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CMS luminosity measurement using
nucleus-nucleus collisions in Run 2

Abstract

Material about the calibration of the luminosity delivered to the CMS experiment during the lead-lead (PbPb)
and xenon-xenon (XeXe) data-taking periods in 2018 and 2017 at nucleon-nucleon center-of-mass energies of
5.02 and 5.44 TeV, respectively, is presented. Three subdetectors are highlighted: the Fast Beam Conditions
Monitor (BCMI1F), the forward hadron calorimeter (HF), and the Pixel Luminosity Telescope (PLT).

For the PbPb data set, the absolute luminosity is determined by integrating the subdetector rate as a function
of beam separation, using the the so-called van der Meer (vdM) scan technique. Corrections and their
uncertainty are derived based on a series of additional types of scans. One of the so-far dominant source of
systematic uncertainty is related to the horizontal-vertical factorization of the bunch density profiles. The total
uncertainty is includes time stability of the vdM-calibrated subdetector response.

Short vdM-like ( emittance ) scans, performed in CMS during both the PbPb and XeXe data-taking periods,

are studied and considered as promising alternative technique also for planned data-taking periods with lighter
nuclei.
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Horizontal (x) and vertical (y) beam displacement
measurements provided by LHC magnet currents during
the first vdM PbPb scan program in 2018 at CMS. Fill
7442 consisted of horizontal-vertical (x-y) emittance
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scan dedicated to the estimate of the noncollision rate.
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The short scan corresponds to large separation scan

( sep2 ) dedicated to the estimate of the noncollision
rate.

pdf version Calculated x-y factorization correction for the best-fit
model ( supG ) and all studied vdM+offset and
vdM+diagonal scan combinations in fill 7443. The error
bars correspond to sources of systematic uncertainty
added in quadrature for the supG model. The dashed lines
show the first-order polynomial fit to all scan
combinations, with the solid area denoting the total
uncertainty, correlated among the scan combinations. The
hatched areas denote subcomponents of the total
uncertainty: the fit (right incline) and model (left incline)
sources of uncertainty, respectively. The vertical lines
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the scan combinations.

CMS Preliminary 2018 (5.02 TeV)
30l t  supG Model uncertainty
= supG fit Fit uncertainty
Combined uncertainty
251 e - i
F20/ - : :
c I : y
S Vo : :
© :: : :
D15] s ; . "
<) e : e
o 7 Sy
Tio| gL :
> St : ;
osf ] s
0.0 E ' ' i
wdM2 | JwdM3 JvdMa JwdMs
P PP =
Time [min]
pdf version
CMS Preliminary 2018 (5.02 TeV)
| 20010 20011 20012 20013 20014 20015 20006 20017
2.0 Y
. J g
151 »' - Online instantaneous luminosity at CMS during fill 7442.
= 10] ,; [ The top panel is restricted to the period where the em1
Ky ' J scan took place, while the bottom panel displays the entire
! ~ I . .
E 08 | o fill once stable beams are declared with blue (black)
S oo g : denoting the em1 (other) scans. The time format
x 1 —— .
= wfl = corresponds to UTC+1 timezone.
1.0
s
. 20'14 Elll'id 24 FE 2 M P80 P34
t [HH:MM]
pdf version
1,06, CMS Prefiminary 2018 {5.02 Tev)
verage: 0.993 Cross-detector cross section ( vis) ratios corrected for
1 noncollision rate in PLT and HFOC, respectively, from
i emittance scans recorded during fills 7442 7443 and
g' - routine data-taking conditions ( 7435). Fill 7427
Eroop-t-n -1 P corresponds to beam intensity ramp-up. Multiple
& | * . . T o . .
P 4 ! emittance scans in the same fill are numbered. The mean
] L . . .
= ti]1 and the root-mean-square (RMS) variation of the ratios
e are shown. The uncertainty is of statistical nature only.
094 e - - = = "
E g B8 8393935868658
. F |r|u|-|lhe-; . . )

Always CLICK ON the correspondig image before copying: a known bug of twiki %image{} plugin tBat point



https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_4.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_5.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_5.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_6.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_6.png

PhysicsResultsDP21002 < CMSPublic < TWiki

pdf version
_CMS Preliminary 2018 (5.02 TeV)
B0 Mean: 1.007
o: 0.004
%01 The PLT over HFOC luminosity ratio during the entire
eoo] PbPb data-taking period in 2018: the mean and standard
deviation () are found to be 0.7 and 0.4%, respectively.
5001 The cross-detector stability uncertainty corresponds to a

range that encloses most of the various short- and
ol long-term differences between PLT and HFOC.
3001
The cross-detector consistency, i.e., the difference in

2001 luminosity measurements during the vdM fill, is 0.4%.

Integrated luminosity [ub~']

1004

0+ . —— ]
0.985 0,990 0.995 1.000 1.005 1.010 1.015 1.020 1.025

PLT/HFOC
pdf version
CMS Preliminary 2018 (5.02 TeV)

03071 04106 04707 0408 0409 04 |

0.25

0.20 -‘-IL'] v u '"I"u]]'-‘ I Online instantaneous luminosity at CMS during fill 6295.
015 ry Lﬁﬁ I 5‘___[ r The top panel is restricted to the period where the
@ot] | . Y " lemittance scan took place, while the bottom panel
Eoosl W w o] W displays the entire fill once stable beams are declared
S ool with blue denoting the emittance scan. The time format
* - .
= — corresponds to UTC+1 timezone.

- — I.a"-.
661 -_""-—-_______
aal ""—-___________
024 r_---_ .
LT v v l ]~

oo 23:00 00:00 0100 2:00 1300 0400

t [HH:MM]
pdf version
800 CMS Preliminary _ ) 2017 {5.44 TeV])
700 ’ A Y )
1 [Uncorrected cross section ( vis) as a function of the
Y | bunch crossing ID number (BCID) for BCM1F
. P polycrystalline diamond (pCVD), HFOC, and PLT from
;‘ s00] ¢ zﬁg‘éﬂ’cm | the emittance scan recorded during fill 6295. The mean
and one standard deviation are plotted per BCID, while
“* 1 . ] the root-mean-square is 2 3%.
L] '] +
;ino-+ _ ¢ 1 f
2004 1 56; 1000 1500 : 2;00 Ll 2500
BCID

This topic: CMSPublic > PhysicsResultsDP21002
Topic revision: r3 - 2021-02-04 - GeorgiosKrintiras

utwiki - © Perl Copyright &© 2008-2021 by the contributing authors. All material on this
collaboration platform is the property of the contributing authors.

or Ideas, requests, problems regarding TWiki? use Discourse or Send feedback

Always CLICK ON the correspondig image before copying: a known bug of twiki %image{} plugin that point


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_7.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_7.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_8.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_8.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_9.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsDP21002/LUM18001DPS_9.png
http://twiki.org/
http://www.perl.org/
https://discourse.web.cern.ch/c/collaborative-editing/wikis/12
https://twiki.cern.ch/twiki/bin/view/Main/ServiceNow

	Table of Contents
	 CMS luminosity measurement using nucleus-nucleus collisions in Run 2
	 Abstract

	

