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A High Luminosity e’e” Collider in the LHC tunnel to study the Higgs Boson

KMTaVIU‘bI BK/TIOYUJZIUCD B FTOHKY Alain Blondel", Frank Zimmermann®
'DPNC, University of Geneva, Switzerland; 2CERN, Geneva, Switzerland

+ pp Konnangep

UIEPH nony4wn sagaHue or EBpo"bl Abstract: We consider the possibility of a 120x120 GeV e+e- ring collider in the LHC

tunnel. A luminosity of 10**/em?/s can be obtained with a luminosity life time of a
few minutes. A high operation efficiency would require two machines: a low
emittance collider storage ring and a separate accelerator injecting electrons and
positrons into the storage ring to top up the beams every few minutes. A design
inspired from the high luminosity b-factory design and from the LHeC design report
is presented. Statistics of about 2x10* HZ events per year per experiment can be
collected for a Standard Higgs Boson mass of 115-130 GeV.

FCC-ee:45.5B-175T13B
CBEeTMMOCTb Ha HU3KOM 3HepPrumn 1

OduumanbHbIii cTapT

MeagyHapoa.coTpyaHudectso ¢ Kutaem



JHeprusa (CH)

Motepun Ha CU BbICTPO pacTyT C YBE/IMMEHNEM SHEPTUN SNEKTPOHOB:

bonbwaa annHa

2 4 4
E(Gel) npuseTcTyeTcs!

_ ¢ * E(Ge)' I(4
U (keV) = Y —88.46 P, (kW)= v [, = 88.46 (GeV) 1(4)

o,electron
380p p(m) 380p p(m) <

[na e+e- Konnamaepos 60NbLLON SHEPrMK NPUHATO orpaHmnveHmne <50 MBT/ny4yok.

YT0bbI ero BbINO/IHUTb, NPUXOAUNTCA C yBE/IUHEHNEM IHEPTUN YMEHDLLLATb TOK MNMy4Ka U,
cooTBeTCTBEHHO, CBETUMOCTb:

Lo 1-€yo<PSR£€—y E (MB) | L (km) |U(MeV)|P(MW)| | (mA)
2er, Py E3 By LEP2 104.5 | 26.7 | 3.41 11 4
ZUNK 45.6 | 20.8 | 216 50 232

Lrcc _ Crec  100km . |pCCee(z) | 456 | 91 | 39.1 50 | 1280
Lzunk  Czung 20 km FCCee(tt)| 182.5| 91 | 10000 | 50 5

(Mpn NpoYmnx paBHbIX YCAOBUAX)



JHeprusa (CH)

HoBbIW TMN HeycTOMYMBOCTM HabatoaaeTcs, Korga mowHocTb CU U3 KBaApynoabHbIX AMH3 (GUHANBHOTO
dOKyca), HaunMHaa C HEKOTOPOro OTKAOHEHWUA YaCcTULbl, CTAHOBUTCS CPAaBHUMA C MOLHOCTbIO U3/TY4EHUS U3

MOBOPOTHbIX MAarHMTOB. (HennHenHocTm oTcyTcTBYOT!) MPOAOALH.UMNYLC,
3aTyxaHue dOKYCMpPOBKa U MOZAY/IMPOBAHHbIN ABONHOM
6eT.KonebaHum PE30H.pacKauKa yacTtoTou 6eT KonebaHun
d*y d*y 2v, +n
2 — —_—
P K (s) 752 Ki(s)[1—ps(s)]ly=0 Py (s) « cos 2 s + Xo

«CamoHaBogswmmnca» (Ha ntobon yactote 6eT.KonebaHmin) napameTpPUYECKNM pe3oHaHC.

Polas
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t
™ MopenunpoBaHue

Bogomyagkov, Sinyatkin, Glukhov, Levichev. Phys.Ref.AB, 22 (021001), 2019.



JHeprusa (beamstahlung)

3/1eKTPOH BbICOKOM 3HEPIUU MOKET U3/TYYUTb B KOMZIEKTMBHOM MOJIE BCTPEYHOTO crycTka (beamstrahlung)
HACTO/1IbKO )'KECTKM[/-] rAMMa-KBAHT, YTO OKA3blBAETCA 34 rpaHMLI,el‘/'l 3Hepl'eTW-IeCKOl7I O6f|aCT|/1 YCTOﬁqMBOCTM
N~1-2%
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Mpwn E > 100 B ogHOKpaTHOE Ny4yKoBoOe n3nyyeHue (single
beamstrahlung) onpeaenser Bpema Xn3Hu n ceeTumocTb. TpebyeTcs
6ONbLWION IHEPreTMYECKNI aKLLenTaHC 1 1 6oablon paanyc NoBOPOTa B
none BCTPeYHOro cryctka p,. CW npemmyLiects He nmeer.

Telnov V.I. arXiv:1203.6563,
29 Mar 2012.

Mpwn E < 100 B mHorokpaTtHoe ny4ykoBoe usnyyeHue (multiple beamstrahlung) ysennumsaer
NPOAO/IbHbIN pa3mep NMyyKa n CBETUMOCTb Npu N1060BOM BCTpeye nagaeT u3-3a hour-glass. Ans CW
3TOrO HET M CBETUMOCTb MOXKET BbITb CU/IbHO YBENNYEHa.

Bogomyagkov A., Levichev E., Shatilov D. Phys. Rev.
ST Accel. Beam 17, 28 April 2014.


http://arxiv.org/find/physics/1/au:+Telnov_V/0/1/0/all/0/1

“ObblyHble” 3dpdEeKTbl BCTPEUU

OrpaHn4yeHmne CBETMMOCTU B «0DbIYHbBIX» KOMMaaepax Bbl3biBAETCA KONTEKTUBHbIM (HennHenHbiM!) nonem

OA4HOIo CTaZIKnBakoWeEeroca Cryctka, |£I,el‘/JICTBYI-OLI.I,l/IM Ha 4YaCTUuUbl APYroro Cryctka.
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E (GeV)
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1.39
1.89
3.12
8.99
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Y

998
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13699
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2343834
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£, (Gao)

0.0292
0.0423
0.0422
0.0570
0.0474
0.0592
0.0527
0.0325
0.0463
0.0382
0.0696
0.0275
0.0639
0.0798

0.0739

&

(experimental value)

0.02
0.04
0.04
0.06
0.048
0.069

0.052

0.033

0.079



Hour-glass effect

doKycupoBKa «AIMHHOTO» Ny4ka HeEOAHOPOAHA NO A/NIMHE. YYeT 3ToMn
HEeoAHOPOAHOCTU NPUBOAUT K YMeEHbLUatoWwemy cBeTumocTb paKkTopy (HG-effect)




«[lMapa3uTHbIe» mecTa BCTpeyu

Ecau crycTtkoB e+ 1 e- MHOro, OHW, ABUrascb BAO/Ib OAHOM OpbUTbI, ByAyT BCTPEYaTbCA
He TONbKO B LeHTpe AeTtekTopa (Main IP), HO 1 B Apyrnx mecrtax, yBenminBas
HeXenatesnbHOe AeUCTBUE HEJIMHENHOMU CUDbI.

B

e+

Parasitic IP

Main IP Parasitic IP Bunches
separation

PeuenT: pa3BecTu Ny4Kkn No pasHbiM opbuTam — BCTpeya noj yrnom — ABa

OTAe/IbHbIX KONbUa ANA e+ U e-.
[Mpobnema: BCcTpeya noa, yraom nopoxaaet 60/blioe YNC/10 Pe30HaHCOB CBA3U

(6eTaTPOHHbIX U CUHXPODBETATPOHHbIX)



Crab Waist collision (npenmyLiecrtsa)

CW — cxema BCTpeumM NAOCKUX Ny4YKoB, npeanoxerHHasa B 2006 r. N.Panmongm. lMo3sonsaer
yBennyntb ceetumocTb B ~10-100 pa3 He yBennynBaa MHTEHCUMBHOCTU NMYYKOB U HE YMEeHbLUaA
AJINHbI CryCTKa. x/

* Bbonbwown yron nepecedyenma ~30+-100 mpag (+ HeT npobaem ¢
Napa3nTHbIMM MEeCTaMM BCTPEYMN)
* Manas obnactb nepeceveHus — manas B, ~ 0.3+1 mm << G,

* «KpaboBble» CEKCTYNO/IN Pa3BOPAYMBAIOT NEPETANKKY NYYKOB J i T
B TOYKE BCTPEYM U NOAABAAIOT PE30HAHCHI CBA3M. H,,_ff"’
Crab On Crab Off
Sextupole P (Anti)sextupole
. | Be-By *ﬁ: B, 1 5x: By
0.14 la > - > J/ ]
.14 “ ]z- L -+ ]r >
0.12 0.12 A‘L[}‘ - E AIL[J; B E
0.1 . ) 01 Ay\ =7 Aﬂ\ =T
Sextupole strength Equivalent Hamiltonian
0.06 @ 2 S % 0.06 |

11 |B 1 5
st iiermrsrassr e - K=— X =Hy+—xp3,
0.06 ©0.08 0.1 ©0.12 0.14 0.16 0.18 0.2 29 * ﬁ 28 )

0.06 008 0.1 012 0.14 0.16 0.18 0.2 /B}’/B}'\‘x

Raimondi P. Status of the SuperB effort, 2nd SuperB Workshop, LNF, Frascati, e (s —x/6) /
March 2006; Raimondi P. et al. LNF-07/003 (IR) 2007, Zobov M. et al. Phys. Rev. By =By +T
Lett. 104 (2010) 174801. y




CW vs head-on

FCC-ee luminosity vs ener.

luminosity [103* cm2s!]

1000

100
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INFN Frascati, 10 Nov 2014

\(( FCC

F Zimmermann, DAFNE test facility,

t . B
‘~§ crab waist & improved |
___________ ‘\ parameters (Bogomyagkov, Density
- Levichev, contour
\‘s Shatilov, 2014)
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Ha nopsaaok 6onbluas cBETUMOCTb Ha Z onpeaennna To, YTO BapMaHT Konnanaepa co
cxemom BcTpeum CW bbin npmnHAT 6a3osbim ans FCC-ee.
OaHaKo ecTb N0XKa aertA...



Crab Waist collision (npobnembil)

* Manasa 6eta B IP — KnHemaTuyeckne HeNMHEeMHoCTL.

* CunbHble «KpaboBble» CEKCTYNONN.

* JlokanbHas KoppeKuusa 60nbLLIOro XpomaTuama CUJIbHbIMMK
CEKCTYNONAMM.

* Manbin aMUTTaHC — KecTKaa $oKycMpoBKa — BobLLIOK
XPOMATM3M, CUJIbHbIE CEKCTYNO/IN B apKax.

MHOro4YncneHHble HEJIMHEMHOCTU NMPMBOAAT K CEPbE3HbIM Npobiemam C AMHAMUYECKOU anepTypoun.

 Manas 6eTta B IP — cunbHble cBepxNpoBoAALLME NNH3bI GUHANBHOIO GOKyca NPUXOANTCA
pasmMellaTb KaK MOXHO B/1InKe K TOYKEe BCTPeYM MYyOBoKo BHYTPU AeTekTopa. KOHCTpYyKLUMA
cynep-KoMnakTHasA, c/IoKHas, GoHbl U T.4.



Crab Waist collision (DAPHNE)

P Parameter KLOE FINUDA SIDDHARTA
Low-f3 PMaDi12 : Date September 2005 April 2007 June 2009
— Y Luminosity (ecm™2s7 1 1.53 X 102 1.60 X 1072 4.53 X 10?2
e— current (A) 1.38 1.50 1.52
e + , current (A) 1.18 1.10 1.00
Number of bunches 111 106 105
g, (mm mrad) 0.34 0.34 0.25
B, (m) 1.5 2.0 0.25
By (cm) 1.8 1.9 0.93
Bunch length, o, (cm) 1.5-2.0 1.5-2.0 1.5-2.0
Crossing angle (mrad) 2 X125 2 X125 2X25
&, 0.025 0.029 0.044
g Luminosity [cm'2 s1]
510 T T T T T T T
: ; M Zovov et al,; PRL 104, 174801
C. Milardi et al 2012 JINST 7 T03002. '_ &Y = 32_(2()1()) "_
410 : " .0
* bBonblol yron nepeceyeHms B H X Es S
Y P : : : ; : : :

 «KpaboBoe» npeobpasoBaHue
* Manas obnactb nepeceveHns ¥
 Manasa berta_y* ) 4

CW nopasun bb-pe3oHaHcbl CBSA3M M NO3BOANA YBEANYUTD
CBETUMOCTDb B z3 pa3a' FIG. 4 (color). Measured luminosity as a function of beam

current product for crab sextupoles on (blue) and off (red).



Super KEKB

L OCTUrHYTO

[poekT EraGev3GA]

€

December 27, 2024

2017 /September/1 Belle Il

- | Hing LER HER o i New IR
i
| 3.6 2'6 Emittance 4.0 4*6 = 7 GeV 26 A
Beam Gurrens sev o SUPErKEKB

Bunch Current 1.44 1.04
Circumference 3,016.315

£/ &y 3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5)
Counng 0.27 0.28 Horizontal size o,* 15.5 16.6

. & bellows

—|

Number of bunches 2346

Bunch cuUrrent 0.696 0.537

B/ By* 32/0.27 25/0.30 Vertical cap sigma E,* 0.375

S Vertical size oy* 0.265

Op 3.20x10-% 4.55%x107%

Add / modify RF systems
for higher beam current

et 5.37(6.300010% SRSV LRI LEERTARTN 44 525 / 46.589 | 45.531 / 43.599
0% : .53)x10- 3 .30)x10-

x* / By* 60/1.0 60/1.0 :
Ve 9.4 15.0 Low emittance positrons 7
0z 6(4.7) 5(4.9) oz 4.6 (6.0% 5.1(6.1%) to inject Positron source
Vs -0.0245 -0.0280 Piwinski angle 12.3 12.7 w ” s New positron target /
capture section
Vx/[Vy 44.53/46.57 45.53/43.57 Crab waist ratio 80 60 u p
Uo 1.76 2.43 "
Beam-Beam §, 0.036 0.027
Txy/Ts 45.7/22.8 58.0/29.0 Low emittance gun
Ex/Ey 0.0028/0.0881 0.0012/0.0807 Specific luminosity 5.8 x 1031 Low emittance electrons
Luminosity. 8x10% Luminosity 5.1 x 1034 to inject

deBpanb 2016 — nepBbIN NY40oK, MapT 2018 — Hayano paboT c HeaoyKoMNAeKTOBaHHbIM aeTekTopom Belle II, mapT 2019 — c noAHbIM
NEeTEKTOPOM.

[JoctuxkeHuna 2024 (npoekT): By*= 1 mm (0.3 mm), £,=0.036 (0.09), 1,,,,=1.63 A (3.6 A), L = 5.1x10%* (8x10%) cm*c™!

max

M3 npuymH, KOTOpbIe NOKa He 06 BACHEHbI: POCT 3MUTTAHCA C TOKOM, Manas &, MasieHbKas AMHAMUYecKas anepTypa 1, Kak cneactsue,
HU3KOoEe BPEMSA KMU3HM MyYKa.



Super KEKB

owea@“%;iye: Big Issues (SBI)
. SiX

1. Injection and Touschek background<l;}

CW and IR sextupoles

Background due to injection

2. SR from QC1/QC2 +

3. Collimator

4. Machine error

> Detector background,
age orbit Quenches of FF quads

iE:,

5. Beam-Beam interaction (inc. continuous
injection, iBump FB) Single bunch BB, FF

6 SBL Remove of "VACSEAL" is enough ? e L arrangement for beta-
squeezing

> FF and IR arrangement

3HaunTenbHaa gona npobnem ceazaHa c CW-BcTpeuen (BB), KoHCTpyKumen puHanbHOro GoKyca u NPOMENKYTKa
BCTPEUM, r4e pa3mMeLLatoTCA CUbHbIE «KPaboBble» CEKCTYNO/IN U CEKCTYNONAM CEKLMN KOPPEKLMN XPOMATU3MA



Super KEKB MDI

% 627.25(Cryostat) ¢
928




OcobeHHOCTU e+e- KoN/lanaepoB BbICOKOM IHEPTUM

CU (orpaHnyeHmne No MOLLHOCTU, MPUEMIEMbIE SHEPreTU4ecKkmnin pasbpoc u
3SMUTTAHC U T.A.) —> OFPOMHbIE Pa3Mepbl

C/ — HoBble TUMNbI OFpaHNUYeHn n HeyctonumsocTen (beamstrahlung,
N3Ny4YeHune 13 KBagpynoseun u T.4,.)

CN — TexHn4yeckme npobaemsbl (MowHaA u goporaa ceepxnposoaAllan BY-
cuctema, GoH AeTeKTopa, MOAYALNA MAarHUTHOTO NoNA BAO/Ib OPOUTHI,
paj.Harpy3ka Ha 3ieMeHTbl N T.4.).

Bce npoeKTbl e+e- Konnanaepos byayulero Ha CBEPXBbICOKYH SHEPTUIO
ncnonb3ytotT CW-BCcTpeuy ana yBenmyeHmna cBeTmumoctn — 6opbba 3a
AMNHAMMNYECKYIO anepTypy, OYEHb C/IOXKHbIN GUHAIbHBLINA POKYC U MPOMEKYTOK
BCTPpeYn. MarHMTHas CTPYKTypa € MasibiM SMUTTaHCOM — Npobaembl
coBpeMeHHbIX UCToYHMKOB CU, HO B macwTabe x100 (100 Km npoTtus 1 Km).



FCC-ee

Parameter Z ttbar

beam energy [GeV] 45 182.5
. beam current [mA] 1280 135 26.7 5.0
' number bunches/beam 10000 880 248 36
bunch intensity [10] 243 2.91 2.04 2.64
SR energy loss / turn [GeV] 0.0391 0.37 1.869 10.0
total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.08/0 4.0/7.25
long. damping time [turns] 1170 216 64.5 18.5
'horizontal beta* [m] 0.1 0.2 0.3 1
vertical beta* [mm] 0.8 1 1 1.6
horizontal geometric emittance [nm] 0.71 2.17 0.64 1.49
vertical geom. emittance [pm] 1.42 4.34 1.29 2.98
I horizontal rms IP spot size [um] 8 21 14 39
. vertical rms IP spot size [nm] 34 66 36 69
gghe"r;:t':c of an luminosity per IP [103 cm2s-1] 182 19.4 7.3 1.33
) L total integrated luminosity / year [ab-'/yr] 4 IPs 87 3.5 0.65
’ Iong tunnel  beam lifetime (rad Bhabha + BS+lattice) 8 6 10
. 4 years PAYCE] 3 years 5 years
“ LEP x 105 LEP x 10°
5 J x10-50 improvements on all EW observables
v - [ up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC
o et U x10 Belle Il statistics forb, ¢, T Up to 4 interaction points -> robustness,
‘ U indirect discovery potential up to ~ 70 TeV statistics, possibility of specialised detectors
O direct discovery potential for feebly-interacting particles over 5-100 GeV mass range to maximise physics output

2 konbua (90.7 km). 2 (4) mecta BcTpeun. CW-metog sctpeun. OrpaHuyeHne —
He B6onbLle 50 MBT notepn Ha CU B KaxxaoMm KonbLie.



FCC-ee optics and dynamics

T — T T ‘ T — T T — T T T I — T T T — 5
Local CCS ]
+ crab waist T

HﬁF l||w

FCC-ee optical functions close to IP.
Maximum B,~7.5 km !

Dynamic aperture and dynamic
momentum acceptance is a serious
problem for future colliders



CEPC Haya/1bHbIU

[lepBbin BapmnaHT — Partial Double Ring — ObICTpoO,
aelweBo, BbiroaHo (2015)

Pre-CDR  H-high lumi. H-low power W zZ RE Long Straight Section -
Number of IPs 2 2 2 2 2 ><
Energy (GeV) 120 120 120 80 45.5 '
Circumference (km) 54 54 54 54 54 IP with experiment
SR loss/turn (GeV) 3.1 2.96 2.96 0.59 0.062
Half crossing angle (mrad) 0 15 15 15 15
Piwinski angle 0 2.5 2.6 5 7.6 arc  Electrostatic separators Electrostatic separators  arc
Ne/bunch (10'!) 3.79 2.85 2.67 0.74 0.46
Bunch number 50 67 44 400 1100
Beam current (mA) 16.6 16.9 10.5 26.2 454 IP with experiment
SR power /beam (MW) 51.7 50 31.2 15.6 2.8
Bending radius (km) 6.1 6.2 6.2 6.1 6.1
Momentum compaction (107) 3.4 2.5 2.2 24 3.5 Long Straight Section
Bre x+ (m) 0.8/0.0012 0.25/0.00136 0.268/0.00124 0.1/0.001 0.1/0.001 : ,
Emittance x/y (nm) 6.12/0.018 2.45/0.0074 2.06/0.0062  1.02/0.003 0.62/0.0028 CEPC partial double ring scheme.
&/1P 0.083 0.11 0.11 0.074 0.073
Energy spread (%o) 0.13 0.13 0.13 0.09 0.05

Lo/TP (10%*ems™) 2.04 2.96 2.01 3.09 3.09




CEPC cenuac

Cryoganic
transfer Ine

Valve box

—

Common tunnel for
booster/collider & SppC

Higes Z W tt

MNumber of IPs 2
ICircumference (km) 100.0
SR power per beam (MW) 50
[Half crossing angle at IP (mrad) 16.5
Bending radius (km) 10.7
Energy (GeV) 120 45.5 20 180
[Energy loss per turn (GeV) 18 0.037 0357 91
Damping time /L7 (ms) 44 6/44.6/22 .3 £16/816/408 150/150/75 13.2/13.2/6.6
Prwinski angle 4 88 2952 598 123
Bunch number 446 13104 2162 58
Bunch spacing (ns) 335 (53% gap) 23 (10% gap) 134 2714 (33% gap)
Bunch population (1011) 1.3 2.14 1.35 2.0
Beam current (m#A) 278 13409 1402 335
Momentum compaction (10-5) 0.71 1.43 1.43 0.71
Beta functions at IP §.%F,* (m/mm) 031 0.13/09 02171 1.04/27
Emittance &/, (nm/pm) 0.64/1.3 02714 0.87/1.7 1.4/47
Betatron tune 11, 445/445 266/267 266/266 445/445
Beam size at IP g, /o, (um/nm) 14/36 6/35 13/42 39/113
Bunch length (naturall-"tmal) (mm) 23/4.1 2.7/10.6 2549 2.2/29
[Energy spread (natural/total) (%) 0.10/0.17 0.04/0.15 0.07/0.14 0.15/0.20
[Energy acceptance (DA/RF) (%) 1.6/2.2 1.3/1.5 1.2/2.5 2.0/2.6
Beam-beam parameters £, /5 0.015/0.11 0.0045/0.13 0.012/0.113 0.071/0.1
RF voltage (GV) 22 0.1 0.7 10
RF frequency (MHz) 630
Longitudinal tune 1, 0.049 0.032 0.062 0.078
Beam lifetime {(Bhabha/beamstrahlung) (mimn) 39/40 86/400 60/700 81/23
Beam lifetime {min) 20 71 33 18
Hourglass Factor 09 097 09 0.89
Luminosity per IP (103 cm? s71) 8.3 192 26.7 0.8

FCC-ee 7.3 182 19.4 1.33




Lepton colliders

o B . —_ e — FCC - Amsferdam 20718
a E —m— CepC - Amsterdam 2018
“-‘E 102 |— 5 A CepC-2TatZpole
3] — —x— |LC - HK Jan. 2017
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Parameter LEP FCC-ee CEPC ZUNK ZUNK ZUNK
Beam energy (GeV) 45.6 45.6 45.6 45.6 80 120
Circumference (km) 26.7 91.1 100 20.8 20.8 20.8
Beam current (mA) 2.6 1280 803 232 24.5 4.6
Bunch No 12 10000 11951 332 20 4
Bunch intensity (10 1.8 2.43 1.4 3 5 5
SR energy loss/turn (MeV) 120 39.1 37 216 2000 10400
RF voltage (MV) 240 120 120 250 2250 10900
Bunch length (mm) 8.6 12 8.7 11 7 6
Horizontal beta” (m) 2 0.1 0.13 0.15 0.15 0.15
Vertical beta” (mm) 50 0.8 0.9 1 2 3
Horizontal emittance (nm) 20 0.71 0.27 4 12 28
Vertical emittance (pm) 400 1.42 1.4 40 122 275
Horizontal spot size” (um) 224 8 6 24.4 42 64
Vertical spot size” (um) 4.5 0.034 0.035 0.2 0.5 0.9
Long.damping time (turns) 371 1170 340 211 40 11.6
Beam-beam parameter 0.044 0.12 0.127 0.06 0.04 0.02
Luminosity/IP (10** em™s™) 0.002 182 115 11.5 1 0.09
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OrpaHunyenmne: He bonbwe 50 MBT CU un3
OAHOro KonbLa.

Bo3amorkeH partial CW: 2 Konbua Ha
npoTaxeHnn 500 m, chneatowmeca 8 ogHo
3/1IEKTPOCTAaTUYECKMMM cenapaTopamm
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Abstract

The FCC program at CERN provides an attractive all-in-one solution to address many
of the key questions in particle physics. While we fully support the efforts towards this
ambitious path, we believe that it is important to prepare a mitigation strategy in case the
program faces unexpected obstacles for geopolitical or other reasons. This approach could
be based on two components: 1) a circular electron-positron collider in the LHC tunnel
that operates at the Z-pole energy of 45.6 GeV and 1I) a high-energy electron-positron
linear collider which acts as a Higgs, top quark and W-boson factory, and that can
further be extended to TeV energies. The former could reach a high luminosity that is
not accessible at a linear collider, the latter could probe the high energy regime with
higher sensitivity and discovery potential than LEI’3. The program should be flanked

Ivl [hep-ex] 21 Mar 2025

3 A Plan B for particle physics?

While the scientific excellence of these programs is beyond doubt and, presumably, this Plan A
has the support of a large fraction of high energy physicists, some risks have been pointed out
in discussions within both the scientific community and the public. One challenge concerns
the long time scales on which these projects are expected to be completed. Another potential
risk lies in the availability of funding for these multi-billion euro projects. Given the current
geopolitical situation, we helieve it is advisable for the community to explore all possible
avenues for discovery and to have a Plan B in case the favourite option faces major obstacles.

Our primary focus is on an experimental program that aims at the discovery of new
elementary particles as well as studies of the Higgs boson and the top quark. We consider
below a potential mitigation strategy, in case Plan A faces major obstacles, with the following
criteria in mind: A) Timeliness: flagship projects can be realised within a time frame that
enables discoveries as early as possible and permits once junior scientists to work on real
data before they retire, B) Sustainability: use the existing infrastructure as much as possible,

C) Feasibility: proposals should be based on designs with studied and confirmed feasibility,
and D) Risk reduction: implementing key parts of the program independently at different sites.
This approach reduces reliance on individual institutions or governments while also fostering
technological diversification in both development and application.

Our proposal includes the following components

I) Z-factory: A circular electron-positron collider that primarily operates at the Z-pole,
performing precision tests of the SM and searches for new elementary particles with
luminosities not achievable at a linear collider.

IT) Higgs/top-factory: A high-energy linear electron-positron collider that overpasses the
WW production, acts as a Higes factory, can reach the #t threshold and can po-
tentially be extended to TeV energies.
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Circumference |km]

Beam energy [GeV]|

Total synchrotron radiation power [MW)|
Beam current [mA|

N [10%]

Number of bunches

8z [m] / B

€x | € [nm]

0, [mm]|

beam-beam tune shift per IP
RF frequency [MHz]

RF voltage [GV]

Momentum acceptance (RF) |%]
The [N

TBhabha [MinN|

L per IP [10* em 2571 |
Production cross-section
Particle production/year

16
120
100

5.
8.3
2
0.2m / 1 mm
21 / 0.05
2.9 (SR)
0.075/0.11
650
12
+3
9-36
8.7

1.0
200 fb
Higgs: 39751

16
45.6
60
140
1.67
279
0.2m / 1 mm
26.1 / 0.065
6.45
0.032 / 0.045
650
0.24
19

37
6.3
61 nb
Z: 7.64 %1010

2 OpenStresthMap (and) contrnbutors, CC-BY-SA

Table 1: Parameters of the 2012 Fermilab e*e~ Higgs and Z Factories




3aKn4YeHue

Byayuiee aneKTpoH-No3nUTPOHHbIX Konnanaepos — FCC-ee (CERN) n CEPC (Kutan).
MapameTpbl 04eHb NOXOXKWU. Bonpoc: KTo nepBbIi cTapTyeT? K corKaneHuto, ANna 3Toro HeT
HUKAKNUX HAMEKOB HU TaM, HU TaM.

Kutanckue ToBapumuwm 3a 10 net 4eMOHCTPUPYIOT O4YEHb BNEeYaTAAoLWMIM Nporpecc B gene
CO34aHMNA TEXHOJIOTUIN, CUCTEM, 31EMEHTOB, YCTPOMCTB, HEOBXOAMMbIX A5 peanmsaunm
CEPC. HepocTtaToK — He pa3BUTOE MEXKAYHAPOAHOE COTPYAHMNYECTBO (MO CpaBHEHUIO C
LLIEPH), HecmoTpA Ha bonblune ycunms.

Hamek Ha HEKOTOpPbIN «KPU3UC» — PA3roBOPbI O «MNaaHe By, B KayecTBe KOToporo
PACCMaTPUBAETCA 3/IEKTPOH-NO3UTPOHHbIN KONTanaep Ha MeHbLLUYO SHEPTU0, MEHbLUYHO
(HO BCe elle NpMBAEKATENbHYIO) CBETUMOCTb, MCMOb30BaHME CYLLLECTBYIOLLEN
MHPPACTPYKTYPbI N, COOTBETCTBEHHO, CYLLECTBEHHO MEHbLUMX CTOMMOCTU U CPOKOB
peannsauumn (Z-pabpukn?).



