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double gaussian fits, future developments
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run 3 calibration of luminosity

The current luminosity calibration 1s based on the emittance scans in vdM conditions of 31.05.2022

We have 1 algorithm (PMT) which is kept the same as 2018 to allow comparisons: does not agree well with 2018

Luminosity differences between ATLAS and CMS = study emittance scans

Problem with emittance scans: physics conditions

LHCT{ scans are close to vdM conditions: we see strange asymmetries 1n the first and the last scan 1n the same fill
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LHCT scans - strange asymmetries
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vdM scan program overview

e Date: 10-11.11.2022

o fill 8381

* run 439428

 number of colliding bunches: 144
* no crossing angle

* Jow mu

 beta™: 19.2 m

e Beam energy: 6.8 TeV

v B1 horizontal IP position

v

v | B2 horizontal IP position

v | B2 vertical IP position

T3 2TETS ) N |

SR CMS scans

R ~PXHHA =

time

1V \Y V1 2D scan

on-axis on-axis off-axis
off-axis oNn-axis on-axis
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luminosity algorithms

EA3430 (old A3 - 2018) EA3477 (new)

XN1846 (old A2 -2018) \ A / EA3494 (new)
\ Al

EA3482 (new) /
d A14-201
EA3490 (new) Al6 XN1853 (ol 018)

ALS  Ponzaa (old A15 - 2017)
Al4 P
A21 EA3456 (new) (e) A13

A19 ZU5468 (new R1635)

A2( ZU5469 (new R1635)

A22 EA3463 (new)

EA3387 (old A5 - 2018) / A9\\

EA3451 (old A6 -2017) EA3453 (old A10 - 2017)

EA3457 (new)
EA3485 (new)

EA3438 (old A7 - 2017)

GP4+BG==0, BGsub lucid3
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https://hedberg.web.cern.ch/hedberg/home/lucid3/lucid3.html

Fi1t model

Example of a GP6 fit to the scan curve

Ny F Peak 0080900001y T T T T TS Fit residuals 13.6 TeV 2022
=0.08F Mean: 0.00059:0.00025 +®. ® ScanlBCID103X 1.00 -
Vv - CapSigma: 0.11797:0.00019 ¢ g ] ° Tt
o 0.07F ©2:0.0075+0.0023 N GaussPoly6Const  — — i K
O - ¢3:-0.00001:0.00008 ; . S 0.75
=(0.06F ¢4 0:00021:0.00022 *  Status: 0 7 = :
T 'Y F c6:0.00015:0.00004  § L %n. - 1306417 ] © _
%0.05:_ Bkg: 0.0000110.000005 -“‘ A Mgof - E g 0.50¢
O - . - [
=50.04 K o E g 025
0.035 GP6 - RN :
- : - 0.00 - fd-mmq--- -
0.02 ! . = - | :
— . ) - (@)]
0.01 ' ‘Q\ = g —0.25
OW-P" | | I ’.;‘rw < —0.50
-06 -04 -02 O 02 04 06 T
X Separation [mm ~0.75|
4:_ | | | | | —: : I I I ] I I I ] I I I ] G|P4| ! ] ! ! ! ] ! ! ]
_ ob A e e, E 109602 02 00 02 04 06
= | — SN S S, b o . = — Nominal separation [mm]
(al - o o--® % N ‘o- ¢ o -
—2F y : E
-4E | | | | | |
No obvious asymmetry in the scan curves and stable fits The central points are the most important ones

GP6 models the peak shape better than GP4
= use GP6 as the default fit model
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Emittance growth

_qqglO.Nov. 0 2022 _13530.Jun.LHCFil: 6868 2018
S ! : = : _
= i o i 3 - Jan
., 116 0 ‘\‘ : o
: ] - ‘
114} : 130r
112} ] . : _
i ] 125+t —— +0.60+0.01 um/h -
110¢ ' —— —0.90+0.01 um/h |
108} | b
: 120+ ¢ I,
106} '
- —— —0.26 = 0.00 um/h
104 —— _1.08+0.00 um/h 115}
: + Zx i [
102}
¢ 2, _ * |
100050~ 23:00  01:00 _ 03:00 0500 110™3.60 " 15:00  17:00 19:00  21:00  23:00
Time at peak Time at peak
2. evolution in time for 13.6 TeV 2022 vdM scans 2. evolution in time for 13 TeV 2018 vdM scans

2)2(022 1s decreasing

the difference between slopes 1n x and y 1s important for the correction

= we will probably have a smaller emittance growth correction than 2018 (~0.25%)
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oft-axis scans

Example of a scan curve fit
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on-axis on-axis off-axis

the off-axis scans are used to estimate the non-factorisation etfects

the rates are 1-2 order of magnitudes lower than for the on-axis scans

lucBi2HitOR, GP4+BG==0, BGsub
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Non-factorisation etfect
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2022, GP4 with BG==0, BGsub, lucBi12HitOR off/on 2018, GP4, BGsub, lucB12HitOR off/on
capsigmaX capsigmaY X y capsigmaX | capsigmaY X y
I . 115.867 110.619 [ . 124.329 119.688
on axis on axis
I1 116.186 109.201 I1 126.785 115.617
6.1% | 4.5% : 1.7% -0.8%
I11 Froxi 123.29 114.07 III |off-axis| 128.98 114.71
off-axis
|AY% 121.07 106.82 6.4% | 4.4% IV |onaxis| 130.215 113.285 | 30/ 3.5
V | 113.741 102.285 O V |off-axis| 128.64 109.29 =0 =0
n-axi
v | O 13481 101.429 VI |onaxis| 130.078 110.499

The non-factorisation effects are significantly bigger than in 2018
lucBi2HitOR, GP4+BG==0, BGsub
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ATLAS-DESY luminosity team: small, in Zeuthen

current online calibration 1s based on 31.05.2022 emittance scans in vdM conditions = plan on updating it soon

strange asymmetrical behaviour of beams in LHC{ scans = origin unclear

vdM scans 2022:

* 4 on-axis scans, 2 off-axis scans and an experimental 2D scan

e lower emittance growth effects than 2018

e stronger non-factorisation effects than 2018
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