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Abstract Luminosity Levelling Procedure
Lumino_sity Ieveling. iS. performed n the ALICE .e_xperlment of the Large Hadrc_)n Collider = Luminosity levelling is required to limit the event pile up probability in ALICE to a few percent.
(LHC) in order to limit the event pile-up probability, and ensure a safe operation for the =  Maximum luminosity which LHC could provide in 2018 heavy ion run: 6 x 1027 cm-2s-1
detectors. It will be even more important during Run 3 when 50 KHz Pb ion-Pb ion (Pb-Pb) = ALICE target luminosity in 2018 heavy ion run: 1 x 1027 om-2s- ;
collisions will be delivered in IP2. On the ALICE side, it is handled by the ALICE-LHC - : . . ' .
Interface project, which also ensures an online data exchange between ALICE and the LHC. Beam separation used to achieve desired lower juminosity in ALICE.
'I‘Al\Jnn a:tr?cgn?/tz(i I:ggnogggkl)%zl"}graiﬂg”ﬁggPvgasrucrl]evvalﬁ]pesir;oer tr?ﬁngrroiohna-r?g;(:snfopllr:))\/;ilrfg The beam separation in units of beam o between the current luminosity and the target luminosity
experience gained. The algorithm is implemented in the SIMATIC WIinCC SCADA can be determined by inverting the luminosity formula as follows [1]
environment, and determines the leveling step from measured beam parameters received
from the LHC, and the luminosity recorded by ALICE. In this paper, the software architecture Ni Ny froy N o |
of the luminosity leveling software is presented, and the performance achieved during the L = L2 rev o F-W-.ea (1) F — (2)
Pb-Pb run and Van der Meer scans is discussed. 27 \/alz,x + 622,x\/612,y T 622,y \/1 +2— % — tan 3
< o oy, 2
Software Architecture @)’
w=e 2ol (3) o = J/pre. (4)
= Schematic of the software architecture of the luminosity levelling procedure
implemented in the SIMATIC WIinCC SCADA environment. Data are sent/received
to/from LHC over the Data Interchange Protocol (DIP) [2].
(dr — dy)?
Received from LHC log L = log Lo — 4o 2 (5) Oret = 2+/|log Lo — 1og Lyet| (6)
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Beam parameters: bunch
— SenttolHC intensities, particle type, Levelling step Ad
beam energy
- J - J
Sinst = 2¢/|log Lo — log L. (7) AJ = |Gret — Jinst- (8)
Machine parameters: P The step size Ad to transmit to LHC is then calculated as per the below ranges of validity for Ad:
number of collidin .’
bunches in IP2, B*:g ﬁ
 crossing angle, D (. N (. | N ( 0 fAd=20.52; Ad = 0.5
| Time averaging of Computation of A o !
| | instantaneous — using inverted - thirlrgél?ilo:a%flﬁd | fAO=20.27 and Ad < 052, Ad = 0.25
| lt)uu?l:nhoisr:fcz:sr;:es luminosity formula P | fAd =0.07 and Ad < 0.27; Ad = 0.06
Instantaneous - / (S / - / fAD <0.07; Ad = 0.025
luminosity, — ' \_ Y,
Target luminosity l r ~

LHC_IF levelling control manager
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= The luminosity levelling Graphical User Interface in the LHC IF WInCC expert
application is shown below.

Experience with Levelling in Pb-Pb Physics

3rd December 2018 during Fill 7494.

= The Pb-Pb physics run at LHC commenced on 8th November 2018 during Fill 7427, and lasted until

ALICE Luminosity Levelling - . : . . *
rT——— ° ° A new optlcs_ was put in place iIn ALICE, with the smalllest .B ever pf 0.5 m.
0.00000 NN e . = Early on during the run, it was apparent that the luminosity levelling procedure was slow to converge,
— S.0e0000 Ls 0.000 and the luminosity itself was half what was expected.
e = After some beam tests by LHC, the cause was put down to a beam deformation and reduced overlap
e 10.0 uto Mode Set for the "enable . .
o — POy ———— at ’Fhe IP dge to .strong local betatron goupllng in IR2. | |
T — ; = This effectively increased the beam size at IP2 by 50%, and reduced the actual steps being applied by
atus Flag i ublished values are valid. -
""""""" a factor 2.
ALICE DISABLED the Lumi Leveling ! ALICE LUMINOSITY SOURCE STATE K |
SS 2 AUTO STEP SETTINGS... | COMMIT | o Fill: 7471
v Target Lumi 0.02 IV Instantaneous Lumi. [Hzjubarn] 0 IV Level Step Sigma 0.025
[V Level Step LHC -0.00810831 % - .
o = - —-g 0.00101 2.0 _ _ _
3= =% % An example of luminosity levelling at the
EM - 8 _0.0008 — | s start of stable beams.
% ; :—_-25_ o g X x A6 (nominal o) '-'% T T
T - =5 5 0.0006] ., e poned 26 (measured o : The step sizes appllec_l by LHC (y_ellow)
e ) Il - - 2 Lre R R R T B R, - iifliﬁrf'riiosed etstep (108 ArE derived from a different routine to
i Te é 00004, e -iC appled step size £ those proposed by ALICE (magenta) due
: % ~ C ut; 3 ' ¢ to the beam size and convergence issue.
= 123_.3 el , 0.5
§E—J T = |- 0.0002 | .- =i
L e e e TS ] ”‘
1971/18 151118 1971118 1971/18 151148 191118 1apine  1onite _ 1j11/e S | | I_._._ | 0.0
4| 2days QR=4_34635_199_499_ 0.00001 )
\ J 0 100 200 300 400 500
p ~ Time (s)
u u L
Van der Meer scans with heavy ion beams S 0s- -
z
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= Van der Meer scans, in which the beams are scanned across each other to determine || "€ char:jget n @16 m?asure_d atter ?_a(éh IitepLVI—\IlaCS S 0.4
. . . | 0
the cross-section, are a useful diagnostic tool to evaluate the performance of the || ©OMPared 1o e siep Size appled by o 8
e . assuming a beam size larger than nominal by 50%. ¢
luminosity levelling. ° 434
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:/VTr?n tf;)e ble;cm;s are C('?(”Idlrr:g r;jabd %n, 6|n.st,t¥]Vh|Ch IS tt)h? beam separation with respect A linear fit applied to the data shows that the &
O the absolute Iuminosity, should be U, as IS th€ case DEIoW. o average change in Ad scales less linearly with the 2 .
= This is the case only when the measured beam emittance is used, and therefore this Is || step size applied by LHC than was observed S
sSeen as a UserI Cal|brat|0n Of the Ievelhng routlne. during proton_proton physics_ -5
2 0.1
Fill: 7440 §
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0.00104 = Lo —<— Nominal separation 54'0 g 0.0 1 — Linear fit: m=0.81, c=0.0
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| ; _ Step size in units of o applied by LHC
0.0008- 302
S | S : . . . . o
s .- = Main conclusions: In order to detect issues with the LHC beams which could affect the luminosity
N 0.0006 | S levelling procedure earlier, a possible solution is to conduct scans during the intensity ramp-up phase
> | 2.0E when the beam intensities are still low and it is possible to collide the beams head-on.
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