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Future lepton colliders landscape
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» Upgradable to hadron (muon?) collider « Extendable to higher energy
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Future lepton colliders landscape
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» High lumi at "low" energy (Z/H) » Higher lumi at higher energies (> ttbar)
« Upgradable to hadron (muon?) collider - Extendable to higher energy

All big and expensive machines.

Large CO2 footprint.
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How to reduce the cost?

"Simply" decrease the size of the tunnel...

- But shorter tunnel = lower beam energy => @
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How to reduce the cost?

"Simply" decrease the size of the tunnel...

- But shorter tunnel = lower beam energy => @ o D

- Except if you can get higher gradients!
« RF: ~30 MV/m (ILC)

- Plasma wake field acceleration (PWFA) cavities:
~ expected O(1000 MV/m) — ie x30!
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- But shorter tunnel = lower beam energy => @ o D

- Except if you can get higher gradients!
« RF: ~30 MV/m (ILC)

- Plasma wake field acceleration (PWFA) cavities:
~ expected O(1000 MV/m) — ie x30!

- PWFA not yet available:
» Requires ~10 years of development.
» Only for electron acceleration.
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How to reduce the cost?

"Simply" decrease the size of the tunnel... ’\

But shorter tunnel = lower beam energy => @ -

Except if you can get higher gradients!
RF: ~30 MV/m (ILC)

Plasma wake field acceleration (PWFA) cavities:
~ expected O(1000 MV/m) — ie x30!

PWFA not yet available:
Requires ~10 years of development.
Only for electron acceleration.

=> Size of the facility could be reduced by a factor ~2 (on the electron side):

ILC(250 GeV): 10 km (e-, SRF) + 10 km (e+, SRF)
Hybrid: <1 km (e-, PWFA) + 10 km (e+, SRF)
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How to reduce the cost?

"Simply" decrease the size of the tunnel... «

But shorter tunnel = lower beam energy => @ -

Except if you can get higher gradients!
RF: ~30 MV/m (ILC)

Plasma wake field acceleration (PWFA) cavities:
~ expected O(1000 MV/m) — ie x30!

PWFA not yet available:
Requires ~10 years of development.
Only for electron acceleration.

=> Sjze of the facility could be reduced by a factor ~2 (on the electron side):
ILC(250 GeV): 10 km (e-, SRF) + 10 km (e+, SRF)
Hybrid: <1 km (e-, PWFA) + 10 km (e+, SRF)

Can we do betterthan1 km + 10 km?
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The HALHF concept arxiv:2303.10150

Hybrid : mix of plasma (e-) and SRF (e+) acceleration
Asymmetric : 500 GeV e~ & 31.3 GeV et (also gives Vs = 250 GeV)
Linear . (not circular)

Higgs . (but could go up to ttbar threshold)

Factory

Facility length: ~3.3 km

Compared to ILC(250): ~20 km Turn-around loops

Positron Damping rings (31 GeV e*/drivers)

source (3 GeV) Driver source,

Interacti int RF linac (5 GeV) RE inac Electron
nisraction poin (5—31 GeV et/drivers) SoUrce
(250 GeV C.O.m.) S5S555555 0k
PIDDDDDDDDDDDDDDDDDIDDDIDIIIIIIIIIIIIIIIDI] — e
- RF linac
- - Beam-delivery system Plasma-accelerator linac 5GeV e
Beam-delivery system Positron transter line (500 GeV e") GeV > GeVe)
with turn-around loop (31 GeV e7) (16 stages, ~32 GeV per stage)
(31 GeVe) Scale: 500 m
Length = ~3.3 km: similar to XFEL@DESY Length dominated by e- BDS
Cost=~2.1 B€ +/- 25% =~ ILC/4 = ~ EIC Cost still dominated by tunnel and RF linac
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Disclaimer

- | am not an accelerator physicist, not an expert of PWFA.
- Assumptions for the rest of this talk:
- Electron-beam driven PWFA is proven working for electron acceleration in ~10-15 years.

» PWFA for positron is still not available.

- These might be strong assumptions, but we need a starting point to think about a detector!
- => This talk focuses on the physics and detector side, not accelerator side.
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Towards an asymmetric detector

- Baseline: 500 GeV e-and 31 GeV et => y~ 2.1.
- Can we still do Higgs physics in such conditions?
« Experience: HERA hady = 5...
« ... Yet, it's not quite the same physics!
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Towards an asymmetric detector

- Baseline: 500 GeV e-and 31 GeV et => y~ 2.1.
- Can we still do Higgs physics in such conditions?
« Experience: HERA hady = 5...
« ... Yet, it's not quite the same physics!

+ Study cases: Higgs mass measurement (ZH recoil).
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Towards an asymmetric detector

- Baseline: 500 GeV e-and 31 GeV et => y~ 2.1.
- Can we still do Higgs physics in such conditions?
« Experience: HERA hady = 5...
« ... Yet, it's not quite the same physics!

+ Study cases: Higgs mass measurement (ZH recoil).

- Most advanced concept is the ILD at the ILC.
« Fast simulation available.
« Good comparison point.

The International Large Detector
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Towards an asymmetric detector

- Baseline: 500 GeV e-and 31 GeV et => y~ 2.1.

- Can we still do Higgs physics in such conditions?
« Experience: HERA hady = 5...

« ... Yet, it's not quite the same physics!

+ Study cases: Higgs mass measurement (ZH recoil).

- Most advanced concept is the ILD at the ILC.
« Fast simulation available.
« Good comparison point.

« Modify the fast simulation and run physics analysis
benchmarks. The International Large Detector
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Impact on physics: Higgs

+ Process:eTe” —» Z(u"u")H
« Measure Higgs mass via recoil mass.

« Detector: ILD with fast simulation (SGV), including
correct tracking.
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Impact on physics: Higgs

+ Process:eTe” —» Z(u"u")H
« Measure Higgs mass via recoil mass.

« Detector: ILD with fast simulation (SGV), including
correct tracking.

» Resolution loss due muons being boosted forward:

+ less lever arm => lower muon momentum
resolution.

+ OILD@HALHF = 2.2 X 0] DILC
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Impact on physics: Higgs

+ Process:eTe” —» Z(u"u")H
« Measure Higgs mass via recoil mass.

« Detector: ILD with fast simulation (SGV), including
correct tracking.

» Resolution loss due muons being boosted forward:

+ less lever arm => lower muon momentum
resolution.

+ OILD@HALHF = 2.2 X 0] DILC

« Mitigation: extend the barrel in the forward region!

+ Oe-ILD@HALHF = 1.2 X o)L p@glLC
» =>|oss of only 20% on recoil mass.
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Impact on physics: Higgs p

» Process:eTe™ - Z(u"u")H zx,L' b
. Measure Higgs mass via recoil mass. & e e
- Detector: ILD with fast simulation (SGV), including .
correct tracking. H
Mikael Berggren
+ Resolution loss due muons being boosted forward: 45 ILD@ILC
. less lever arm => lower muon momentum "EILD@HALHF {1
resolution. 103;e_||_|:)@|_|'a\|_|_||:
+ OILD@HALHF = 2.2 X 0] DILC
1025—
» Mitigation: extend the barrel in the forward region! §
+ Oe-ILD@HALHF = 1.2 X o) pgILC i PN
« =>|oss of only 20% on recoil mass. 11 s'si I ‘|| | | |
110 115 120 125 130 135

=> What constrains these modifications?

MRecoil [GEV]
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Beam-strahlung

Creation of many e+e- pairs...

e+ beam
lower E, high N

e- beam
high E, lower N
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e- repulsed e+ repulsed
by the e- beam by the e+ beam

o

e+ attracted
by the e- beam

Beam-strahlung

Creation of many e+e- pairs...

e+ beam
lower E, high N

e- beam
high E, lower N

e-attracted
by the e+ beam

pair creations
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e- repulsed
by the e- beam

o

e+ attracted
by the e- beam

Beam-strahlung

Creation of many e+e- pairs...

e- beam
high E, lower N

e+ repulsed
by the e+ beam

pair creations

e-attracted
by the e+ beam

e+ beam
lower E, high N

» Simulate the beam-beam interaction using Guinea-Pig. 003

- Example: plot the trajectories of all pairs created in 0.027.
the forward direction.

- Here in the ILC configuration (symmetric beams) -2
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Creation of many e+e- pairs...

e- beam
high E, lower N

» Simulate the beam-beam interaction using Guinea-Pig.
+ Example: plot the trajectories of all pairs created in 0.02 snsowm /  m BN\ 22

the forward direction.

- Here in the ILC configuration (symmetric beams) -2
- Note: backgrounds are ~independent of beam energy.

Beam-strahlung
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e- repulsed e+ repulsed
by the e- beam by the e+ beam

o

e+ attracted
by the e- beam

Beam-strahlung

Creation of many e+e- pairs...

e+ beam
lower E, high N

e- beam
high E, lower N

e-attracted
by the e+ beam

pair creations

003 >etaz >0
Simulate the beam-beam interaction using Guinea-Pig. ‘f’m& A o
- Example: plot the trajectories of all pairs created in 0.02 ooz ueum g ;
the forward direction. 0 o1

- Here in the ILC configuration (symmetric beams) -2 —_
: ' £ 0.00
Note: backgrounds are ~independent of beam energy. ~
—0.01 —' \"’ i S
Next plots: instead of showing the whole trajectory, 000
show the spatial distribution of the apex of the B Bty

£y {— 0 035e-9 rad—)r” *\

' \Beam plp -
r ry. ~0.03
rajectory 0.0 0.1 0.2 0.3

z [m]
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Beam-strahlung: impact of beam charge

« Energy = 500: 31.5 GeV
« charge =1:4 x 1010 particles* Baseline HALHF, ILD detector model
Oz=/5:75um

0 > \63194d BetaZ > 0

1508 am —  OX — — VXD —— FTD BCal
+9 -9 162] — 1623 TR — ;EO.[ 103‘: — ST ECal — LCal e- e+
sqiq ——  I6JH T — | ] — Tc HCal = pipe
| —
VsDELE = Vsd 0.002 = 3 — - Ex = 500.0 GeV E>=313GeV
02S2.I = (o 0200.1 = (30 i IO.[ 101 _ o(E); = 1.90%s O{E)2 = 1.52%e
0[+30.8 = M 0L+90.I' = M f 5 Ny =1.0e+10 N: = 4.0e+10
mucl =<0 muél =50 - 4 O:1=15um O:>=75um
mmE.E = c,8 mm0.S2 = 4 Z : B 1= 520 mm Biz =33 mm
mmI0O=¢:A mmadl=8 - 1 By1=16mm Byz=01mm
be1€-90.2 = :.,3 be1€-90.d = 143 i ] £x1 =5.0e-9 rad Exz = 5.0e-9 rad
bs1€.2E00 =3 bs1€92E0.0 =3 &1 =10.035e-9 rad & 2 =0035e9 rad
Mr €¢ar Sar Iar 0O ! 10° o 10l 102 103 104
Ol Ol Ol Ol Ol 10 10 10 10 10
[rm] < Z [mm]
*. charge asymmetry to improve power consumption, keeps lumi constant Detector model: ILC
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Beam-strahlung: impact of beam charge

« Energy = 500: 31.5 GeV
« charge =1:4 x 1010 particles* Baseline HALHF, ILD detector model

« 0z=/5:75um
0 > X154 BetaZ > 0
6 — —_— e (XD = FTD BCal
+9 -9 Ils:i)fl — IS;: 01?(;\2/ - ;‘EO.[ 103‘: — ST ECal —— LCal e- e+
5qiq =  |60H 29T — | { — TPC HCal = pipe
BeamCal +
- E _ %
Vsé)—E-.IE =<3 Ve 0.002 =3 o E1 =500.0 GeV E;:=3130GeV
o¢S2.I = :(3)o 0%00.I = (0 I 1. o(E); = 1.90% olE)2 = 1.52%
0[+30.8 =N 0L+90. I =M O '[ 1 O N,=1.0e+10 N: =4 0e+10
nETSR e ; Vertex detector + L S
mmec.c = gy mmu.ic = 1y ! x1 =320 MmMm x2 = 3.3 mMm
mmI[O=<8 mmadl= 8 - s o r By1=16mm Byz=01mm
be1€-90.¢ = 3 be1€-90.¢ =3 i — (A £x1 =5.0e-9rad Exz = 5.0e-9 rad
bs1€282E00 =3 bs1€92E00 = ;.3 de traCker o= &1 = 0.035€-9 rad & 2 =0035e9 rad
Mr . €nar Sar Inr o J0I 100!0 a1l 102 103 104
0l 0l 0l 0l 0l 10 10 10 10 10
[MmM] s Z [mm]
*. charge asymmetry to improve power consumption, keeps lumi constant Detector model: ILC
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Beam-strahlung: finding a suitable config...

« Energy = 500: 31.35 GeV

e charge =1.33:3 x 1010 particles

oz=/75:75pum HALHF:
0 > Xp3194d

=> Reduce the charge asymmetry:

1608 AT —— QX —
+9 -9 8D —— 1623 TR — {EOI
9QK] == |60H MM — T
‘ S0
Vsa?;(‘. =a Vsd 0.002 = ;
P20 = <(Io 0300€.I = ((3o i Io_[
0[+50.£ =M 0f+sE.[ =M :
muéYl =:0 mu el =0
mmeEE=c<.8 mm0.S¢ = 8 I_Ots Of
mmI0=<:8 mmad.I =8
b610-30.2 = <43 b1 €-30.2 = 1,3 baCkgrOundS
bs1 252800 =3 b61€52E00 =3
e A e RSORS00
POI €0Ir S0I Ior O0r
[mm] s

rfmm]

BetaZ > 0

a bit better forward, a bit worse backward.

s XD e FTD BCal
103 ] — 9T ECal — Lc; e- e+
1 — TPC HCal —— pipe
‘ || BeamCal +
102- | LumiCal
— -,‘."
E:=500.00GeV Ex= 3 o/
101 _ g(E); = 1.90%o oE)z = 1.52%e
N,=13e+10 N: =3.0e+10
Vertex detector + -5 cui= 75 unm
Bx1=520mm Brz =33 mm
‘ v By1=16 By2=0.1
de traCker — 09/ £,-1=5.0er-'\9":ad Ex_z=5.06r-n9":ad
b £y.1 = 0.035e-9 rad £y2 = 0.035e-9 rad
100 fonaimenee o oiern sevooe Rl BT RN T
109 101 102 103 104
Z [mm]
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Beam-strahlung: finding a suitable config...

« Energy = 500: 31.3 GeV
e charge =1.55: 5 x 1010 particles

o;=75:300 uym
0 > X154

Increase bunch length, almost there.
Other ideas?

AT —— OV —
+9 -9 162 —— 1823 R — ;EO.[
9Qiq =  |6JH oM — |
‘ -S01
Vsa-ae =a V32 0.002 =13
220€2.I = (Ao 22¢00.I = (o i IO_[
0[+390.£ =M 0[+sE.L=M -
mu 00€ =<0 mucél =0 -
mmE.E = ¢48 mm 0.8¢ = .8
mmII0=¢8 mmad.Il= 8
bs1 €902 =¢,3 b618-30.2d =,3
bs1€.2E00 =<3 b61€52E00 =3
LN L L B v v pryrvvy v v v pryv v vy v Il""" v v 0 OOI
PoI €0Ir S0I Ol Ol
[mm] s

BetaZ > 0

e \[X D e FTD BCal
103 4= 9T ECal = LCal e- e+
1|=— TPC HCal == pipe
10+ ‘
El = 500.0 GEV Ez - 31-;-GEV
101 . o(E); = 1.90%e olE)z = 1.52%e
} Ny =1.3e+10 Ny=3.0e+10
1 O:1=1715um O- 3= 300 um
Byx: =52.0mm Bz =33mm
By:1=16mm Byz=01mm
£x1 = 5.0e-9 rad Evz =5.0e-9 rad
&y.1'= 0.035e-9 rad &y 2 = 0.035e-9 rad
100 v v LI B L L BB | v v LENEL L L L BB | v LI LI LA | v v LN L B L |
10° 101 102 103 10
Z [mm]
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Beam-strahlung: finding a suitable config...

Energy = 500: 31.3 GeV
charge = 1.35: 3 x 1010 particles
oz =/75: 300 pm

Detector model: ILC...

with 5 T magnetic field ~ looks OK'

0 > \63194d BetaZ > 0

1608 ATl — XV — e VXD = FTD BCal
+9 -9 162] — 1623 TR — ;EO.[ 1033 — ST ECal — LCal e- e+
9Qiq =  |16JH M — | 1 — TPC HCal = pipe
| W—
vw-ae =a Vsd 0.002 = ;3 e E1 = 500.0 GeV Ez=3-1.;-GeV
o30S2.I = 5(Io 0300€.[ = (Io i IOI 101 _ o(E)x = 1.90%o O(E)> = 1.52%o
0I+30.€ =M 0L+sE.[ =W 5 ] Ni=13e+10 Nz = 3.0e+10
mu 00€ =<0 muél =0 i 1 Oz1=75um gz2=300um
mm E.£ = ¢, § mm 0.2 = ;.4 I | By1=520mm Bys =33 mm
mmI0O=¢8 mmadl= 8 - < By1 =16 mm Byz=0.1mm
be1€-30.2 = 3 be1€-90.2 =3 i | Ex1 = 5.0e-9rad Exz =5.0e-9rad
bs1€-52E00 =3 b61€52E0.0= .3 &1 = 0.035e-9 rad Ey2 =0.035e-9 rad
Mmar  f&9gr Sor Inr o 01 10 o 10l 102 103 104
Ol Ol Ol Ol Ol 10 10 10 10 10
[mm] s Z [mm]

Detector model: ILC
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Beam-strahlung: optimising the detector config

« Minimum clearance between beam pipe and backgrounds =5 mm.
« TPClength doubled: 2350 mm — 4700 mm.

« FTD positions rescaled accordingly.

« VXD extended as much as possible without hitting the beam pipe.

Standard ILD —

Improved extended ILD
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Towards a Geant4 implementation

« Why is it needed?

- Additional magnetic field in the forward direction (for example additional dipole)
could help muon momentum resolution.

« SGV only allows for simple solenoidal magnetic field...
» => Modify G4 ILD detector model with the previous modifications.

« |LD geometry implementation does not easily allow for asymmetric detectors.
- => use the symmetric extended detector and focus on the forward region.

DESY. | Antoine Laudrain (he/him) & | ECFA HET 2024 — 10.10.2024 — Towards an asymmetric detector for HALHF

14


mailto:antoine.laudrain@desy.de

Towards a Geant4 implementation

Standard ILD Improved e-ILD
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Towards a Geant4 implementation

Standard ILD Improved e-ILD

DESY. | Antoine Laudrain (he/him) & | ECFA HET 2024 — 10.10.2024 — Towards an asymmetric detector for HALHF

10


mailto:antoine.laudrain@desy.de

Towards a Geant4 implementation
Single (hon-boosted) Z(pp)H event

Standard ILD

Improved e-ILD
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Towards a Geant4 implementation
Single (hon-boosted) Z(pp)H event

Standard ILD N Improved e-ILD

.........
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Conclusion: HALHF the size, twice the fun!

- Beam backgrounds constrain the available space for the detector.
+ Fixed a set of beam parameters (1.3:3 x 1019 e/bunch, 75:300 pm bunch length).
- Enables more detailed detector design (esp. forward region, B field to come)

Large MC samples from ILC available for SGV and G4.

SGV (“fast-sim” ILD) can now include asymmetric detectors.
Impact of boost on luminosity measurement (Bhabha's / ee — yy)

» |Impact of boost on flavour tagging.

Improved geometry implemented in Geant4 (as modification of ILD).

Will allow playing with magnetic field configuration.

There will be a HALHF contribution to the EPPSU (will be finalised at next HALHF workshop,
end Feb. 2025)!
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Thanks for your attention!

Questions?




Improved detector with boosted collisions
TPC hits distribution (z axis)

/\

Symmetric collision, ILD Boosted collision, improved e-ILD

htemp :
B Entries 39766 — Entries 13373
| Mean 154 B Mean 1021
1000 |— Std Dev 1125 500 — Std Dev 1830

800 |— 400 —
600 [— 300 —

: : gl

L N 1 L

! | 1 | | I | L m 1 B !’m’/"_r | | | | I | | | | | m |

O | l | | | | | | | | | | | | | | |
2000 ~1000 0 1000 2000 o a000/ ~2000 0 2000 \4000 /
TPCCollection.position.z TPCCollection.position.z

« Some events crash the reconstruction, technical issue to be solved.
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- — |-, ILD@ILC

Impact on physics: F/B asymmetry
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Impact on physics: F/B asymmetry

+ Process:e™e™ —- uu~
» [black] ILD@ILC
 [red] extended ILD @ HALHF

« Move to the CM frame to ease the comparison:
« Core of distribution is the same (as expected)
« =>in particular: same width
- Tail extends on one side and is cut on the other.

» Lose on one side, but gain on the other.

« => Need more studies, especially for systematic
uncertainties (since setup itself is asymmetric).
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Beam-strahlung: impact on luminosity

- Luminosity computed by Guinea-Pig:
 Total luminosity
» Luminosity considering only events within 1% of the nominal CM energy (“peak lumi”).

« Using bunch charge N =1.33:3 x 101° with o, = 75:300 pm:
» reduces beam backgrounds to acceptable levels...
- ... while only reducing peak lumi by 35% compared to ILC design.

HALHF HALHF
ILDTDR N=2:2x101? N=1.33:3x 1010

Lumi

[pb / bunch] 0:=75:75um 0, =75 : 300 pm

Total lumi : : 0.80

Lumi within 1%

of nominal CM energy 0.92 0.80 0.56

Beam backgrounds? large mitigated
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Impact of beam parameters on luminosity

The price of solving beam backgrounds...

1.6 -
. Total lumi.
1.2 A
» All points: E- =500 GeV, E+ = 31.3 GeV. s +
= +
- Luminosity computed by Guinea-Pig: c Il [ e i NN (P, e
- Total luminosity 3061 Lumi 1% BN e 7
« Luminosity within 1% of the nominal 0.4 -
CM energy ("peak lumi”). —— N1 =2,N;=2
0.2 1 Ny=1.33,N,=3
e Ny=1,N, =4 ILC TDR
0.0

O;1= 75 O, 1= 75 O;1= 150 Oz;1= 75 O;1= 150 O;1= 300
Oz 2= 75 Oz 2= 150 Oz 2= 150 Oz 2= 300 Oz 2= 300 Oz 2= 300
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