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| CCv107 Performance

LCC v107 has been presented at FCC
Week

First time all four energies that are
compatible with the XZ instability

Not going to repeat K. Oide’s and
M. Jebramcik’s presentations

Important: Bunch number at Z has to
be increased again 11,200 (reduction of
bunch charge) — Better for heat load, e-
cloud

Challenges have been:

- Uncomfortable small betx* at smaller
energies

- Uncomfortable ex/ey ratios at larger
energies

Before releasing the v107, the survey
must be matched - otherwise too
many lattice iterations create
confusion..

Beam energy [GeV] 45.6 8() 120 182.5

# of IPs 1

Lattice 10720 107 0-wv2_mod® 10701201 10720
Cirenmference [km] 90.660256 90.660257

Energy loss / turn [GeV] 0.03484 (0.330 1.690 8.916
SR power / beam [MW]

Beam current [mA] 1291 136 27.0 5.05
Colliding bunches / beam 10000 2450 376 Gl
Colliding bunch population [10*1] 2.44 1.04 1.35 1.59
Emittances at collision =, , nm / pm)] 1.21 / 2.43 1.70 / 1.75 1.13 / 0.68 2.17 / 1.02
Momentum compaction oy, 107" 41.9 24.6 9.58 0.81
B2, [mum] 90 / 0.8 90 /1 120 / 1 800 / 1.6
Transverse tunes (). 166.160 / 162.200 | 211.160 / 158.200 | 346.16 / 262.200 | 346.131 [/ 262.276
Chromaticities / ring @/ +6.1 / +6.6 +3.9 / +34 +6.0 / +6.6 +4.7 / +3.9
Energy spread (SR/BS) a; [ %] 0.0371 / 0.124 0.064 / 0.126 0.098 / 0.157 0.145 / 0.167
Bunch length (SR/BS) o. [mm)| 4.44 [/ 14.8 2.50 / 4.93 3.42 / 5.A7 2.30 / 2.68
RF voltage 400,/800 MHz (GV] 0.150 / 0 1.50 / 0° 2.96 / 0° 1.98 / 8.04°
Harm. number for 400 MHz 121200

Svnchrotron tune ), 0.0508 (0.0931 0.0397 0.0923
Long. damping time [turns| 1309 244 72.9 21.5

RF acceptance %] 1.65 5.21 2.20 2.31
Energy acceptance (MA) [ %] +1.1 +1.2 +1.8 -2.3+2.6
Half crossing angle at IP @, (mrad] +15

Crab waist ratio [%] 55 45 45 40
Beam-beam £, /£, ° 0.0022 / 0.110 0.0047 / 0.102 0.0045 / 0.135 0.045 / 0L157
Z-X inst. param. 4£_ /(). 0.17 (.20 0.45 1.95
Piwinski angle (8,0, gg) /o 21.3 (3.0) 7.1 (.96
Lifetime (q + B5 + lattice) [sec] 8300 82010) 13000 106010)
Lifetime (rad. Bhabha)® sec) 1430 1020 550 620
Luminosity / IP /10 [/em™s] 141 20010 8.0 1.40



https://indico.cern.ch/event/1552126/contributions/7132573/attachments/3289628/5883866/LCC_BB_Oide_260609.pdf
https://indico.cern.ch/event/1552126/contributions/7132574/attachments/3290744/5883924/2026_06_09_FCC_Week_LE.pdf

LCC Survey

Current situation (v107):
* LCCis 90660.26 m long

* GHC (v25) is 90658.50 m long; at some point (2024) in the past it was 90658.15m
* In this setup, the LCC IPs are 7.3m to the outside (14.6m diameter increase at IPs)

New circumference ratios with minimal change

Present ratio of FCC and LHC circumferences is 1010/297 = 3.40067
What is the minimum circumference change to get better ratios?

H. Damerau

C — Coasetine [

1010/297 1010/77 0 5
17/5 459/35 17.952 g 8
194/57 1746/133 75.588 5
177/52 47791364 84.582 :

— Only 17/5 of interest for comparison with baseline scenario



Matching LCC IPs to GHC IPs

GHC and LCC Beam 1 {m)

Abs. distance
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Matching LCC IPs to GHC IPs can be
done the easiest by using the FF arms.

LCC always to the inside of the GHC.

LCC circumference reduces to
C=90604.77m. This is 54m shorter than
the GHC circumference.

Problematic for FCC-hh...



Circumference candidates

* Ideally, FCC/LHC ratio is m/n
with m,n being small integers
(less waiting time when doing
certain injection scenarios etc.)

* GHC had 1010/297=3.40067
* 3.4 is extremely close (17/5)

* Unfortunately, nothing is close
to 90605m (natural LCC length
when coinciding with GHC IPs)

* Next best candidate, however,
then is 90640.2 that is even
better for FCC-hh than previous
GHC circumference

2nRrcc/2nRLuc 2nRrcc/2nR ke 21RFcc/21RLKc 271tRgcc [mM] hecc hrcc A(27tRfcc) [m]
(prime factors) (rounded) at h yc = 35640 (prime factors) with respect
to 90658.2 m
1715 17/5 3.40000 90640.2 121176 2°:3%41-17 -17.952
"194/57 2-97/(3-19) 3.40351 90733.7 2304720/19 75.588
177152 3-:59/(22:13) 3.40385 90742.7 1577070/13 84.582
160/47 25.5/47 3.40426 90753.6 5702400/47 95.490
143/42 11-13/(2-3-7) 3.40476 90767.1 849420/7 108.995
197/58 197/(2-29) 3.39655 90548.3 3510540/29 -109.879
180/53 22.32.5/53 3.39623 90539.6 6415200/53 -118.552
126/37 2-32-7/37 3.40541 90784.3 4490640/37 126.150
163/48 163/(24-3) 3.39583 90529.1 242055/2 -129.031
146/43 2:73/43 3.39535 90516.2 5203440/43 -141.947
109/32 109725 3.40625 90806.8 485595/4 148.666
129/38 3-43/(2-19) 3.39474 90499.9 2298780/19 -158.262
[112/33 2%:71(3-11) [3.39394 [90478.6 120960 [27.3%.5.7 -179.521 |
92/27 22.23/33 3.40741 90837.7 121440 2°:3-5-11-23 179.521
167/49 167/7° 3.40816 90857.8 5951880/49 199.671
95/28 5-19/(22-7) 3.39286 90449.8 846450/7 -208.373
75/22 3:5%/(2:11) 3.40909 90882.6 121500 22:38.57 224 .401
173/51 173/(3-17) 3.39216 90431.1 2055240/17 -227.041
78/23 2:3-13/23 3.39130 90408.4 2779920/23 -249.768
133/39 7-19/(3-13) 3.41026 90913.6 1580040/13 255.472
H. Damerau

* When using SPS as injector, 90618.3m is close by (105/8).

Only have to modify IPs <1m -= no knowledge on SPS-
to-FCC-hh situation...
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* Could
accommodate a
movement of the
IP out of the ring

by several metres
(southerly

direction)

Constraints: IPAIs tight (<1m tolerance?), PJ should not drift too far West. PD and PG freedom to the outside:
Strategy could be: Rotate LCC at IPA slightly counter clockwise to let PJ mostly drift South and not too far West. PD and PG will drift to the South-East
Maybe possible to have LCC IPs on a diameter that is GHC+a few meters...




Scenarios

Scenario CLCC OGHC — CLCC CLCC/CLHC‘ n/m A IPs A FF A ARC (OCt.)
Initial 90660.26 m -1.76 m 3.40074 Crcc/Cruc +7.3m 0 m 0 m

1 90604.77 53.73 m 3.3987 Crcc/CLuc 0 m -13.87 m 0 m

2 90640.20 16.3 1m 3.4 17/5 +4.66 m  -5.01 m 0 m

3 90640.20 18.3 m 3.4 17/5 +3.00 m +8.93 m -6.61 m

* Scenario “initial” and 1 have no feasible ratio with respect to initial: LCC as itis
. * * o .« o o 1: Making FF shorter to coincide with GHC IPs
LH C rour]d(,I OOO CLcc)/rOUnd(1 OOO CLHC) If mim preCISIOn 1S 2: Making FF shorter to match circumference. IPs are to the

outside

enough...

3: Making FF longer while making arc short to match
circumference + drag IPs slightly inward

* I am excluding reductions of LSS due to RF constraints. Not
saying it cannot work with 600 MHz; however, ES design +
space unclear

Example: Scenario 3

* Only aiming for 17/5 ratio instead of 1010/297 since a
smaller circumference is more natural for LCC

* Scenarios 2 & 3 have been shared with CE and FCC-hh
stakeholders. Might need some iterations ...

am 1 (m)

* *
LS

GHC and LCC Be
oh

2 |

Abs. distance

0 20000 40000 60000 80000
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Conclusion

* LCC v107 with finally all 4 energies is ready.

* LCCv107 was already presented by K. Oide and M. Jebramcik at FCC Week 2026

* Once LCC circumference & survey is determined, v107 is going to be released

* 90640.2m circumference (17/5 FCC-LHC ratio) appears logical choice for LCC circumference (Cgnc-18m)

* [terations with CE and FCC-hh pending



SPS table

H. Damerau

Options with SPS as preferred FCC injector

ZJTRF.:;;;J'ZJTRﬁpE ZJTRF;;;;J'ZJTHEFE ZJTRF(;;;IZJTREPE EJTRF;;;; [ITI] hpcg h|=r_:¢ ﬂ{ZJTRF;;;;} {ITI] Resulting
(prime factors) (rounded) at hgpg = 9240 (prime factors) with respect |2mRecc/2nRHe
to 90658.2 m
22317 223117 13.11760 90663.4 206052017 5.280 1561/459
341/26 11-31/(2:13) 13.11540 90647.8 1575420/13 -10.357 2387/702
459/35 33-17/(5-7) 13.11430 90 640.2 121176 23-34-11-17 -17.952 1715
328/25 23-41/5% 13.12000 90679.7 606144/5 21.543 2296/675
433/33 433/(3-11) 13.12120 90688.1 121240 2%.5.7-433 29.920 3031/891
118/9 2-59/32 13.11110 90618.3 363440/3 -39.894 826/243
105/8 3-5-7/23 13.12500 90714.3 121275 32.5¢2.72.11 56.100 245/72
485/37 5-97/37 13.10810 80597.5 4481400/37 -60.649 3395/999
367/28 BE?I{EEJT} 13.10710 90590.8 121110 2:3-5-11-367 -67.320 367/108
249/19 3-83/M19 13.10530 90577.8 2300760/19 -80.312 531171
407/31 11-37/31 13.12900 907421 3760680/31 83.970 2849/837
380/29 22.5-19/29 13.10340 90565.3 3511200/29 -92.856 2660/783
302/23 2:-151/23 13.13040 90751.8 2790480/23 93.663 2114/621
499/38 499/(2-19) 13.13160 90759.7 2305380/19 101.571 3493/1026
197/15 197/(3-5) 13.13330 90771.9 121352 23711197 113.697 1379/405
131/10 131/(2-5) 13.10000 90541.5 121044 22:3:7-11-131 -116.689 Q177270
486/37 2-35/37 13.13510 90784 .3 4490640/37 126.150 126/37
289/22 172/(2-11) 13.13640 90792.8 121380 22.3.5.7-172 134.641 2023/594
406/31 2-7-29/31 13.09680 90519.2 3751440/31 -138.984 2842/837
381/29 3-127/29 13.13720 90803.6 3520440/29 145.474 889/261
275121 52:11/(3:7) 13.09520 90508.6 121000 23.53.11< -149.601 275/81
473/36 11-43/(22-3%) 13.13890 90810.2 364210/3 152.094 3311/972
419/32 419/2° 13.09380 90498.3 483945/4 -159.886 2933/864
92/7 222317 13.14290 90837.7 121440 2°-3-5-11-23 179.521 92/27
144111 24-32/11 13.09090 90478.6 120960 27.33.5.7 -179.521 112/33
445/34 5-89/(2:17) 13.08820 90460.2 2055900/17 -198.001 3115/918
301/23 4323 13.08700 90451.3 27861240/23 -206.840 21071621
44734 3-149/(2-17) 13.14710 90866.7 206514017 208.561 1043/306
458/35 2:229/(5:7) 13.08570 904427 120912 24.3-11-229 -215.425 458/135
355/27 571433 13.14810 90874.2 1093400/9 216.090 2485/729
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