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FCC-ee Parameter Table

V4 WW ZH
energy/beam [GeV] 45.6 80 120
bunches/beam 30180 91500 5260 780
bunch spacing [ns] 7.5 2.5 50 400
bunch population [1011] 1.0 0.33 0.6 0.8
beam current [mA] 1450 1450 152 30
Horizontal emittance [nm] 0.2 0.09 0.26 0.61
Vertical emittance [pm] 1 1 1 1.2
luminosity/IP x 103*cm2s? 210 90 19 5.1
Bx* [m] / By* [mm] 0.5/1 1/2 1/2 1/2
energy loss/turn [GeV] 0.03 0.03 0.33 1.67
SR power /beam [MW] 50 50 50 50
RF voltage [GV] 0.4 0.2 0.8 3.0
Energy acceptance RF [%] 7.2 4.7 5.5 7.0
Lumindsity lifetime [min] 94« ety gg 90 67
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FCC-ee MDI: optics

204 449 292 9.1 100 100
1.7 5.4 2.3 0.003 0.67 0.34

691 1472 296 533

11.2 38.71.9 6.9

O O O O

Main requirements
Crab waist scheme
2 IPs

B*x/y = 0.5m/1mm (1m/2mm)
Vertical emittance 1 pm (@Z

energy)

Horizontal emittance ~1 nm

(@t energy)

As close aspossi
FCC-hh beam line

Asymmetric optics solution (K.Oide), version 65 36

The synchrotron radiation from the upstream dipoles are suppressed below 100

keV up to 510 m from the IP.

Crossing angle 30mrad

Small vertical emittance (< 1pm) requires compensating solenoid
Local chromaticity correction sections needed for the energy acceptance
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FCC-ee MDI: optics

IP (A)
l 30 mrad
“Middle straight”
~1570 m FCC-hh/
L 11.9m 9.4 m Booster B

Beams must cross over through the common RF
(@ tt) to enter the IP from inside.
Only a half of each ring is filled with bunches.

[--==FCC-h
| —®=FCC-e-
| ~#-FCC-e+

~4.7 km
]

GX (m)

The separation of 3(4) rings is about 12 m:

wide tunnel and two tunnels are necessary o)
around the IR, for 1.2 km.
A more compact layout/optics around the IP is
H also possible(A. Bogomyagkov). F
O
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w= ArC (L=16km,R=13km)

w= Mini-arc (L=3.2km,R=13km)
w= DS (L=0.4km,R=17.3km)
== Straight

Coll 2.8km Coll 2.8km D

Extr 1.4 km

FCC-hh

The asymmetric IR forces a cross
over of the beams.

Beams cross overinJand D in
order to collide always coming from
the inside of the ring




FCC-ee MDI: optics

FCCee_t_74_11.sad
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o FCC-ee IP displaced by about 9.4 m w.r.t. FCC-hh IP, and up to 12m in
between 200m-600m from IP

o This forces to have a separate tunnel for about 1.2Km at each side of
each IR

o Same experimental caver as FCC-hh constrains the overall dimension of
the detector.
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FCC-ee MDI: optics

The optics designed achieved can be a basic step toward the FCC-ee
circular collider. There are a number of issues remaining to be addressed for
a complete design such as:

o Development of correction/tuning schemes on the emittance and the
dynamic aperture to mitigate the possible higher-order fields, machine
errors, and misalignments.

o Further study on the interplay with beam-beam effects.

Refinement of the IR region considering the machine-detector interface.

o lIterations between hardware designs of the RF, beam pipes, and
magnets, beam instruments., etc.

o Development of the injection scheme and necessary optics.

O

Other optics have been studied in some detail (mainly A. Bogomyagkov!l), each with
merits and demerits, but for the moment version 65 36 has been chosen as baseline

[1]http://indico.cern.ch/event/566684/contributions/2290725/attachments/1353756/2044919/Bogomyagkov.pdf
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http://indico.cern.ch/event/566684/contributions/2290725/attachments/1353756/2044919/Bogomyagkov.pdf

FCC-ee MDI: infrastructures

o Two companies have been awarded contract to undertake a cost & schedule
study for the FCC infrastructures: ILF and Geoconsult/Synaxis.

o The study is split into 2 phases: the ee machine requirements to be considered in
phase 2

2016 2017

MNovember

September October

December

February March April

Phase 1
Phase 2

Phase 1 clarification

. Phase 1 round-up workshop and kick-off
meeting

of Phase 2

Phase 2 reporting meeting

Kick-off meeting Phase 1 reporting workshop Phase 2 clarification
for Phase 1

meeting

\ \ l
| |

Estimate for baseline Estimate for variants

design (including specificities of ee machine design
requirements)

Phase 2 round-up meeting

J.Osborne,

24/11/16 Nicola Bacchetta 8



FCC-ee MDI: infrastructures

Layout of Interaction
Point “A”

/
Collision hall “UX-A”

Service Cavern “US-A”

J.Osborne _ |
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FCC-ee MDI: infrastructures

Experimental shafts L,A,B,G @

Experimental caverns L,A,B,G

Service caverns at experimental points L,A,B,G

Regular service shafts A,B,D,F.G,H,J,L 212 m

Machine lowering service shafts C,E,I K 218 m

Regular service caverns D,FH,] 15(w) x 15(h) x 100(!)
Machine lowering service caverns C,E, I, K 22(w) x 15(h) x 100(l)
Alcoves Every 1.5 km 6(w) x 6(h) x 25(l)

24/11/16 Nicola Bacchetta 10



J.Osborne
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FCC-ee MDI: infrastructures

Emergency extraction
duct @1.2m

Fixed Curtain
Lighting

Cooling water pipes
DN400
Booster ring

Survey window 1000x700mm

Demineralized water
DN 40

FCC - ee Machine

Transport zone

Fire fighting water
DN 80 with nozzle

Manhole access

Raw water pipe DN400

Single tunnel, @6.0m adopted for C&S
Phase 1

FCC-ee ARCS, TWIN DIPOLE

26.0 m
EL - 2 Cable trays
' 520 mm

Roller curtain

Dismountable blocks

EL - 2 Cable trays

520 mm

Electronic racks + shielding
66kV cable

Lighting

Safe passage ventilation
1300x400mm

2h Fire Protection
Safe passage

Transport Vehicle

Personnel Passage

F—==T==

A

Drainage DN500
CENTER OF RING

Nicola Bacchetta 11



FCC-ee MDI: infrastructures

in yellow updated dimensions
according to baseline C&S

o A @10m detector would ~fit in the baseline experimental cavern

o Same detector would need to be raised up by ~ 10m to reach beam
height.

9/.2haft dimensions not an ISSUEe, . sacchetts 5



FCC-ee MDI: Interaction Region

Based on the asymmetric optics 65 36

L*1s 2.2m

Free cone for physics starting at ~100mrad

final focus quads inside the detector (low By* and large crossing angle)

O O O O

Particles on the beam axis are not on the detector axis, so they will
experience vertical dispersion, that brings vertical emittance blow-up.
Due to the low nominal £, ~pm, this effect needs to be cured.

A compensating and screening solenoid scheme needs to be present.

24/11/16 Nicola Bacchetta 13




FCC-ee MDI: Interaction Region (Magnets)

Trajectories at 27 G0=-90.6 T/m, R0=1.3 cm, A x=3.4 cm, E= 175 GeV
~ G1=84.3T/m, R1=2.0 cm, A x-14 0 cm, 29-30 mrad
100mrad 65;nr§d
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mask

FCC-ee MDI: IR Layout

cm

\ 100 mrad |

FCC-ee Parameters

Beam Energy 175 GeV

Bx /By 1000/2 mm

xl 8y 1.3*10°%/2.5*10™"? m-rad
ox/oy 36 ym/71 nm

L* 22m
Crossing angle +/-15 mrad
Beam current 6.632 mA
e/bunch 1.71*10"

Num. of bunches 81

I/l

mask

M.Sullivan

24/11/16

Compensating solenoid not shown!

Nicola Bacchetta

Final Focus Parameters

|

Magnet L(m) Zface (m) G(T/m)
Qic 1.6 2.2 97
Q1c2 1.6 3.8 97
Q2C1 1.25 57 | 615
Q2c2 1.25 695 | 6156




FCC-ee MDI: IR Layout

100 mrad K
1 Q7

Ta masks

24 mm

/
Trapped modes \
. / T \
regions N
/ T \
/ 1 \
M.Sullivan / \
/ 1 \
/ \
/ 1 \
24/11/16 . Nicola Bacchett . )
Central beam pipe g40mm, quacfs beam pipe is g24mm

16



FCC-ee MDI: Synchrotron Radiation

W= O

o Various lattice options have been studied in detail:

« with MDISIm by H.Burkhardt:
1. MAD-X (adjust for SR 50MW/beam)

2. Generate geometry

3. Calculate SR, Plot Bend SR Cones
« with dedicated software by M.Sullivan

SR criteria guided the optics design (based on LEP experience):
Weak bends Ecr < 100 keV (LEP2 72 keV)
Weak bends far from IP (LEP2 was 260 m from IP)

Keep Ecr < 1 MeV in whole ring, to minimize n-production (LEP2 0.72 MeV)

" be
n,
| d‘?‘?ﬂd

24/11/Bossible masks
‘ Last 600 m

Ve

SR fans directed

BCSL2

Ibunch = 0.11 mA

Ibeam = 6.6 A
SR power/beam = 51.3 MW

_ gt . Hﬁu__“%*.x NAME | S(m) L{m) Angle &g% Power fra;’:‘ré}?\;lev

i BWL.2 1565.1 55.1 -4.6E-04 | 100.0 0.341 8.78E-46
BC1L.2 | 268.4 109.2 | -9.2E-04 | 100.0 0.676 8.93E-46
BC2L.2 | 512.2 65.1 -5.0E-05 9.1 0.003 0
BC3L.2 | 560.1 43.8 -1.1E-03 | 2921 2.315 5.61E-17
BC4L.2 | 608.0 43.8 | -1.7E-03 | 448.7 | 5.462 1.07E-11
BC5L.2 | 677.2 65.1 -1.1E-03 | 203.9 1.675 1.71E-23
BL1.2 877.5 28.7 2.2E-03 | 929.7 | 15.340 1.58E-06

Different from LEP : —_
Pt of fan bend Beam Energy = 175 GeV



FCC-ee MDI: Synchrotron Radiation

| MDISIM
| Zoom on the last 200m

Aperture shown as circular
=20 mm ceniral pipe, quads
=50 mm bends

From last bend

b2
1w

LEP2 FCCee t 74 11
Eb 100 GeV 175 GeV
Ecr 72 keV 100 KeV
bunchXfreq 45 kHz 180 kHz
y’s / crossing 3.E+11 4.E+11
Vy’'s 2 energy / crossing 7.E6 GeV 1.2E7 GeV

H.Burkhard
M.Boscolo :
= ol . S I£“:L.2
SR -1
iﬁ:;m

Lastbend BWL.2 100-155.1m
1.67x2.3ell = 3.8¢ell v’s / crossing radiated towards IP

total energy 1.2x1077 GeV

o Last bend closer than in LEP2 (250 m /100 m )*2 = 6.25 more solid angle

24/11/16 . Ni Bagch . 8
/"4 less space for collimators, partforfartend - SR fans directed towards IP




Photons

9-May-16

FCC-ee MDI: Synchrotron Radiation

o Comparison between 42m and 100m (baseline) last bend position

42m

T L

108 —?H\Enc,fxing - 1.69x10° - tncident spectrum .
1 2-Forward scatiered from —220em mask
L 3I-Transmitted through beam plpe
\|\(Esum Ay, 2mm Be) 14 mrad
108 — x _“—-—\_._q_‘_h‘_‘\ -
_‘_‘—‘—___‘_‘ —‘—__‘_\_‘_‘—-—-_
| N - - 7 T 4
. Tot forward scat/xing = 4.71x10 \—L._H_H__
.
10 T ]
102 1 —
—r'_’—rrl_rm _hh‘——-—._
—

100 T |
Tot Thru 25um Au + 2mm Be/xing = 471 ’HHLLU
1w M. Sullivan

PR I A PP R WA R S —

200 400 600 800 1000
Photon Energy (keV) :—l*fn:_m%n
MDI background meeting

Photons

9-May-16

106

104

102

| o

| ﬁlfﬂ

ot Inc/xing = 3.66x108

7| » Totforward scat/xing = 1.37x107

100 m

1-Incident spectrum on 2.2 m mask (100m
Z-Foreward scattered from 2.2 mask
8- Transmitied through beam pipe

w Be) 14 mrad ine angle

T T _‘_‘_‘_'—_"‘-——_

<, Tot Thru 25um Au + 2mm Be/xing = 63 ‘hu_Ll

sB)

MDI background meeting

o As expected there is a scaling factor due to geometrical acceptance

24/11/16
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M. Sullivan
P P U A R R
200 100 500 800 1000
Photon Energy (keV) xS °
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FCC-ee MDI: HOM (Higher Order Modes)
HOM trapping by the cavity structure at 1P

cavity
structure [@ 45.4GeV N
N = 0.33¢11
[ = 1.45A P, = 68.5kW
sp = 2.5ng In the worst case
\RS = 11.173kQ E Belli y
26 mm

e HOM is trapped in the IP beam pipe, if all beam pipes are narrower than
the IP, which needs to be larger that 40 mm (M. Sullivan).
* Heating, esp. at Z.

e Leak of HOM to the detector, through the thin Be beam pipe at the IP.

Small variations in the beam pipe geometry can produce trapped modes
These modes cannot propagate into the pipe and therefore they remain localized

near the discontinuity, producing narrow resonance peaks of the impedance.
Possiltle source of heating Nicola Bacchetta 20



FCC-ee MDI: HOM (Higher Order Modes)

Asymmetric L*: larger outgoing beam pipe & thinner final
quads

Asymmetric L* layout

177.2 T/m
1.6 m

no cavity
structure

It seems that the most
dangerous modes are not
trapped in the asymmetric
layout case (as expected)

E.Belli 12

J

3.2m
K. Oide 1 Lin* =2.2m
e The HOM can escape to the outside through the outgoing beam pipe,
which has a diameter not smaller than IP.
e The outgoing final quad becomes thinner and stronger (E. Levichev, S.
Sinyatkin).
o This seems to be an almost “transparent” choice in terms of optics, dynamic

apertures, compensating solenoid etc., however it adds complexity.

26 mm

[1]http2//idditbecern.ch/event/566684/contributions/2290724/attachimetts?336568678/2045286/FCCee Oide 161013.pptx 21
[2] http://indico.cern.ch/event/566684/contributions/2324659/attachments/1354376/2046037/FCCeeDesignReview 131016 CollectiveEffects.pptx



http://indico.cern.ch/event/566684/contributions/2290724/attachments/1353678/2045286/FCCee_Oide_161013.pptx
http://indico.cern.ch/event/566684/contributions/2324659/attachments/1354376/2046037/FCCeeDesignReview_131016_CollectiveEffects.pptx

FCC-ee MDI: IR Layout

Several aspects have been considered (and struggled with) for this
design:

o L*, position of QC1, strength of QC1-QC2, crossing angle, position of
last bend, position of the compensating solenoid
o Position, size and optimal coverage of the luminosity detector
o Synchrotron radiation heavily influenced the design (as expected):
a. Minimum pipe diameter at the IP is 40mm (perhaps still possible
to have it 30mm)
b. Masks and shielding (obviously still to be optimized)
c. Last soft bent is now 100m away from IP, further limiting SR at IP

24/11/16 Nicola Bacchetta 22



FCC-ee MDI: IR Layout

Work is ongoing on several fronts:

1. Consolidate the present design by expanding the background calculations to
includel®!;
a. Complete forward/backward SR calculation of the IR
b. Check also with the Higgs machine parameters

2. How to optimize SR masks/absorbers (also to be effective for all sources of
backgrounds)

3. Create more space at the IP for detector elements (luminosity monitor) by
moving outwards compensating/screening solenoids!?, is this still a
possibility ?

4. Study of trapped modes: Not clear that induced power might be handled
(HOM absorbers to be studied) in the symmetric L* design.

Further steps:

1. Extend background studies with present IR

2. Move progressively toward a more realistic design for IR elements (quads,
solenoids, beam pipe, supports, flanges etc.) whatever relevant for
benchmarking detector performance.

3. Luminosity detector (?)

[1]http://indico.cern.ch/event/505741/contributions/2158992/attachments/1269223/1880026/FCC IR _Update 09May16 MDI_meeting_sullivan.pdf
[2]httd/ /indide.cern.ch/event/533299/contributions/2172423/attAthients/i276683/1893611/IR_optics meeting.pdf 23



http://indico.cern.ch/event/505741/contributions/2158992/attachments/1269223/1880026/FCC_IR_Update_09May16_MDI_meeting_sullivan.pdf
http://indico.cern.ch/event/533299/contributions/2172423/attachments/1276083/1893611/IR_optics_meeting.pdf

FCC-ee MDI: Geant implementation of the IR

Implemented for the simulations “envelope” for the shielding solenoid (yellow) :
- QDO is inside

shown here Dom<z<BAm \
- R =2z _start * 100 mrad |

Compensating solenoid (green):
-13m<z<22m -
-R=z*100 mrad
- B =-4.9T inside this volume

20 cm long Tantalum
masks (pink)

B=2T (exp. solenoid) _

outside. e (

c}a\ec"o

\l‘f*O Tantalum shielding
around the BP (pink)
(protect from SR).

Split 1 — 2 vacuum BP in Be, width 0.5 mm

chambersatz=1m

Luminosity monitor (blue) :
-1 1Tm<z<13m

i. Perez
- Si/W calorimeter, 5.6 <R <9.3 cm y

24/11/16 Ni Bacchetta .
4/12/2016 - centered around gtﬁe outgoing beam E Perez



FCC-ee MDI:. Geant implementation of the Detector

o Based on CLIC adapted for the
FCC-ee IR as a start

- 40mm diameter beampipe in central region

- VXD Barrel: 3 double-layers R = 2.2 cm, 4.4 cm,
5.8cm|zmax|=13cm

— - VXD Endcap : 3 disks, “spiral” geometry, Rmax =

10.2 cm |z max | = 22.3 cm i.e. all endcap disks

on the cylindrical BP

( + yoke and muon chambers )

Solenoid

R=38m
z=39m

Inner and Outer Tracker

Dimensions
extend to
O(10m)

with the yoke
and muon det.

(Steel/Scint)

NB:
FCC HCAL does
not need to be
that big.

B =2T instead
of 4 T, hence less
iron neecded.

Nicola Bacchetta




FCC-ee MDI: Sinchrotron Radiation/ Detector simulation

Starting point is forward-
scattered on the mask (a)
of 4.7E7 y per BX (from
bend + final quad) x 2 for
the two beams(,

Send these photons
through our full
simulation.

Fwd scattering expected
to be the dominant
source of background.

Forward Scatter

Back Scatter

htemp

10‘3
m’;-

- Total forward scatterings/Xing = 4.7E7

1" Last bend @42m

24/11/16

2876 3
160.9

500

1000

% C
= 3000 — No shield 3
Q - — Full shield
:‘:3 2500 —
: Bl
20005 =
1500 =
1000- E
500 E
O
084, 05%.., 7 Bary, Entegy T By, Ts,,%

\ E. Perez
A.Kolano

Number of hits in
the VXD + tracker,
per BX : 4500 x 2
beams = 9000 hits,
mostly in the
Tracker as the VXD
acceptance is small
for these vy. 26



FCC-ee MDI: Sinchrotron Radiation/ Detector simulation

o Full shielding of the
beampipe with 2mm Ta
(right sketch) dramatically
reduces number of hits in

hits per BX

the VXD
3500
- ' ! ' E. Perez
3000 — No shield A.Kolane?
- —— Full shield ]
2500 —— Partial shield —
20005 [
10{}0:— i
5005 =
0 - | Ilf !rr I.'r l) It:J-;a-
o Barrg, 5 Sarey Enﬂ% rs""w EM"@D

Partial shield is still
effective in reducing
hits on the VXD

24/11/16

SR shielding of beam pipe

20 cm

24 mm 20 mm

I d 50 mrad

\

\
\

\

\
C\

T em
v 100mrad |

‘\I
1

p 4 Possible LumiCal
/
/

Keep synchrotron
radiation shielding
away from LumiCal

acceptance

Mogens Dam / NBI Copenhagen

o If Lumi detecto

i_

/

FCC-Wpek 2016

r place

.-

14 Apmi 2

in front of

compensating solenoid (green bars in the
right sketch), need to shorten the length of
the shielding to keep it away from Lumi

acceptance.

Nicola Bacchetta
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< N hits per BX >

FCC-ee MDI: beamstrhalung and pair production

— | | < = E
100:—|— —— with shielding 4 3 - : ET>>~=52(I)VII\?I\9/V . 1
80‘_ — without shielding_; IE_ o ;_ <0 >=80mrad g .;g g 4
ool . : o
o - 07
20| - -
—

o 7 ‘ 7
Shielding increases the number of hits

by a factor of 2 in the VXD

Guinea-Pig @Zpeak 10 PN
g&ep 10 107 107 10

. Perez

0 (rad)1

o On average : ~ 4000 pairs created per BX carry an energy of ~ 1 TeV (
400 x less that at ILC500 ).

o On average : 320 hits / BX ( 70% on the VXD, 20% on Inner Tracker, 10%
on Quter Tracker

o Beampipe shielding increase the number of hits (even 0.5mm Ta is
enough for electrons of < p > =500 MeV to make a shower)

cola Bacchetta 28
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FCC-ee MDI: beamstrhalung and pair production

o - N w Hits / BX Hits /7 BX
< Itlnl = ‘.ln I'\l:’l TT Ii.rl TT Iolol 1I I&.lnl TT Ibl TT [ 8 8 = S % %I B 3
I : + g_‘ | T T T I‘N‘l l I‘Nl T T
Sln + == [
i -+ — - "
- -+ —+ . 8
i + —+ =0 £
& -+ —+ = =
8 —“+ i ’ £
L 1 —— §Q I €
B -+ S2 = 3
ol -+ — DS HH M S
- ++ + = E - — 2
L —— D S =
- T =S| E
S . i E == ) % g= B
B % —+ 252 2 [ Inner Tracker Disk 1 |~ = &/
- Pixel Barrel E&yer 1 = BNE [ == e
/'3:‘8__ :’:+ E § g ggo_l OI OI = OI 1 IOII 1 IOII 1 IOII 1 IOII 1 IOII 1| I 111 I I|
é B 11 ‘ | - ‘ | - ‘ 1111 ‘ 1111 ‘ 1111 | ‘ﬂﬁ‘ | | \'Al\ | _8 E g 8 — h E: io_‘: iO_\C> g §
o o1 = s ~ ™ @ @ 5 & N Occupancy (26) / BX (clusters of 1 pixel)
GGOI’giO?V@Ut@MES(%) / BX (clusters of 1 pixel)oés

From GuineaPig @ Z peak: more detail studies ongoing

o Total occupancy on the innermost layer of the Pixel barrel as function of Z
and at the Disk 1 of the Inner Tracker as a function of R .

o The central (straight) section of the beam pipe is considered to be 0.5mm
Be

24/11/16 Nicola Bacchetta 29



FCC-ee MDI: Conclusions

o Lots of progress thanks to the combined effort of many
people (Thanks !)

o Optics design reduces now the SR from last bend to
values similar to LEP2

o We have a baseline design for the optics and IR, but still
struggling with the Luminoisty detector (see Mogens talk)

o Mechanisms are in place to study background effects into
a proto-detector based on CLIC and contribution from the
CLIC group is also coming (Thanks !). The group is
strengthening and many interesting studies can now take
place.

o Studying of shielding, masking, collimators, is ongoing

o More background studies are undergoing or soon to start
(beamstrahlung, yy to hadrons, radiative Bhabha)
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FCC-ee MDI: Luminosity Detector
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Still quite challenging to squeeze in a lumi detector with sufficient cross-section for
small angle elastic e*e- (Bhabha) scattering.

Here it is assumed the compensating solenoid ends at 1.2m from IP leaving 20cm
for the lumi detector to be placed in front of it.

Effective lumi cross section depends critically on the difference p between loose
and tight fiducial volumes (here p 20mm, OPAL had 15mm).

Not clear yet whether this would be sufficient to achieve desired precision (here
@jﬂ]_/ﬂ_fhb) Nicola Bacchetta 32



FCC-ee MDI: Luminosity Detector
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o New study from Mogens for Lumical at Z=1100, p of 10mm divided into
5mm for the effective difference between loose and tight cuts and 5mm for
limiting the “leakage” (5mm at Z=1000 corresponds to the same angles
present in OPAL).

o Cross-section would now be here 0=30.8nb

o With thickness of 20cm it means that the compensating solenoid should
end at Z=1300 (instead of Z=1000 as now).
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HOM trapping by the cavity structure at 1P

cavity
structure

> <

40 mm

* —
L*=2.2m VL P—
e HOM is trapped in the IP beam pipe, if all beam pipes are narrower than

the IP, which needs to be larger that 40 mm (M. Sullivan).

* Heating, esp. at Z. |
“¢"'léak of HOM to the detector, thf5tigh thie thin Be beam pipe at the IP.



Asymmetric 1.*: larger outgoing beam pipe & thinner final

quads

®
24/11/16

Lout* = 2.0 m

177.2 T/m
1.6 m

no cavity
structure

98.2 T/m
3.2m

Lin*=2.2m

The HOM can escape to the outside through the outgoing beam pipe,
which has a diameter not smaller than IP.

The outgoing final quad becomes thinner and stronger (E. Levichev, S.
Smyatkm) Nicola Bacchetta 35
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