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CDR MACHINE PARAMETERS

Unit Higgs WW Z

Circumference km 100

Crossing angle mrad 33

Focal length (L*) m 2.2

Beam energy GeV 120 80 45.6
Beam current mA 17.4 87.9 461.0
Number of bunches 242 1:524. 12,000
Particles per bunch X100 15.0 12.0 8.0
Horizontal emittance nm 1,21 0.54 0.18
Vertical emittance pm 24 1.6 1.6
o m 0.36 0.36 0.2
B5 mm 1S 1.5 1
o pm 20.9 13.9 6.0
o nm 60 49 40
Bunch length mm 4.4 5.9 8.5
Natural bunch length mm 202 2.98 2.49
Energy spread % 0.134  0.098  0.080
Energy acceptance % 2.06 1.47 1.70
Luminosity X10°* 3 10 32

* Decided to complete the interaction region design based on
the CDR parameters;
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INTERACTION REGION LAYOUT

e To accommodate both machine and detector elements in the
crowded interaction region to achieve an overall optimal

performance (high luminosity, low backgrounds)
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S. Bai
STARTING WITH SYNCHROTRON RADIATION

* Synchrotron radiation dealt with high priority at circular
machines when designing the interaction region;

* Sextuple magnets to lower the critical energy of SR photons

Revised beam pipe design to achieve:
No direct SR photons hitting the central beam pipe even under the extreme
beam conditions (e.g. beam off orbit due to magnet errors)

)

X{m
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S. Bai

REVISED BEAM PIPE & VACUUM CHAMBER DESIGN

* Another update: asymmetrie

up-&down-stream-beampipe
apertures

Design dropped

|

No SR power deposition between
+0.855 m — =+ 0.805m

Segments Power Deposition Average Power Density
0.805m™~0.855m 36.53 W 88.9 W/cm?
0.855m~2.2m 2.24 W 2.54 W/cm?2
QDO 2.79 W 0.39 W/cm?
QDO~QF1 36.1 W 63.6 W/cm?
QF1 3W 0.55 W/cm?
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Y. Liu

HOM SIMULATION
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e Main sources: 1. Power trapped in the IR pipe (f< 11.474GHz); 2.
HOM propagated from other part of the ring
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Y. Liu

HOM HEAT LOAD RESULTS

Total length:2220mm °* HOM heat load results to be
used for FEA thermal analysis for
the beam pipes and vacuum
chambers

Be: 136.9w
Cu: 332w

Maximum Power CDR beam HOM power High Luminosity = HOM power
parameters (w) density (w/cm?) beam density
parameters (w) (w/cm?2)
Be pipe 50 0.227 136.9 0.622
Al: Transition pipe 342 0.316 1097 1.012
Cu: Y-shape crotch 207 0.158 664 0.507
Total power in IR pipe 592 0.234 1898 0.714




BEAM PIPES

Q. Ji, et al.

e Beryllium (central) and Aluminum (forward) beam pipes

HE NG Ol g4t D
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BEAM PIPE THERMAL ANALYSIS |

FEA results being updated

Calculation model and condition
Be Al
||

*Coolant: water
eInlet temperature: 23°C
*Flow rate: 3.4L/min

Viscous model: Laminar

Heat in each part of calculation model

The enlarge cavity of Be pipe:
Z: 77.3W(5492.7W/m?)
HZ: 332.0W(23589.0W/m?)

Be pipe:
Z: 47.92W(4539.7W/m?)
HZ: 415.6W(39371.9W/m?)

The extending Al pipe
Z: 284.2W(5492.7W/m?)
HZ: 1220.3W(23589.0W/m?)
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*Coolant: paraffin
eInlet temperature: 23°C
*Flow rate: 2.2L/min

*Coolant: water
*Inlet temperature: 23°C
*Flow rate: 3.4L/min

Temperature distribution in Z model

Temperature[C]

2 > A L0 X v Y O O
N A S

nstallation position: 25.2°C

Max.t of detector 1 24.3°C

Max.t of outer Be:

P

ax.t of transition section of inner Al: 35.3°C

paraffin: Ap=19.8kPa, At=3.1°C

water:  Ap=14.8kPa, At=1.2°C
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Q. Ji, et al.

BEAM PIPE THERMAL ANALYSIS |l (CDR Z)

Al(Coolant: H,0)

Be(Coolant: paraffin)

Power dissipation: 1500 W

Al(Coolant: H,0O)

J | [ 1
outlet <31 = e——e—) = . =) outlet
inlet ) < inlet
: Inlet of Be pipe: Inlet of Al pipe:
Calculation model: TEMP: 23C" TEMP: 23C°
laminar Velocity: 1.3 m/s Velocity: 1.0 m/s
Coolant: paraffin Coolant: H,O
Temperature rise:  Pressure drop:
Temperc'aturelclﬂT : ] Be pipe :3.2°C Be pipe : 19.8 kPa
‘ﬂ}: qf;.b (&9 RO I R R S Transition: 13.3 °C Al pipe : 19.3 kPa

Maximum TEMP of outer surface of Be pipe: 26.2 °C
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Maximum TEMP of transition: 36.3°C
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Al pipe : 6.3°C

Conclusion:
Temperature rise and pressure
drop within safe range
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Q. Ji, et al.

BEAM PIPE THERMAL ANALYSIS Il (HL Z)

Al(Coolant: H,0)

Be(Coolant: paraffin)

Power dissipation: 5100 W

Al(Coolant: H,O )

outlet <=
inlet [

Inlet of Be pipe:
TEMP: 23C°

Calculation model:

laminar Velocity: 2.0m/s
Coolant: paraffin
Temperature (C] IS T | .

Maximum TEMP of outer surface of Al pipe: 41.6C

Maximum TEMP of outer surface of Be pipe:
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/ v {+]
29.2 C° \1aximum TEMP of transition: 56.6C
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E> outlet
{3 inlet

Inlet of Al pipe:
TEMP: 23C°
Velocity: 1.5 m/s
Coolant: H,0

Temperature rise:
Be pipe :6.2°C
Transition: 33.6 °C
Al pipe : 18.3°C

Pressure drop:
Be pipe : 31.9 kPa
Al pipe : 37.7 kPa

Conclusion:

Increased temperature rise and
pressure drop but still within
safe range, subject to further
optimization
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SHRINKING THE BE BEAM PIPE: ©28 - ©20

Feasibility studies already started, full evaluation
postponed for the High Luminosity design

* Quantify the impacts of smaller beampipe radius on HOM
heat load, radiation backgrounds and tracking/vertexing
performance = caveat: studies based on the CDR machine
parameters, conclusion might have to change with the
involving machine design

* Beampipe shape (central + forward) to be (re-)defined

1500.00

| ﬂ 410.00 n S|

I Sr— 4.

OL{ e e —— S e s e e ] ..... g
v

; g beryllium P T
\ aluminum aluminum——29000___aluminum aluminum

400.00
stainless  Transition section stainless
steel (No Cooling) steel

Smaller Be pipe radius preferred to
fabricate thinner beampipe (less material)
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Details in H. Shi’s talk

RADIATION BACKGROUNDS

» Revisited (several times) the detector backgrounds caused by
the beam loss particles, in particular beam-gas interactions
and beam thermal photon interactions
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Position in SAD
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W. Xu, H. Shi
UPDATED BACKGROUND LEVELS

* Background levels estimated for different sources and
machine operation energies

* SR Hit Number on Be beam pipe per bunch crossing

___

Hit Number ~320

* Backgrounds at the 1st vertex detector layer

1 MeV equivalent neutron

Background Hit Density (cm~2 - BX™1) TID (Mrad - yr~1 fluence
(Negx101% - cm™

Higgs W VA Higgs W Z Higgs W VA
progjicrtion 1.8 1.2 0.4 05 2.1 5.6 1.0 3.8 10.6
Beam Gas 0.4 0.4 0.2 0.36 1.3 4.1 1.0 36 11.1
Total 2.2 16 0.6 0.86 3.4 9.7 2.0 7.4 217
CDR 2.4 2.3 0.25 0.93 2.9 3.4 2.1 5.5 6.2




Details in S. Hou’s talk
LUMICAL

* To achieve precision luminosity measurement as required for
precision Higgs/EW measurement;

* Detector design and integration into IR

X3TB

~ %)%
/

Tracking Devices
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MECHANICS — ACCELERATOR COMPONENTS

Helium Vessel
Vacuum Vessel QF1

/ QD0

Support Rods

Anti-solenoid

* Nontrivial to install and support the magnets and its auxiliary
components with sufficient accuracy and stability
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DEFORMATION CALCULATION

High stiffness, low density materials/structure

C: 1gravity-2magnet-bolt

X Axis - Directional Deformation - Multiple - End Time
Type: Directional Deformation(X Axis)

Unit: m

Global Coordinate System

Time: 2

6.1967e-5 Max

-0.
-0.001775
-0.0022342
-0.0026935
-0.0031527
-0.003612
-0.0040712 Min

0.000 1.000 2.000 (m)
I J

0.500 1.500

C: 1gravity-2magnet-bolt
Directional Deformation

Type: Directional Deformation(X Axis)
Unit: m

Global Coordinate System

Time: 2

-0.00013315 Max
I -0.00043583 i

-0.0010:

. -0.0013439
-0.0016466

[T -0.0019492

. -0.0022519
-0.0025546
-0.0028573 Min

2.000 (m)
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I
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G: 1gravity + 2magnet-bonded

X Axis - Directional Deformation - End Time
Type: Directional Deformation(X Axis)

Unit: m

Global Coordinate System

Time: 2

6.2201e-5 Max
-0.00025295
-0.0005681
-0.00088325
-0.0011984

-0.0021438
-0.002459
-0.0027741 Min

%y

0.000 1.000

2.000 (m)

I
0.500 1.500

Region [

G: 1gravity +2magnet-bonded
Directional Deformation

Type: Directional Deformation(X Axis)
Unit: m

Global Coordinate System

Time: 2

-0.00013316 Max
-0.00034535
-0.00055754
-0.00076972
-0.00098191

-0
0
-0.0016185 %
-0.0018307
-0.0020429 Min Z,j
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MAGNET SUPPORT

* Refined supporting structure

stainless steel) preferred, calculation to
be repeated with tungsten as required for
radiation shielding

uneven deformation | uneven deformation | Total Frequency of
in QDO (um) in QF1 (um) weight (kg) | 1%t mode (Hz)

Vertical  Horizontal Vertical Horizontal

Skeleton 44 5 0.6 0.2 3244 12.7
[ Solid 7.3 0.6 0.3 0.2 5041 11.3 ]
S-o support 27 1.6 0.7 0.5 3477 13.7

S-o support: skeleton support with outer ring
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SUMMARY AND OUTLOOK

* Interaction Region design re-visited for the CDR machine
parameters

* HOM heat load updated with revised beampipe shape (SR
prevention considerations)

* Central beampipe with cooling structures; FEA thermal
analysis to verify the design (being updated)

* Background levels re-calculated for various sources and
operation at different energies

* LumiCal design updated and integrated into mechanical design

e Results based on CDR machine parameters to be published
* New IR design for the high luminosity machine to be started soon
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PHYSICS GAINS

* First estimates made with fast simulation and scaling
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relative scanned paramster to estimate the physics gains

G. Li
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