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Performance updates &
A first simple model for comparison between SPS
flat bottom duration & LHC injection


https://cernbox.cern.ch/s/1rNMn71TYnqvar9

Reference

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 LHCb L

peak || psses| Emittance

IP1/5 @2 (1633

Year Efficiency | intensity Intensity Proton IP1/5 IP8 crossing

(lell ppb) ramp-up | physics [2] |punches [3]| bunches [°7SB®M | ~hjane (Wrad) |\ e me) 4] growth (um/h)

2030 05 18(16) 30 30 of 101 20  6[1] 2748 2574 25  HN 250 2 110 ExtraV0.04

2031 05 22 25 25 on 132 15 136 2748 2574 25  HN 250 2 110 PCRVOOE
Yo 05 22 20 20 on 132 10 154 2748 2574 25  HN 250 2 110 PEVOO4
2033 05 22 20 20 on 132 10 152 2748 2574 25  HN 250 2 110 PRV

2036 05 22 15 15 on 132 15 152 2748 2574 25  HN 250 2 110 PCRVOOE

2037 05 2.2 15 15 on 132 10 195 2748 2574 25  HN 250 2 110 PRVOO4

2038 05 = 22 15 15 on 132 10 198 2748 2574 25  HN 250 2 110 PRV

5 2039 05 22 15 15 on 132 10 198 2748 2574 25  HN 250 2 110 PCRVOOE
2040 05 22 15 15 on 132 15 165 2748 2574 25  HN 250 2 110 PEVOO4

2041 05 22 15 15 on 1382 10 203 2748 2574 25  HN 250 2 110 PRV

[1]: Reaching 1.6e11 ppb and not 1.8e11 ppb at the end of 2030.

[2]: Same numbers of days as DMR M. Zerlauth, 29 days of ions per year in Run4 and 25 days/year in Run5.
[3]: 25ns_2760b 2748 2492 2574 288bpi_13inj_800ns_bs200ns

[4]: Not considering LHCb upgrade after LS4, up to 3% loss of integrated lumi for ATLAS/CMS.
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https://edms.cern.ch/document/2902691/0.9
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

Reference

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 LHCb L

peak || psses| Emittance

IP1/5 @2 (1633

Year Efficiency | intensity Intensity Proton IP1/5 IP8 crossing

(1e11 ppb) ramp-up |physics [2] lbunches [3]| bunches |°FSB M| “piane (brad) {4\ /em?) [4] growth (um/h)

2030 05 18(16) 30 30 of 101 20  6[1] 2748 2574 25  HN 250 2 110 ExtraVv0.04

2031 05 22 25 25 on 132 15 136 2748 2574 25  HN 250 2 110 PCRVOOE
Yoo 05 22 20 20 on 132 10 154 2748 2574 25  HN 250 2 110 PEVOO4
2033 05 22 20 20 on 132 10 152 2748 2574 25  HN 250 2 110 PRV

2036 05 22 15 15 on 132 15 152 2748 2574 25  HN 250 2 110 PCRVOOE

2037 05 22 15 15 on 132 10 195 2748 2574 25  HN 250 2 110 PRVOO4

2038 05 o 15 15 on 132 10 198 2748 2574 25 HNV 250 2 110 E"téz :fi'soe“ ¥
s 05 22 1 |  Emittance growth at collisions ~ |2574 25  Hv 250 2 110 PCRVOOE
S a—- | Luminc;sity mc;del wuth IBS & SR & extra emitance growth | de V2, 15em 50 2 110 EXtCrz \r:(?i'soez‘ *

x,‘ (g)cc ~ 0.115pm/h - 63MV)E B 50 P Extég\;(;)i.SC;4+

Emittance (um)

Data x-plane

Data y-plane

| Impact on integrated luminosity: Modal A-piene

~—— Model + extra blowup y-planc

I 2-3% loss for fills that reached 1 : |
N optimal fill length & 1=2.5 h




Variations

Flat optics |

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 LHCb L

peak || psses| Emittance

PLS @/2| =) ot

Year Efficiency | intensity Intensity Proton IP1/5 IP8 crossing

(1e11 ppb) ramp-up | physics | bunches | bunches |°TSB (MM~ phiane ) | e growth (um/h)
2030 05 18 30 30 off 101 20 6 2748 2574 25 [HVOVH|250 2 110 Extrav0.04
2031 05 22 25 25 on 132 15 136 2748 2574 25 [HVOVH |250 2 110 PRVOORT
Y 20 05 22| 2038 20318| on 132 10 154 27as 25714 25 |avsvm|2so 2 1o o
2033 05 22 | 2098 20>18| on 132 10 152 2748 2574 25 [uvdwvH|2s0 2 110 DORNOOET
2036 05 22 | 158 15318 on 132 15 152 2748 2574 25 [HVOWVH[250 2 110 PRTVOORT
2037 05 22 | 1558 15518| on 132 10 195 2748 2574 25 [wvdwvmH 250 2 110 DORYOOET
2038 05 22 | 1558 15>18| on 132 10 198 2748 2574 25 [HvOwH[2s0 2 110 DORNOOET
" | e | 22 || mon |mom| @ 132 10 198 2748 2574 25 [HVOVH[250 2 110 PRVOORT
2040 05 22 | 1558 15>18| on 132 15 165 2748 2574 25 [uvdwvH 250 2 110 DORVOOET
2041 05 22 | 15>8 15318 on 132 10 203 2748 2574 25 |HVSVIH | 250 2 110 E"tég \43'524 *




Variations

| Smaller initial emittance at start of SB (~12%) |

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 IP1/5 @2 LHCb L

peak || psses| Emittance

Year Efficiency | intensity Intensity Proton IP1/5 IP8 (:rossing (1e33

(1e11 ppb) ramp-up | physics | bunches | bunches |°FSB (M| " pine el | growth (um/h)

2030 05 18 30 30 off 101 20 6 2748 2574 | 25922 |Hv 250 2 110 ExtraV0.04

2031 05 22 25 25 on 132 15 136 2748 2574 | 2522 |HNV 250 2 110 PCRVOOE
Yo 05 22 20 20 on 132 10 154 2748 2574 | 2522 |HNV 250 2 110 PEVOO4
2033 05 22 20 20 on 132 10 152 2748 2574 | 2522 |HNV 250 2 110 PRV

2036 05 22 15 15 on 132 15 152 2748 2574 | 2522 |HNV 250 2 110 PCRVOOE

2037 05 22 15 15 on 132 10 195 2748 2574 | 2522 |HNV 250 2 110 PRVOO4

2038 05 22 15 15 on 132 10 198 2748 2574 | 25922 |HNV 250 2 110 PRV

* 05 22 15 15 on 132 10 198 2748 2574 | 2522 |HNV 250 2 110 PCRVOOE
2040 05 2.2 15 15 on 132 15 165 2748 2574 | 25922 |HNV 250 2 110 PEVOO4

2041 05 2.2 15 15 on 132 10 203 2748 2574 | 25322 |HNV 250 2 110 PRV




Variations

| Nominal BCMS |

IP1/5 LHCb L

Bunch Days Days # colliding IP1/5 @f2

(1633§Jeak Losses Emittance

# colliding Emit start

Year Efficiency | intensity Intensity Proton IP1/5 IP8 (:rossing

(1e11 ppb) ramp-up | physics | bunches | bunches [OTSB (MM pane™ | (Mrad) |y pema) growth (um/h)

2030 05 18 30 30 off 101 20 6 | 2152 182 25522 |HWv 250 2 110 ExtraV0.04

) 2031 05 2.2 25 25 on 132 15 136 2;;‘?: 2%‘;: 25922 |HV 250 2 110 EXtég\r::i;Z“
2032 05 22 20 20 on 132 10 154 | 27982 BT 55522 |y 250 2 110 PRV

2033 05 22 20 20 on 132 10 152 | 2782 BT 95522 [y 250 2 110 PRVOO4

2036 05 2.2 15 15 on 132 15 152 2;;‘3; 2‘22‘;09 25522 |HNV 250 2 110 EXtCrz::ig”

2037 05 22 15 15 on 132 10 105 | 27482 P72 55522 v 250 2 110 PRV
w05 22 15 15 on 132 10 108 | 27982 B2 25522 [y 250 2 110 PEVOO4
2039 05 22 15 15 on 132 10 108 | T80 BIZ 55522 |y 250 2 110 PRVOO4

2040 05 22 15 15 on 132 15 165 | 21952 P72 25522 Wy 250 2 110 PRV

2041 05 22 15 15 on 132 10 203 2;;185? 2275‘;? 25322 |Hv 250 2 110 PEVOO4




Variations

Year

Efficiency

Bunch
intensity
(1e1l ppb)

EWS
Intensity
ramp-up

DEVE
Proton
physics

#colliding | #colliding [ - ..

IP1/5
bunches

IP8
bunches

of SB (um)

IP1/5
crossing
plane

| Reduced losses |

IP1/5 @2
(urad)

Emittance
growth (um/h)

2030

2031

2032

2033

2036

2037

2038

2039

2040

2041

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

1.8

2.2

2.2

2.2

2.2

2.2

2.2

2.2

2.2

2.2

30

25

20

20

15

15

15

15

15

15

30

25

20

20

15

15

15

15

15

15

off

on

on

on

on

on

on

on

on

on

101

132

132

132

132

132

132

132

132

132

20

15

10

10

15

10

10

10

15

10

136

154

152

152

195

198

198

165

203

2748

2748

2748

2748

2748

2748

2748

2748

2748

2748

2574

2574

2574

2574

2574

2574

2574

2574

2574

2574

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

H/IV

H/V

H/V

H/V

H/V

H/V

H/V

H/V

H/V

H/V

250

250

250

250

250

250

250

250

250

250

110>
20
110>
90
110>
920
110>
20
110>
90
110>
90
110>
20
110>
90
110>
90
110>
20

Extra V 0.04

Fxtra 'V 0.04 +
CC noise
Extra V 0.04 +
CC noise
Fxtra VvV 0.04 +
CC noise
Extra V 0.04 +
CC noise
Fxtra 'V 0.04 +
CC noise
Extra V 0.04 +
CC noise
Extra V 0.04 +
CC noise
Fxtra VvV 0.04 +
CC noise
Extra V 0.04 +
CC noise




Variations

| “Low-tail” BCMS |

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5

.. . . i ; IP1/5 @/2 Emittance
Year Efficiency | intensity Intensity Proton IP1/5 IP8 (rossing
(1e11 ppb) ramp-up physics bunches | bunches Oif 12} {1 plane ¢ e (i)
2748> 2574 110> |
2030 0.5 1.8 30 30 off 101 20 6 2736 2370 25222 | HV 250 2 90 | xtra V 0.04
2748-> 2574 > 110> Ejtra VvV 0.04 +
. 2031 0.5 2.2 25 25 on 132 15 136 2736 2370 25222 | HV 250 2 90 CC noise
2748-> 2574 > 110> Ejtra VvV 0.04 +
2032 0.5 2.2 20 20 on 132 10 154 2736 2370 25222 | HV 250 2 90 CC noise
2748> 2574 > 110> Ejtra VvV 0.04 +
2033 0.5 2.2 20 20 on 132 10 152 2736 2370 25222 | HV 250 2 90 CC noise
2748-> 2574 > 110-> Eftra V 0.04 +
2036 0.5 2.2 15 15 on 132 15 152 2736 2370 25222 | HV 250 2 90 CC noise
2748-> 2574 > 110> Ejtra VvV 0.04 +
2037 0.5 2.2 15 15 on 132 10 195 2736 2370 25222 | HV 250 2 90 CC noise
2748> 2574 > 110> Ejtra VvV 0.04 +
. 2038 0.5 2.2 15 15 on 132 10 198 2736 2370 25222 | HV 250 2 90 CC noise
2748-> 2574 > 110> Ejtra VvV 0.04 +
2039 0.5 2.2 15 15 on 132 10 198 2736 2370 25222 | HV 250 2 90 CC noise
2748-> 2574 > 110> Ejtra VvV 0.04 +
2040 0.5 2.2 15 15 on 132 15 165 2736 2370 25222 | HV 250 2 90 CC noise
2041 05 2.2 15 15 on 132 10 203 | 27482 25742 55555 lHV 250 o | 110> Eftrav0.04+
2736 2370 90 CC noise




Variations

| CC emittance growth fully mitigated |

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 LHCb L

e e rensy | proen | P8 | e [orss o ooz | el | G35 G| arowin omm
2030 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V 250 2 110 | ExtraV 0.04
2031 0.5 2.2 25 25 on 132 15 136 2748 2574 2.5 H/V 250 2 110 | ExtraV 0.04
‘ 2032 0.5 2.2 20 20 on 132 10 154 2748 2574 2.5 H/V 250 2 110 | ExtraV 0.04
2033 0.5 2.2 20 20 on 132 10 152 2748 2574 2.5 H/V 250 2 110 | Extra VvV 0.04
2036 0.5 2.2 15 15 on 132 15 152 2748 2574 2.5 H/V 250 2 110 | Extra V 0.04
2037 0.5 2.2 15 15 on 132 10 195 2748 2574 2.5 H/V 250 2 110 | ExtraV 0.04
2038 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2 110 | ExtraV 0.04
’ 2039 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2 110 JExtra V 0.04 +
2040 0.5 2.2 15 15 on 132 15 165 2748 2574 2.5 H/V 250 2 110 | Extra Vv 0.04
2041 0.5 2.2 15 15 on 132 10 203 2748 2574 2.5 H/V 250 2 110 | Extra VvV 0.04




Variations

| V emittance growth fully mitigated |

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 LHCb L

el e meniy || proon || P | i oS8 | oo | Mrad) | 0258 k| rowan
2030 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V 250 2 110 -
2031 0.5 2.2 25 25 on 132 15 136 2748 2574 2.5 H/V 250 2 110 CC noise
‘ 2032 0.5 2.2 20 20 on 132 10 154 2748 2574 2.5 H/V 250 2 110 CC noise
2033 0.5 2.2 20 20 on 132 10 152 2748 2574 2.5 H/V 250 2 110 CC noise
2036 0.5 2.2 15 15 on 132 15 152 2748 2574 2.5 H/V 250 2 110 CC noise
2037 0.5 2.2 15 15 on 132 10 195 2748 2574 2.5 H/V 250 2 110 CC noise
2038 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2 110 CC noise
’ 2039 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2 110 CC noise
2040 0.5 2.2 15 15 on 132 15 165 2748 2574 2.5 H/V 250 2 110 CC noise
2041 0.5 2.2 15 15 on 132 10 203 2748 2574 2.5 H/V 250 2 110 CC noise




Variations

| All sources of emittance growth at collisions fully mitigated, V emittance shrinking I

Bunch IDEVES DEVES # colliding | # colliding Emit start IP1/5 LHCb L

peak || gsses Emittance

IP1/5 @2 (1633

Year Efficiency | intensity Intensity Proton IP1/5 IP8 crossing

(1e11 ppb) ramp-up physics bunches | bunches Oif 12} {1 plane () Hz/cm?2) Qe ()
2030 0.5 1.8 30 30 off 101 20 6 2748 2574 2.5 H/V 250 2 110 -
2031 0.5 2.2 25 25 on 132 15 136 2748 2574 2.5 H/V 250 2 110 -
4
2032 0.5 2.2 20 20 on 132 10 154 2748 2574 2.5 H/V 250 2 110 -
2033 0.5 2.2 20 20 on 132 10 152 2748 2574 2.5 H/V 250 2 110 -
2036 0.5 2.2 15 15 on 132 15 152 2748 2574 2.5 H/V 250 2 110 -
2037 0.5 2.2 15 15 on 132 10 195 2748 2574 2.5 H/V 250 2 110 -
2038 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2 110 -
5
2039 0.5 2.2 15 15 on 132 10 198 2748 2574 2.5 H/V 250 2 110 -
2040 0.5 2.2 15 15 on 132 15 165 2748 2574 2.5 H/V 250 2 110 -
2041 0.5 2.2 15 15 on 132 10 203 2748 2574 2.5 H/V 250 2 110 -
_ Variations:
Reference: o Flat optics
_ o _ o Loss reduction to 90 mb
Round optics, 110 mb losses, 2.5 pym initial emittance at SB, 4x72b standard, o 2.2 um initial emittance at SB
emittance growth from CC noise and extra in V of Run3 (0.04 um/h) o CC noise fully mitigated
0 V extra growth fully mitigated
@ Nominal BCMS: smaller initial emittance, BCMS filling scheme
o “‘Low-tail” BCMS: smaller initial emittance, BCMS filling scheme, 90 mb

All possible combinations

E



Relative yearly & total integrated luminosity

2030
2031
2032
2033
2036
2037
2038
2039
2040
2041

Reference
(fb-1)

9.2
204.9
235.9
232.9
211.9

273
277.6
277.6
229.1

283.9

2236.2

0%
0%
6.6%
6.6%
2.9%
2.8%
2.7%
2.7%
2.9%
2.7%

3.3%

CC noise
growth
fully
mitigated

0%
1%
0.9%
0.9%
0.8%
0.8%
0.8%
0.8%
0.8%
0.8%

0.8%

Vv
emittance

growth
fully
mitigated

4.1%
1.5%
1.2%
1.2%
0.9%
0.9%
0.9%
0.9%
0.9%
0.9%

1%

Smaller
L]
emittance
at SB

4.9%
1.8%
1.3%
1.3%
1%
1%
1%
1%
1%
1%

1.1%

Losses to
90 mb from
110 mb

5%
5.2%
5%
5%
4.7%
4.7%
4.7%
4.7%
4.7%
4.7%

4.8%

4.6%
1.5%
1.1%
1.1%
0.8%
0.8%
0.8%
0.8%
0.8%
0.8%

0.9%

“Low-tail”
BCMS

10%
6.7%
6%
6%
5.5%
5.3%
5.3%
5.3%
5.4%
5.3%

5.6%

14.9%

9.4%

12.9%

12.9%

9.2%

8.8%

8.8%

8.8%

9.1%

8.8%

9.8%

10%

6.4%

11.7%

11.7%

7.9%

7.6%

7.6%

7.6%

7.9%

7.6%

8.4%



Relative gain in integrated luminosity

12
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—&— Flat

10 1 -~ Round, smaller SB initial emittance
-@-- Flat, smaller SB initial emittance
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Simple model SPS FB vs LHC injection

3x36 + 3x36 + 4x72b +
. . filli
dedicated filling  dedicated filling 5"3fm+i:e‘(";‘:;ted Sx36 + de‘(";';‘ted Hlling dedicated filling  4x72b + dedicated filling (6s)
(6s) (9s) & (9s)
Bunch intensity (1e11 ppb) 1.6 1.6 1.6 1.6 1.6 1.6 2.3 2.3 2.3
SPS supercycle (s) 36 30 27 43.2 37.2 34.2 39.6 33.6 30.6
Time between B1 injections (s) 72 60 54 86.4 74.4 68.4 79.2 67.2 61.2
Number of |'n]ect|ons for IP1/5 23 23 23 15 15 15 12 12 12
colliding bunches
Emittance at start of LHC injection 13 13 13 13 13 13 21 21 21
(nm)
Minimum time spent at LHC 216 18.6 171
injection for IP1/5' colliding bunches 27.6 23 (-4.6 mins) 20.7 (-6.9 mins) (-6 mins) (-9 min/-3 min) (-10.5 min/-4.5 min) 15.84 13.44 (-2.4 mins) 12.24 (-3.4 mins)
(mins)
Emittance growth due to IBS and ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7
unknown blowup (um/h)
Average/Max emittance at the end 1.47/
of LHC injection 1.62 1.44/1.57 1.43/1.54 1.43/1.55 1.42/1.52 1.41 /1.5 2.2/2.28 2.18/2.26 2.18/2.24
Number of IP1/5 colliding bunches 2340 2340 2340 2484 2484 2484 2748 2748 2748
Turn-around (h) 2.5 2.42 2.385 2.5 2.45 2.425 2.5 2.46 2.44




Simple model SPS FB vs LHC injection

3x36 + 3x36 + . . T 4x72b +
dedicated filling  dedicated filling 5"3fm+i:e‘(";‘:;ted Sx36 + de‘(";';‘ted diing dedicated filling  4x72b + dedicated filling (6s)
(6s) (9s) & (9s)
Bunch intensity (1e11 ppb) 1.6 1.6 1.6 1.6 1.6 1.6 2.3 2.3 2.3
SPS supercycle (s) 36 30 27 43.2 37.2 34.2 39.6 33.6 30.6
Time between B1 injections (s) 72 60 54 86.4 74.4 68.4 79.2 67.2 61.2
Number of injections for IP1/5 . Measured by |ngr|d 5 5 5 " " "
colliding bunches
| | | |
Emittance at start of LHC injection 13 13 13 13 13 13 21 21 21
(km)
Minimum time spent at LHC 216 18.6 171
injection for IP1/5' colliding bunches 27.6 23 (-4.6 mins) 20.7 (-6.9 mins) (-6 mins) (-9 min/-3 min) (-10.5 min/-4.5 min) 15.84 13.44 (-2.4 mins) 12.24 (-3.4 mins)
(mins)
Emittance growth due to IBS and ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7 ~0.7
unknown blowup (um/h)
Average/Max emittance at the end 1.47/
of LHC injection 1.62 1.44/1.57 1.43/1.54 1.43/1.55 1.42/1.52 1.41 /1.5 2.2/2.28 2.18/2.26 2.18/2.24
Number of IP1/5 colliding bunches 2340 2340 2340 2484 2484 2484 2748 2748 2748
Turn-around (h) 2.5 2.42 2.385 2.5 2.45 2.425 2.5 2.46 2.44




Simple model SPS FB vs LHC injection

3x36 + 3x36 + . . T 4x72b +
dedicated filling  dedicated filling 5"3fm+i:e‘(";‘:;ted Sx36 + de‘(";s:';‘ted diing dedicated filling  4x72b + dedicated filling (6s)
(6s) (9s) & (9s)
Bunch intensity (1e11 ppb) 1.6 1.6 1.6 1.6 1.6 1.6 2.3 2.3 2.3
SPS supercycle (s) 36 30 27 43.2 37.2 34.2 39.6 33.6 30.6
Time between B1 injections (s) 72 60 54 86.4 74.4 68.4 79.2 67.2 61.2
Number of |'n]ect|ons for IP1/5 23 23 23 15 15 15 12 12 12
colliding bunches
Emittance at start of LHC injection
1.3 13 HP H 1.3 2.1 2.1 2.1
(wm) Statistics from 2024, time between
Minimum time spent at LHC 2X36b injected and end of injeCtion 171
ini H H*H I N C omnian) AN T [ £ O anaias) halabd i . . .
injection for IP1/5' colliding bunche 27.6 3 2007 mine 10.5 min/-4.5 min) 15.84 13.44 (-2.4 mins) 12.24 (-3.4 mins)
(mins)
] 30
Emittance growth due to IBS and ~0.7 ~0.7 ~0.7 ~0.7 ~0.7
unknown blowup (um/h)
Average/Max emittance at the end 1.47/ £ 20
of LHC injection 1.62 1 g 1.41 /1.5 2.2/2.28 2.18/2.26 2.18/2.24
@)
Number of IP1/5 colliding bunches 2340 10 2484 2748 2748 2748
Turn-around (h) 2.5 2.425 2.5 2.46 2.44
0

30 35 40 45 50 55

Bl time (mins) from injection of first 2x36b to End of injection




SimpIe mndel SPS FR

ve | HC Iniertinn

== 0.47um/h ” == 0.41um/h -
5 2.5
1.7 1
36 . -
fil >4 4x72b + dedicated filling (6s)
1.6
Bunch intensity (1e1l ppb) £ E
= =
= — I 234
SPS supercycle (s) Y5 w 30.6
Time between B1 injections (s 61.2
Number of injections for IP1/t 1.4 221
- 12
colliding bunches
Emittance at start of LHC injecti 134 514 21
(um) T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 .0 — 0.0 0.2 0.4 0.6 0.8 L0
Minimum time spent at LHC Time at injection (SB) Time at injection (SB)
injection for IP:{nE;:;))Illdmg bunches 27.6 23 (-4.6 mins) 20.7 (-6.9 mins) (-6 mins) (-9 min/-3 min) (-10.5 min/-4.5 min) 15.84 13.44 (-2.4 mins) 12.24 (-3.4 mins)

Emittance growth due to IBS and
unknown blowup (um/h)

Average/Max emittance at the end 1.47/
of LHC injection 1.62 1.44/1.57 1.43/1.54 1.43/1.55 1.42/1.52 1.41/1.5 2.2/2.28 2.18/2.26 2.18/2.24
Number of IP1/5 colliding bunches 2340 2340 2340 2484 2484 2484 2748 2748 2748
Turn-around (h) 2.5 2.42 2.385 2.5 2.45 2.425 2.5 2.46 2.44
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Simple model SPS FB vs LHC injection

4x72b + dedicated filling (6s)
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Number of IP1/5 colliding bunches 2340 2340 2340 2484 2484 2484 2748 2748 2748
Turn-around (h) 2.5 2.42 2.385 2.5 2.45 2.425 2.5 2.46 2.44




Backup




With CC noise With CC noise & extra V
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