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Baseline

Input from new proposed DMR

Bunch Days # colliding | # colliding . IP1/5 LHCb L .,
Efficiency | intensity Intensity IP1/5 IP8 OEfrglé s(tar;t) crossing IP(l/r5m<jp)/2 (1e33EJ -
(1e11 ppb) ramp-up |physics [1] |[bunches [2]| bunches H plane H Hz/cm?) [3]
2029 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V 250 2
2030 0.5 2.2 25 25 on 15 15 136 2748 2574 2.5 H/V 250 2
4
2031 0.5 2.2 20 20 on 132 10 154 2748 2574 2.5 H/V 250 2
2032 0.5 2.2 20 20 on 132 10 152 2748 2574 2.5 H/V 250 2
2035 0.5 2.2 15 15 on 132 15 152 2748 2574 2.5 H/V 250 2
2036 0.5 2.2 15 15 on 132 10 195 2748 2574 2.5 H/V 250 2
5
2037 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2
2038 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2
2040 0.5 2.2 15 15 on 150 15 165 2748 2574 2.5 H/V 250 2
6
2041 0.5 2.2 15 15 on 132 10 203 2748 2574 2.5 H/V 250 2

[1]: No ion operation beyond Run 4
[2]: 25ns _2760b 2748 2492 2574 288bpi_13inj_800ns_bs200ns
[3]: Not considering LHCb upgrade after LS4, up to 3% loss of integrated lumi for ATLAS/CMS.
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https://cern.sharepoint.com/:x:/r/sites/HL-LHC/WP2/_layouts/15/Doc.aspx?sourcedoc=%7B888B6427-D591-43A3-9367-D445D440CF4A%7D&file=25ns_2760b_2748_2492_2574_288bpi_13inj_800ns_bs200ns.csv&action=default&mobileredirect=true
https://indico.cern.ch/event/1377881/contributions/5861153/attachments/2826792/4938358/Lumi_LHCbupgrade.pdf

Summary of the luminosity model

> lIterative algorithm that calculates evolution of beam & machine parameters every 5 minutes during
collisions [1], [2]:

(= Emittance evolution: )
l. IntraBeam scattering

Il. Synchrotron radiation
l1l. Crab cavity noise

\ +» Not included: extra emittance blowup from unknown source observed in LHC )

(= Intensity evolution: A
|.  Burn-off decay due to collisions in ATLAS, CMS & LHCb depending on the filling scheme

\ Il.  Additional losses from unknown source based on LHC experience )

= Luminosity:
. . . . . T 7 ‘-"I — g (ﬁ X 3)2 = = * * Bl B2 g ini
« Analytical and numerical integration of 4 integrals o A A B I G. Sterbini python module

» g-Gaussian PDF for the longitudinal plane with q=3/5 or Gaussian PDF

(= Leveling to maximum pile-up or peak luminosity target: )
|.  Continuous B*leveling for CMS & ATLAS with a lumi decay tolerance
Il.  Additional leveling by separation in ATLAS

. lll. Skew separation leveling in LHCb y

(o | .
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https://indico.cern.ch/event/1343931/contributions/5673119/attachments/2790922/4867754/Commissioning%20Run%204.pdf

Based on Riccardo’s Chamonix 2024 talk

Intensity ramp up

Run 4
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https://indico.cern.ch/event/1343931/contributions/5673119/attachments/2790922/4867754/Commissioning%20Run%204.pdf

Variations

Efficiency inBtg:gir:y Inge?wyssity . ’ Cﬁlilll;jf:ng ’ CoIllllé(;j Ing OEfrgié S(Lar:) crlopsls/iSrlg |P(t/r5a(<jp)/2 LH(EZBLCE i
(1e11 ppb) ramp-up |physics [1] |[bunches [2]| bunches plane Hz/cm?) [3]
2029 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V->V/H 250 2
2030 0.5 2.2 25 25 on 132 15 136 2748 2574 2.5 H/V->V/H 250 2
’ 2031 0.5 2.2 20->8 20->18 on 132 10 154 2748 2574 2.5 H/V->V/H 250 2
2032 0.5 2.2 20->8 20->18 on 132 10 152 2748 2574 2.5 H/V->V/H 250 2
2035 0.5 2.2 15->8 15->18 on 132 15 152 2748 2574 2.5 H/V->V/H 250 2
2036 0.5 2.2 15->8 15->18 on 132 10 195 2748 2574 2.5 H/V->V/H 250 2
’ 2037 0.5 2.2 15->8 15->18 on 132 10 198 2748 2574 2.5 H/V->V/H 250 2
2038 0.5 2.2 15->8 15->18 on 132 10 198 2748 2574 2.5 H/V->V/H 250 2
2040 0.5 2.2 15->8 15->18 on 132 15 165 2748 2574 S H/V->V/H 250 2
° 2041 0.5 2.2 1598/ 15->18 on 132 10 203 2748 2574 2.5 H/V->V/H 250 2

”Flat 8/18 cm”




Variations

Efficiency inBtg:gir:y Inge{i?/ssity . P s sl e 2o cr:;ls/iSng 'P(t/rig)lz I_H(Clt';3l_3?eak
(1ell ppb) ramp-up |physics [1] [2] plane Hz/cm?2) [3]
2029 0.5 1.8 30 30 off 101 20 6 2748-> 2440 2574-» 2240 2.5 H/V 250 2
2030 0.5 2.2 25 25 on 132 15 136  2748-> 2440 2574-> 2240 2.5 H/IV 250 2
’ 2031 0.5 2.2 20 20 on 132 10 154  2748-> 2440 2574-> 2240 2.5 H/V 250 2
2032 0.5 2.2 20 20 on 132 10 152  2748-> 2440 2574-> 2240 2.5 H/V 250 2
2035 0.5 2.2 15 15 on 132 15 152  2748-> 2440 2574-> 2240 2.5 H/V 250 2
2036 0.5 2.2 15 15 on 132 10 195  2748-> 2440 2574-> 2240 2.5 H/V 250 2
’ 2037 0.5 2.2 15 15 on 132 10 198  2748-> 2440 2574-> 2240 2.5 H/IV 250 2
2038 0.5 2.2 15 15 on 132 10 198  2748-> 2440 2574->» 2240 2.5 H/IV 250 2
2040 0.5 2.2 15 15 on 132 15 165  2748-> 2440 2574->» 2240 2.5 H/IV 250 2
° 2041 0.5 2.2 15 15 on 132 10 203  2748-> 2440 2574-> 2240 2.5 H/V 250 2

”Round hybrid”:
25ns 2452b 2440 1952 2240 248bpi 12inj mixed
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https://lpc.web.cern.ch/schemeEditor.html?user=lpc&scheme=Studies/25ns_2452b_2440_1952_2240_248bpi_12inj_mixed.json

Variations

Bunch DEVE # colliding - Emit start LHCb L.,
Efficiency | intensity Intensity IP1/5 bunches #cglljhdég(geslPB of SB IP(l/r5m<jp)/2 (1e33EJ -
(1ell ppb) ramp-up |physics [1] [2] (um) H Hz/cm?2) [3]
2029 0.5 1.8 30 30 off 101 20 6 2748-> 2736 25742370 2.5> 2.2 H/IV 250 2
2030 0.5 2.2 25 25 on 132 15 136 2748-> 2736 25742370 2.5> 2.2 H/NV 250 2
4
2031 0.5 2.2 20 20 on 132 10 154 2748-> 2736 257422370 2.5> 2.2 H/NV 250 2
2032 0.5 2.2 20 20 on 132 10 152 2748-> 2736 257422370 2.5> 2.2 H/NV 250 2
2035 0.5 2.2 15 15 on 132 15 152 2748-> 2736 257422370 2.5> 2.2 H/NV 250 2
2036 0.5 2.2 15 15 on 132 10 195 2748-> 2736 2574->2370 2.5> 2.2 H/NV 250 2
5
2037 0.5 2.2 15 15 on 132 10 198 2748-> 2736 25742370 2.5-> 2.2 HIV 250 2
2038 0.5 2.2 15 15 on 132 10 198 2748-> 2736 25742370 2.5> 2.2 H/IV 250 2
2040 0.5 2.2 15 15 on 132 15 165 2748-> 2736 25742370 2.5> 2.2 H/NV 250 2
6
2041 0.5 2.2 15 15 on 132 10 203 2748-> 2736 257422370 2.5> 2.2 H/NV 250 2

/

"Round BCMS”: 25ns 2744b 2736 2246 2370 240bpi 13inj 800ns bs200ns BCMS 5x48b

:



https://cern.sharepoint.com/:x:/r/sites/HL-LHC/WP2/_layouts/15/Doc.aspx?sourcedoc=%7B6F3795C5-6000-48A5-90C9-5B413E832ECB%7D&file=25ns_2744b_2736_2246_2370_240bpi_13inj_800ns_bs200ns_BCMS_5x48b.csv&action=default&mobileredirect=true

BCMS performance in 2024

Emittance start B1H B1V B2H B2V
of injection
(um)
Fills 9575-9663 1.57 1.59 1.5 1.5
Fills 9664-9694 1.19 1.27 1.13 1.16
% -24.2 -20.1 -24.7 -22.7
Emittance end . Btfnch B1 INJPHYS B2 INJPHYS B1 STABLE B2 STABLE
of injection |nten5|t\t/)(1e11
(um) ppb)
Fills 9573-9663 1.59 1.59 1.56 1.55
Fills 9575-9663 1.77 1.71 1.63 1.62 .
Fills 9664-9694 1.62 1.62 1.59 1.57
Fills 9664-9700 1.49 1.44 1.32 1.31
0,
% 157 16 18,7 18.8 % +1.89 +1.89 +1.92 +1.29
Emittance start
of SB (um)
Fills 9575-9663 1.84 1.66 2.25 2.3
Fills 9664-9694 1.57 1.53 1.99 2.04
% -14.67 -7.83 -11.56 -11.3
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BCMS performance in 2024: Leveling time
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BCMS performance in 2024: Performance gain

Fill 9614, Standard

Fill 9667, BCMS
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Considering a turn-around time of 2.5h:
« From 1.22 fb-Y/day with standard to 1.32 fb-1/day with BCMS: +8.2% integrated luminosity for fills
that make it to the optimal fill length (>8h)
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BCMS performance in 2024: Performance gain

Fill 9614, Standard Fill 9667, BCMS
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ls:” Based on BCMS experNience of 2024, 10% smaller emittance

t start of SB + 2% larger bunch intensity _

- 8% gain in integrated luminosity for LHC. Explore feasibility
f BCMS scenario as baseline for HL-LHC?
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Considering a turn-around time of 2.5h:

« From 1.22 fb-Y/day with standard to 1.32 fb-1/day with BCMS: +8.2% integrated luminosity for fills
that make it to the optimal fill length (>8h)
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https://indico.cern.ch/event/1420698/contributions/5977293/attachments/2870466/5025374/BCMS_vs_standard_comparison.pdf

BCMS performance in 2024: Performance gain
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Variations

Bunch Days # colliding | # colliding . IP1/5 LHCb L .,
Efficiency | intensity Intensity IP1/5 IP8 OEfrglé s(tar;t) crossing IP(l/r5m<jp)/2 (1e33EJ -
(1e11 ppb) ramp-up |physics [1] |[bunches [2]| bunches H plane H Hz/cm?) [3]
2029 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V 250 2
2030 0.5 2.2 25 25 on 15 15 136 2748 2574 2.5 H/V 250 2
4
2031 0.5 2.2 20 20 on 132 10 154 2748 2574 2.5 H/V 250 2
2032 0.5 2.2 20 20 on 132 10 152 2748 2574 2.5 H/V 250 2
2035 0.5 2.2 15 15 on 132 15 152->130 2748 2574 2.5 H/V 250 2
2036 0.5 2.2 15 15 on 132 10 195->172 2748 2574 2.5 H/V 250 2
5
2037 0.5 2.2 15 15 on 132 10 198->175 2748 2574 2.5 H/V 250 2
2038 0.5 2.2 15 15 on 132 10 198->175 2748 2574 2.5 H/V 250 2
2040 0.5 2.2 15 15 on 150 15 1652141 2748 2574 2.5 H/V 250 2
6
2041 0.5 2.2 15 15 on 132 10 203>179 2748 2574 2.5 H/V 250 2

“Nominal ions” = “Extended ions”




Scenarios

Scenario Optics Duration Filling scheme

Baseline Round Run4 20cm Nominal ions Standard
Round hybrid Round Run4 20cm Nominal ions Hybrid
Round BCMS Round Run4 20cm Nominal ions BCMS

Flat 8/18 cm Flat 8/18 cm Nominal ions Standard

Vbaseline extended ions Round Run4 20cm Extended ions Standard
Round hybrid extended ions Round Run4 20cm Extended ions Hybrid
Round BCMS extended ions Round Run4 20cm Extended ions BCMS

Flat extended ions Flat Extended ions Standard




Leveling time & optimal fill length
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Run 6 leveling time (h)
Run 6 optimal fill length (h) 8.1 8 8.2 8.8
Yearly integrated lumi (fb-1) 269.1 240.9 270.9 277

* For Run 4, reaching 15 cm instead of 20 cm results in 3.44% increase of integrated lumi per year




Yearly & total integrated luminosity

Baseline Round Flat 8/18 cm ZS?:netljigc? E;)grr:g Fé%l:vrl]g F?)Etiglge%m
BCMS ions exFended exFended ions
ions ions

2029 9.6 9.1 10 9.6 9.6 9.1 10 9.6

2030 208 186.1 210.7 208 208 186.1 210.7 208
) 2031 238.8 213.4 241 254.1 238.8 213.4 241 254.1
2032 235.7 210.7 237.9 250.8 235.7 210.7 237.9 250.8
2035 248.5 222.6 250.2 256 213.8 191.6 215.3 220.3
2036 311.7 278.6 313.7 320.5 275.4 246.2 277.2 283.2
’ 2037 316.4 282.9 318.4 325.3 280.1 250.5 281.9 288.1
2038 316.4 282.9 318.4 325.3 280.1 250.5 281.9 288.1
2040 269.1 240.9 270.9 277 213.2 207.1 232.8 238.1
° 2041 324.3 289.9 326.4 3334 286.5 256.1 288.3 294.6
Total (fb2) 2478.5 2217 2497.7 2560 2259.2 2021.2 2277.1 2334.9
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Realtive yearly & total integrated luminosity

Vbaseline Round Round Flat 8/18
Baseline Round Round Flat 8/18 hybrid BCMS cm
(fb-2) hybrid BCMS cm extiz::ed extended extended extended
ions ions ions
2029 -5.21% 4.17% 0% 0% -5.21% 4.17% 0%
2030 -10.53% 1.30% 0% 0% -10.53% 1.30% 0%
‘ 2031 -10.64% 0.92% 6.41% 0% -10.64% 0.92% 6.41%
2032 -10.61% 0.93% 6.41% 0% -10.61% 0.93% 6.41%
2035 -10.42% 0.68% 3.02% -13.96% -22.90% -13.36% -11.34%
2036 -10.62% 0.64% 2.82% -11.65% -21.02% -11.07% -9.14%
° 2037 -10.58% 0.63% 2.81% -11.48% -20.83% -10.90% -8.94%
2038 -10.58% 0.63% 2.81% -11.48% -20.83% -10.90% -8.94%
2040 -10.48% 0.67% 2.94% -20.78% -23.04% -13.49% -11.52%
° 2041 -10.60% 0.65% 2.81% -11.66% -21.03% -11.10% -9.15%
-10.55% 0.77% 3.28% -8.85% -18.45% -8.13% -5.79%

* Reaching 15 cm in Run 4 results in 3.44% increase of integrated lumi per year
» Slight increase with BCMS (+1%) for HL-LHC
* +3% gain with flat optics
*  -9% if ion runs beyond Run 4
e -10% with hybrid, -19% if hybrid + ion runs beyond Run 4
Loss of performance due to ion runs beyond Run 4 can be partially mitigated with flat optics




Summary
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Backup slides




Variations

Bunch Days # colliding | # colliding . IP1/5 LHCb L .,
Efficiency | intensity Intensity IP1/5 IP8 OEfrrgés(tar;t) crossing IP(l/r5m<jp)/2 (1e33EJ -
(1e11 ppb) ramp-up |physics [1] |[bunches [2]| bunches H plane H Hz/cm?) [3]
2029 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V 250 2
2030 0.5 2.2 25 25 on 15 15 136 2748 2574 2.5 H/V 250 2
4
2031 0.5 2.2 20 20 on 132 10 154 2748 2574 2.5 H/V 250 2
2032 0.5 2.2 20> 15 20-> 15 on 132 10 152 2748 2574 2.5 H/V 250 2
2035 0.5 2.2 15 15 on 132 15 152 2748 2574 2.5 H/V 250 2
2036 0.5 2.2 15 15 on 132 10 195 2748 2574 2.5 H/V 250 2
5
2037 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2
2038 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2
2040 0.5 2.2 15 15 on 150 15 165 2748 2574 2.5 H/V 250 2
6
2041 0.5 2.2 15 15 on 132 10 203 2748 2574 2.5 H/V 250 2

”Round Run4 20 cm”-> “Round Run4 15cm”




