200 360 400 500 ~ 600 700

BXID

Hit Rate (Hz/cm?)

Hit Rate (Hz/cm?)

e The background rate is
studied separately in

Colliding, Non Colliding,
, and Abort regions.
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RPC Hit Rate vs Luminosity

e To take into account the LHC fill scheme it
was studied separately for the Colliding,
Non Colliding, , and Abort

regions.
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RPC Hit Rate vs n

e The total (inclusive), prompt, and
delayed background rate is shown as
function of pseudorapidity 7 :

o (3)]
n=—In |tan | =
2 n 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

0" 843" T786° 73.1° 67.7° 625" 57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n e
8 T . -r . - - - ——— - - . - - ] 1.2 33.5°
DTs
. CSCs |
B RPCs | 1.3 305°

W GEMs

where 0 is the azimuthal angle

!

R (m)

L
I

-
®

Wheel 2

| 14 2170

3

(=]

_ 15 252°

=] =
w| 2]
W) &
ot
N ME1/3

| 16 228°

| 1.7 20.7°

| 18 188°
|19 17.0°

| 20 154°

| 2.1 14.0°
|22 126°
] 23 11.5°
24 104°
25 94°

| MB1

x
[ |=|
o
=

Solenoid magnet

30 57°

SIS l _ I

40 2.1°
5.0 0.77°
1" 12 z(m)



1.1

Francesco Carnevali

RPC Hit Rate vs n

e The , associated to the slow neutron
background of the cavern dominates in the outermost barrel
station (RB4). Background rate at fixed
value of
. . . . 34 2 g1}
e Prompt background is associated to collisions 10°" cm ' sTinstantaneous
luminosity
e Both prompt and delayed components contribute to the total
background rate in the endcap station shown.
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Run2 vs Run3

_ CMSpreliminary 2.3 (13 TeV), 0.42b” (13.6 TeV)
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Run2 vs Run3

. CM$ P(elipiqaw . 2;3 b’ l(13: TeIV),l 0.42 {b"l(1.’li6 lTeV)
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Conclusions

«Understanding and analysing the background is a key point for
maintaining robust operation and future upgrade choices.

*The background rate increases with the increasing of instantaneous
luminosity, the LHC filling scheme affects the background rate.

*Prompt background rate increases with the absolute value of
pseudorapidity, while the delayed background rate dominates in the
barrel outermost region.

*Multiple mitigation actions, the most prominent being the installation
of set of shields during the LS2, show big reduction of background in
the outermost barrel region, improving the longevity and stability of
the chambers.



Thank you!
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RPC Hit Rate

Z nClquel”l (At) Bakelite Soa{\er J‘! N Ho/t;lt glue
° _ .:1 | ‘
e Hit Rate = i ‘
nx At x area .

the At window related to the i RPC Nk f

N L ————;——[r@
o nCluster,(At): number of cluster in ,,
e

BX Gas gaps —\11on strips
Readout window -> n=6
RPC BX

= n: number of RPC BX considered.

From -2 up to 3.

= area: effective area, computed In each RPC BX is counted
excluding the “off or noisy the numbers of Clusters.
chambers”

Cluster: a set of 1 or more contiguous strips
producing a signal. The number of strips is the cluster
size. CMSSW object-> “RecHit”
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LHC Fill Scheme

Fill Scheme 25ns_2556_2544_2215_2332_144bpi (2018) - Fill 7315

beam 1 19.14us
beam 2
Te 12 12 ¥ie 485 Te 48 3l¢ 48d Te 48b e 480 3le 48b Te 48> e 48b 31c 48b 7e 48b 7e 48b 35e
D filled 41.44us
D colliding 48b 7e 48D 3le 48D Je 48D 7e 48D 31e 48b Je 48b 7e 48b 31e 48b 7e 48b 7e 48b 31e 48b 7e 48b 7e 48b 35e
63.75us
48b 7e 48D 31e 48b Te 48b 7e 48D 31e 48b Te 48b 7e 48b 31e 48b Ve 48b 7e 48b 31e 48b 7e 48b 7e 480 35e
88.92us

48b 7e 48D 31e 480 Te 48> e 48b 31e 48b Te 48b 7e 48b 3le 48b 7e 48b Ve 48> 3le 48b 7e 48b 7e 48b  150e = abortgap

1 48
batch of 48 bunches spaced 25ns
batch spaced 7 BX, 3 batch/injection
injection spaced 31-35 BX, 19 inj
abortgap 150 BX (3.74us)

e LHC fill scheme can affect the background rate in the CMS Muon System.

e Rate is dominated by the one measured in collisions, the number of events (triggers) in
colliding bunches is greater than in Non Colliding ones.
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LHC Fill Scheme

*Each entry correspond to an
L1A from CMS

*Dedicated trigger in the
ZeroBias dataset:

o for the first colliding bunch
(BX 62)

o for the last colliding bunch
of each train

o Good statistics in Colliding
BX and triggers also in
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RPC Hit Rate vs BX ID

CMS Preliminary W2/F?B 1in 2317 ( 13 TeV)
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RPC Hit Rate vs BX ID

CMS Preliminary W2/F?B 1in 231’ ( 13 TeV)
* Analysed data collected in - Ny mm WW ....... WW‘% Ws‘* M‘“ﬂ‘% ’WM :”WM“WW
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RPC Hit Rate vs BX ID

CMS Preliminary W- 2/FZB1in 2317 ( 13 Te V)

)
>

e Analysed data collected in
2018 with triggers in any
bunches in order to estimate
slow neutron background in
non colliding bunches.

Hit Rate (Hz/cm?

Hit Rate (Hz/cm*,

e The backgroundTrate is
studied sepaiately in
Colliding;"Non Colliding,

, and Abort regions:

Hit Rate (Hz/cm?)
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* From the linear fit, the 1034
cm™ stinstantaneous

luminosity total background

rate for different regions
was obtained and its trend
was evaluated as a function
of the pseudorapidity.

« Total background rate
increases with the absolute
value of pseudorapidity in
the endcap, while in the
barrel it decreases with the
increasing of the distance to
the beam until the not
shielded region (RB4).
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RPC Total Hit Rate vs n

CMS rreliminary (s = 13 TeV, 2.3 (2018)
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RPC Hit Rate vs n (Barrel
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RPC Hit Rate vs n (Endcap)
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RPC Hit Rate vs @ (Barrel)

*From the linear fit, the 1e34
U instantaneous luminosity rate
for different regions was
obtained and its trend was
evaluated as a function of the
¢ angle.

=0

Yf 3’; «Each sector has a granularity

/ Y of 30 degrees (points in the
7/ E‘P X next slides represent the
& middle of the barrel sector).
The value ¢ = 0 is related to the
first sector.
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function of the azimuthal angle @, at the reference LHC Instantaneous Luminosity of L = 10
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RPC Delayed Hit Rate vs @ (Barrel)
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RPC Hit Rate vs @ (Endcap)

*From the linear fit, the 1e34
instantaneous luminosity rate for
different regions was obtained and
its trend was evaluated as a
function of the ¢ angle.

« Granularity of 30 degrees, which
are three chambers (of 10 degree
each) has been considered. The
value ¢ = 0 is related to the three
chambers 36,1,2.

Ring 3

Ring 2
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RPC Total Hit Rate vs ®@ (Endcap)
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RPC Hit Rate vs @ (Endcap)
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RPC Hit Rate vs n
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RPC Delayed Hit Rate vs n
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* From the linear fit, the 1034
cm™? stinstantaneous
luminosity primary
(prompt) background rate
for different regions was
obtained and its trend was
evaluated as a function of
the pseudorapidity.

« Prompt background rate
increases with the absolute
value of pseudorapidity in
the endcap, while in the
barrel it decreases with the
increasing of the distance to
the beam.
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RPC Prompt Hit Rate vs n
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