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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 increase linearly with the Instantaneous
Luminosity.

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



« The CMS Muon System is made by

different sub-detectors:
e Drift Tubes (DT)

o Resistive Plate Chambers
(RPC)

« Cathode Strip Chambers
(CSC)

« Gas Electron Multiplier
(GEM)

« RPC: double galp chambers
operated in avalanche mode, at

both the barrel and endcap, very
fast response time for trigger.

RB = RPCs in the barrel
RE = RPCs in the Endcap
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RPCs in the CMS Muon System
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RPC Hit Rate vs Luminosity
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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 48b 3l¢ 48b 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 48 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 7e 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 The filling scheme shown is used for luminosity production during 2018 and one orbit consists
of 3564 buckets (3564 bunch crossing ID, BX ID) spaced 25 ns.
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RPC Hit Rate vs BX ID

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

e Analysed Zerobias dataset
from 2018D era, in order to
have triggers in any buch and
estimate slow neutron
background in non colliding
bunches.
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e The background rate is
studied separately in

Colliding, Non Colliding,
, and Abort regions.
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RPC Hit Rate vs BX ID

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

e Analysed Zerobias dataset
from 2018D era, in order to = juiss . _ f I [ . “« s
have triggers in any buchand =~ & = o w0
estimate slow neutron
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bunches.
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RPC Hit Rate vs BX ID

CMS Preliminary W-2/RBin 231" (13 TeV)
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RPC Hit Rate vs BX ID

CMS Preliminary W- 2/FZB1in 2317 ( 13 Te V)
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e Analysed Zerobias dataset
from 2018D era, in order to
have triggers in any buch and
estimate slow neutron
background in non colliding
bunches.

Hit Rate (Hz/cm?

Hit Rate (Hz/cm,

e The backgroundTrate is
studied sepaiately in

Hit Rate (Hz/cm?)
o n » (2] o] o o n > (<] w O o n > (<] o] o o N »

;
1700 1800 1900 2000 2100 2200 2300 2400 2500

Colliding;Non Colliding, £ @‘W - N SMmaEN P 2
. < Ay DR RN o LR R . e AL i 403 1T 1 =

, and Abort regtoRs—————— S AHN— ] - T el

N PR T S T T I I A

2600 2800 3000 3200 3400 BX D

No collisions

W —2/RBlin Cluster Rate at 10** Inst. Lumi {em™2s71)



. L a7

Francesco Carnevali

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

CMS Preiiminary {5 = 13 TeV, 2.3 b (2018) CMS ereliminary s = 13 TeV, 2.3 o™ (2018)
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RPC Hit Rate vs n
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RPC Delayed Hit Rate vs n

CMS preiiminary s = 13 TeV, 2.3 ™ (2018) CMS preiiminary Vs = 13 TeV, 2.3 6 (2018)
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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

CMS Preiiminary s = 13 TeV, 2.3 (2018)
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Run2 vs Run3

» First comparison between Run2 data CMS Preliminary 231" (13 TeV), 0.42b” (13.6 TeV)

(13 TeV) and Rung data (13.6 TeV). N%E, 10
I 2
. Background I-ate iS evaluated s 2 :‘q';; : ——&——  Wa+1/RB4 (13 TeV 2544 Colliding Bunches) :
function of instantaneous luminosity T g
fOI‘ outermost region Of the barrel i = —8—— W+1/RB4 (13.6 TeV 2400 Coll?ding Bunches) —
(averaged on phi). i 1
« Over LongShotdown2 (LS2), a set of - -
shields (~40 tons of lead and borated - I ]
polyethylene) were installed to protect 4 : . . _c:f:}.
the top sectors of the external barrel - E T a2 b
(DTs and RPCs) chambers with the aim - e e o |
to reduce background of a factor ~2. 2 e | e A
B I _
« The Run3 background rate is much i |
lower than the Runz2 rate. ol o+ 1 L L1 L1
0 5 10 15 20

Instantaneous Luminosity x 10 (cm?s™)



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 decreasing of the distance
to the beam in the barrel region and 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
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LHC Fill Scheme

*Each entry correspond to an L1A
from CMS
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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
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RPC Hit Rate vs n (Barrel
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RPC Hit Rate vs n (Endcap)

CMS Freliminary Vs =13 TeV, 2.3 fb™ (2018) CMS preliminary  \s = 13 TeV, 2.3 ib™ (2018)
m"lc """""""" EELES BREEAN BEASES | rrzo """"""""" RN FEEE
g RE1/2 + RE1/3 -@ - Total Bkg RE1 | g RE2/2 + RE2/3 -@- Total Bkg RE2 ]
g 8 ~[3- Prompt Bkg RE1 — g + -[5- Prompt Bkg RE2
. . o - = 154~ =
Inclusive (black circle), Prompt = | u- o s il u- ovled i

(red open box) and Delayed (red | re 1 2
filled box) hit rate at T # : o

I 'y A B o
. . . F . a8 5 5% 7
instantaneous luminosity of 1034 % S ML - o
I ‘.':::%:: 32 :—5’ - .-’:" SFE e sl 24
- -1 . . r e « L 1 - xS Y <
cm 2 S 1 1n the RPC Chambers 1n o5 'F' B R R v v v "i.lti‘—l o — ?1 ?Iz R v e ”
N gl
the Endcap as functlon Of the CMS Preliminary Vs =13 TeV, 2.3 fb™ (2018) CMS Preliminary s =13TeV, 2.3 b™ (2018)
A3 A s B L L B B A e | I I LR R EEURES U RS
pseudo_rapldlty' g RE3/2 + RE3/3 -@- Total Bkg RE3 i g RE4/2 + RE4/3 -@- Total Bkg RE4
g + -[E- Prompt Bkg RE3 gzo— -[@- Prompt Bkg RE4 B
X 15+ — c I
T M - Delayed Bkg RE3 T [ - - Delayed Bkg RE4
10': . -1 : ”"’/
I B o ::\‘____.___—«.” .-"'-‘. 3
L - g | )
5 - P
I = B oft ..-m g
a ®-::-§ ::::" o e o 2 8
o1 L AP T TR olhaas s bivaes Prapa Lo vrslas g laaes Laa
1.2 1.3 14 15 1.6 i B g 1.2 13 14 1.5 16 ¥ d 1.8

Inl Il



. . 1

Francesco Carnevali

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.




RPC Total 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.




R,

Francesco Carnevali

RPC Total Hit Rate vs ®@ (Endcap)

CMS FPreliminary s =13 TeV, 2.3 fb™ (2018) CMS FPreliminary s =13 TeV, 2.3 fb™ (2018)

R e e R R e P B ] L e ! R R R L ) i T
The rate of background and § of ez e A E R P e
: -3- RE-112 ] g -3- RE-2/2
. . . g 8 -~ RE+1/3 E & 8F -~ RE+2/3
noise hits per layer is shown : e | HE gl &

for individual RPC
chambers, as a function of
the azimuthal angle @, at the
reference LHC Instantaneous

b | 3 b A A A e e
3 4 _ 0% 50 100 150 200 250 300 350 0>9 50 100 150 200 250 300 350
¢ ¢

Luminosity of L = 10

CMS preliminary s =13 TeV, 2.3 1b™ (2018) CMS preliminary (s =13 TeV, 2.3 ib™ (2018)

-1

Ng10:,...,,..,,]..,.]....,....I....,””I : NE25_,uu]..u]u..].,n]....I...,,””l i
S . S oF-RE3/2+RE3/3 - RE+3/2 E S | RE4/2 +RE4/3 - RE+4/2

F k -B- RE-312 ] : -B- RE-42

g °F - RE+33 | 3 g *r -e- RE+4/3

T 7 -@- RE-3/3 T -G- RE-4/3




e —_

Francesco Carnevali

RPC Hit Rate vs @ (Endcap)

CMS Prel/mlnary VS=13TeV, 2.3 " {2018) CMS preliminary (s =13 TeV, 2.3 ib™ (2018) CMS Preliminary s =13 TeV, 2.3 b™ (2018) CMS Ppreliminary s = 13 TeV, 2.3 fb™ (2018)
g ST T aas e U RS RS RS RARS Asss s naaa b Ngm_.,.........,....,....l....]....,.....: A AR AAASS MAAAS RN LRSS s nasad B
§ [REL2+REL3 8- RE+1/2 ] § [ RE222+RE23 & RE+2/2 ] S JFERE12+RE13 & RE+1/2 E 3 of RE2/2+RE2/3 & RE+2/2
z 1 z | ] ;9 &= ; of -
T s -3-RE-12 ] T s B-RE-22 . = F -3-RE-1/2 E 7. .F -B-RE-2/2 ]
gL -e-RE+1/3 b g r -e- RE+2/3 ] & 8 -e-RE+1/3 E g 8 -e- RE+2/3 E
= A = L 4 pry £ = C 3
14_ --RE-113 B 14-_ -@-RE-2/3 E T E -6-RE-1/3 E T oF -@- RE-2/3 -:

- Prompt ] i ] oF ; o E

_ P : . - Delayed ; 5 z

3 =1 3 =} 35 <] 5 3

L E + E 1 E -3- 1

F 1 r E FO -4 - 81

] [ AF E af =
2H3 £+ F E
[ 3F =

i . i . Z}Wﬁe

L ] [ 2 e .o =9

Ba o s o g s S o ) [0-—%-9- =a@= -9 E g E

I3 P P Pl P P PSP P B PP O 0 ol b b b b b L 1 o R Y N [T N . o YO N O YOOI VRVIOR | EOVRVIURY. LUV (WO (S -

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 0 50 100 150 200 250 300 350 0 0 50 100 150 200 250 300 350

4 ¢ ¢ ¢

CMS preliminary s =13 TeV, 2.3 fb™ (2018) CMS preliminary s =13 TeV, 2.3 fb™ (2018) CMS preliminary Vs =13 TeV, 2.3 fb™ (2018) CMS preliminary (s = 13 Tev, 2.3 fb™ (2018)
N’E““’_‘I""I""I""l'"'I""I""I"""_ -CE“IC:'I""l""I""l""l""l""l""" Flc-'l‘"‘I""I""I""I""I""I""'H F"E'I""|""|""|""l""l""l""'
S [ RE3/2+RE3/3 - RE+3/2 ] S of-RE4/2 +RE4/3 - RE+4/2 § of RE3/2 + RE3/3 & RE+3/2 E § L RE4/2 + RE4/3 -& RE+4/2 .
sk -3-RE-32 ] s f -B- RE-4/2 Tt E [ ]
T sk ] T f R -3- RE-3/2 E . F -3- RE-4/2 ]
g - RE+3/3 1 g °F -e- RE+4/3 g o -e-RE+3/3 E i - RE+4/3 ]
'543 -0-RE-3/3 3 B -@- RE-4/3 L o-RE-33 E £ -o-RE4/3 .

. 1 sF oF E 15 ]

3F ] SE 1

: 4

2 a E

o 3-

: ] £

1= 7] F

:W: b3

1 T N N R PR PR R N ol A P I DT P P P T AT I I P U B I

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 5" 00 150 200 250 300 350 0™ 50" "T00 150 200 250 300 350

¢ ¢ @ ¢

The rate of background and noise hits per layer is shown for individual RPC chambers, as a

function of the azimuthal angle @, at the reference LHC Instantaneous Luminosity of L = 1034

em Zs !, split by the prompt component and the delayed component.



