IRP IL:

Beamstrahlung backgrounds

In ILD @ FCCee
(update)

contents to be shown at FCC physics meeting in Jan.

Daniel Jeans / KEK IPNS ILD sw/ana 18" December 2024
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magnetic field maps

field magnitude

field lines & orientation
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ILC with anti-DID FCCee: screening and compensating coils

beamstrahlung: many very low pr e+e- created in bunch collisions

very different bunch structure, materials and fields in the forward region
— major effect on beamstrahlung backgrounds ?




reminder:
number of primary ions produced in the TPC per bunch crossing

FCCee-91 FCCee-240 ILC-250

model B-field [T] MDI thousand ions / bunch crossing
mean = RMS
ILD_15_v02 3.5 (uniform) ILC 6.5+19.9 14+ 14 960+ 150
ILD_15_v02_2T | 2.0 (uniform) ILC 6.9+11.1 15411 4700 =+ 300
ILD _15_v03 3.5 (map) ILC 5.7+£7.9 14411 1100 +£200
ILD_15_v05 3.5 (map, anti-DID) ILC 0.6t1.5 3.7+9.7 450+ 110
new FCCee models

ILD_FCCee_vO01 | 2.0 (uniform) FCC-ee | 351115 9874155 11100042100
ILD_FCCee_v01 | 2.0 (map) FCC-ee | 2614+ 86  8234+180 10000042100

“realistic” situations : a few 100k — 1M primary ions / BX

ILC and FCCee are similar




TPC integrates over many collisions; maximum ion drift time ~ 0.44 s

roughly estimate number of primary ions in the TPC volume (~42 m?3) at any time,
taking account of different collision rates

number of ions ~ primary ions/BX * BX freq * max drift time * 50% [some ions already reached cathode]

Collider FCC-91 FCC-240 ILC-250
Detector model ILD_FCCee_v0l1 ILD_FCCee_v0O1 ILD_15_vO05
average BX frequency 30 MHz 800 kHz 6.6 kHz
primary ions / BX 260 k 820 k 450 k
primary ions in TPC at any time 1.7 x 102 1.4 x 10! 6.5 x 108
average primary ion charge density nC /m’ 6.4 0.54 0.0025

primary ion density in TPC: 2500 times higher at FCCee-91 than ILC-250
200 times higher at FCCee-240 than ILC-250



ILD_FCCee v01 model (with field map)

MDI exactly from MDI_o1 v0O

X [cm])

X0 y= 0.010 [em]

Z [cm]

production point of
particles entering the TPC

momentum_cos_theta
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hParticleEnteringTPC_en

hParticleEnteringTPC_en

particles which induce TPC hitS  “F sy 1ev ) R

Std Dev 0.003314
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hParticleEnteringTPC_nhits hParticleEnteringTPC_nions

hParticleEnteringTPC_nhits hParticleEnteringTPC_nions
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ILD_FCCee v01 model (with field map)



birthplace of particle
which later enters TPC hParticleEnteringTPC_startZR
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test different shielding configurations

X0 y= 0.010 [cm]
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up-stream
of LumiCal

down-stream
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primary ions in TPC / BX @ FCCee91
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“down-stream”

up-stream shielding before or inside LumiCal doesn’t reduce pair bg in TPC

thicker down-stream shielding after LumiCal does help: e.g. increase from 15 — 30 or 45 mm
13



compensating solenoid (-5T) ensures
that integrated B, seen
by beam is 0

limited space available
- strong compensating magnet,
limited detector solenoid

transition between

+ 2T detector solenoid and

— 5T compensating solenoid

Is essentially a magnetic wall for low pr e*

- steered into the shielding just behind LumiCal

new proposal for alternative compensation scheme moves this
strong compensating solenoid outside the detector doi:10.18429/JACOW- IPAC2024-TUPC6S
-~ more space available for compensation - relaxed limit on detector solenoid strength

would there be any effect on beamstrahlung backgrounds? H



* test removing strong compensating solenoid field
* also remove the “screening field” for technical reasons ILD_FCGee_vo1_playWithMask5h_noComp,_antiDIDc

Xem]

* also try introducing an “anti-DID” field,
alalLD@ILC

=
=
=
=
.

— small Bxto bend field lines
(and therefore low prparticles)
into outgoing beampipe

optimal anti-DID strength should depend on =
main solenoid field %00 200 -100 0 100 200 2[cn:§|(]m

crossing angle : . :
uniform solenoid + anti-DID

use ILD@ILC field map for anti-DID field

simple scaling of its strength
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primary ions in TPC / BX @ FCCee91
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effect of anti-DID:

primary ions in TPC?\BX\@ FCCee91

antiDID_ZatIP
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scaling of anti-DID field

with the compensating solenoid, it doesn’t help much - “magnetic wall”
without compensating solenoid, it can reduce BG by factor ~2 @ 27T, ~6 @ 3.5T
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clear advantage of higher field (only if anti-DID available)



antiDID_ZatIP
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extend length of down-stream shielding

E
* antiDID_ZatIP
— 300 x10°
2 — A standard ILD_FCCee_v01
8 : —i@— 2.0T, 45mm shield, with compSol
O -
L 250 I A —— 2.0T, 45mm shield, no compSol
g B —@— 3.5T, 45mm shield, no compSol
E : - 43~ - longer shield
— L} .
- Q 200(-
C —
- £ B
1 1 1 1 1 1 u} B
—600 —400 —200 ] 200 400 600 ot —
N . 7 leml 9 150 L
g - N
g o -
~ E -
a -
100—
50—
0_||||||||||||||||||||||||||||||||||||||||||||
—2 — 0 1 2 3 4 5 6 7

scaling of anti-DID field

1 L MR 1
—600 —400 —200 1] 200 400 600
Z [cm])

_ extra downstream length: gain a factor ~2 3
* just a toy model: eg QDO needs space!



primary ions in TPC/BX @ FCCee91

can reduce beamstrahlung bg in TPC
antiDID _ZatIP
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primary ions in TPC/BX @ FCCee91

can reduce beamstrahlung bg in TPC
antiDID _ZatIP
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primary ions in TPC/BX @ FCCee91

can reduce beamstrahlung bg in TPC
antiDID _ZatIP
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primary ions in TPC/BX @ FCCee91

can reduce beamstrahlung bg in TPC
antiDID _ZatIP
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properties of
particles which
iInduce TPC hits

primary ions in TPC / BX @ FCCee91
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primary 10ns In 1PG / BX @ FGGeey1

how about at 240 GeV ?

antiDID_ZHatIP
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rather similar conclusions

reduction by factor >10 seems possible
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conclusion

Collider FCC-91 FCC-240 ILC-250
Detector model ILD_FCCee_v01 ILD_FCCee_v01 ILD_15_vO05
average BX frequency 30 MHz 3800 kHz 6.6 kHz
primary ions / BX 260 k 820 k 450 k
primary ions in TPC at any time 1.7 x 1021 1.4x 1071 6.5x%x10°
average primary ion charge density nC/m’ 640.6 0540.05  0.0025

*rough estimates

primary ion density in TPC: 25008250 times higher at FCCee-91 than ILC-250
200 20 times higher at FCCee-240 than ILC-250

better conditions for TPC, but maybe still not easy?

n.b. this comparison does not consider
the secondary ions created in gas amplification
— almost certainly worse at circular collider due to “no” gating
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