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Dominant effects on backgrounds and lifetime

Two colliding beams

= Radiative Bhabha — dominant effect on lifetime
= Pairs Production

Single beam
Synchrotron Radiation
Touschek
Beam-gas

Intra-beam scattering
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SuperB

Outline
V12 lattice LER & HER

Touschek

= Lifetime
= Loss rates at Interaction Region

= Horizontal collimators system

Beam- gas: Coulomb and Bremsstrahlung
= Lifetime
= Loss rates at Interaction Region

= Vertical collimators system

M. Boscolo, Isola d'Elba, May 31st 2011



Beam Parameters V12 lattice

units HER (e+) LER (e-)
Beam Energy GeV 6.7 4.18
Particles/bunch 5.08 X 1010 6.56 X 1010
Nominal horiz. emitt. no IBS m rad 1.97e-9 1.80e-9
Horiz. emittance with IBS m rad 2.00e-9 2.46e-9
Coupling (full current) % 0.25 0.25
Bunch length (full current) mm 5 5
RF acceptance % 0.03 0.04

‘SuperB’
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stable results with

Simulation results # machine tums=5

# macropart. 10= 500x2 every 3 out of 2300 elements

= Calculated lifetime and rates are dependent on the:
= |atftice energy acceptance apy=4cm
= physical aperture -elliptical shape
apx=4cm
= Half vertical aperture = 4 cm everywhere

= Half horizontal aperture = 4 cm everywhere but at the IR
= at QF1 BSC >~ 305,
= at QD0 BSC >~ 30 o, at full coupling

= 0.04
= 002
Simulation results need to be 0
updated together with IR design 0.0
-0.04 .
-4 2 2 4
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Lattice Energy Acceptance

0.4+

2 ! 1
2  LER _ HER
S 08 . No IBS, 0.8 :
‘2 : i e,=1.8nm :
2 7 | : | i
~ 06 0.6 1 '
j 11]1
0.4+ i

0.2 0.2-

nt=1—'

Olll —T—T
0.03 -0.02 001 0 061 002 0.03 0.03 -0.02 001 0 001 002 003
| DEE | DEE

— nt= machine turn number
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V12 lattice Troy (MIN)

No collimators 40

~15% lifetime reduction
to greatly reduce IR losses
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LER Touschek Lifetime

collimators setting e, (m rad) troy (8) | ¥TOU
(min)
No collimators 1.8e-9, no IBS 350 5.9
No collimators 2.4e-9, with IBS 460 7.8
With collimators 2.4e-9, with IBS 400 6.6

‘SuperB,

~ 15% lifetime reduction
to greatly reduce IR losses

Short Touschek lifetime, but not the limiting effect-however it needs special care,
especially because most of particle losses tend to be at the IR
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HER /LER Final Focus collimation system
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Horizontal Collimators upstream the IR

Intercept the Touschek particles
in the final focus upstream the IR
that otherwise would be lost at the QF1

So, in principle, the good collimators set corresponds to the same Beam Stay
Clear , in sigmax units, that we have in the IR

Collimator jaw insertion = 0.9* phys. aperture(QF1)-650,/ 0qF

For example: HER: primary collimators = 1.5 cm

This has been the initial jaw opening, the optimal
position has been found in the simulations

@
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Proposal: fixed collimators

= The proposed horizontal collimation system results very efficient
from simulations.

= [tis almost straightforward to model the beam pipe at the
longitudinal positions of the primary horizontal collimators (two
hor. Sextupoles) with a horiz. physical aperture corresponding to the
one needed for the jaws to efficiently intercept the scattered particles
that would be lost at the QF1.

A symmetrically
shaped pipe is a
better solution from
wakefields and HOM
point of view instead of
collimators

Dedicated discussion

/ AN / N foreseen
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Collimators Final set from the simulation

found by minimizing IR rates and maximizing lifetime
real set will be found experimentally

g 004 " SET (o, units):
< 0027 P |maty go:;= gg /+31 oX
] Olzc= - OoX
ol HER Col3= -36/ +28 ox
] Cold= -28/ 36 oX
-0.02-
: CO| |3 }condN SET (cm):
-0.04 =—— — Coll=-1.2/+1.2
-150 -100 . 5 Col2= -1.

Col3= -1.8/+1.4
= 0.04- _ Cold=-1.4/1.8
~ i rnma
< 0.02- P ty ‘

i SET (o, units):

0_ LER Col1=-28 /+35 ox
-0.02] <cbonda Col2= -35 ox
0.04° y Col3= +29 ox
=k 11 Col4=-25

150 2100 250 0 500 X
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HER IR losses (|s|< 2 m)

NO collimators = 1.1:10% Hz/bunch with collimators = 4.5-102 Hz/bunch

QF1 QD0 QDOQF1

4

v 6000 [ALLCHAN __ 0.1004E+07 400? | ALLCHAN 452.7
bt s|l< 2 m 300-
< 4000 |
% 3000 200 | Only downstream IP
& 2000 100
£ 1000- | ! |
Qﬁ O: T T ‘ 1| — - r ‘ O ‘ ' ‘ T ‘ ‘ I ‘ ‘ I T T ‘ ‘ ;
= ] K ' ‘ -4 9 0 2 4

) 2 a 2 ) P s )

= {with collimators=4.4-10° Hz/beam at full current
<5ur>ef3> # bunches 978




LER final collimators set

g, =2.4 nm
. . NO collimators
= 00 T HIOCIONeE IR losses = 6.5106 Hz/bunch
< 0.02%
0] with collimators
002 IR losses = 1.4 10 Hz/bunch
-0.04 ———"= —
4 g 0 2 4
R : | ALLCHAN  0.1450E+05
= 6000 IR losses [s|< 2 m
N |
L. 4000- careful study of secondaries
2 5000 into sub-detectors are needed
= : d | to design adequate shieldings
m 0 " T ' \ : | : ! ' i
= _4 5 0 3 4 (experience at DA®PNE)
with collimators= 1.37 10" Hz/beam at full current
O # bunches 978
SuperB,
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Touschek particle losses vs #machine turns
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e —

|dea is to use the same MonteCarlo approach as for Touschek
simulation by substituting the elastic/ inelastic differential cross-
section to the Touschek cross-section
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Beam-gas Coulomb scattering
P=1nTorr,Z=8

IR losses
LER T(8) | (Hz/bunch)
no collimators 1800 6.4-106

in IR losses

with vertical Collimators 1800 9.1-103 reduction

l a factor 1000

IR losses
HER T(8) | (Hz/bunch)
no collimators 7100 1.1-108

in IR losses
reduction

with  vertical Collimators| 7100 4.4-10%

l a factor 25

LER  Tintegratea™ 13 RY  vigry different results between integrated formula
HER Tintegratea™ 49 hr and Monte Carlo (differential cross-section)
‘SuperB’
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 VERTcALcOLUMATORS

SuperB
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Vertical Collimators upstream the IR

Intercept the Touschek particles
In the final focus upstream the IR
that otherwise would be lost at the QDO

Collimator jaw insertion = 0.9* phys. aperture(QD0) 60,/ Sapo

vertical half-physical aperture = 4cm

LER B,(QD0)=1490 m collimator opening=2.9 cm
B,(VCOL1, VCOL2)=996 m at full coupling=26 o,

l

With this value IR losses are reduced by a factor 1000
and NO lifetime reduction

@
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Reshaping of Beam pipe as collimators

A vertical beam pipe at the longitudinal position where the
vertical Collimator should be placed (V. Sextup.) could be
modeled by the same aperture needed to collimate particles

that would be lost at the QDO

------- A symmetrically

y shaped pipe is a
N better solution from
""" P wakefields and HOM
w ...... point of view instead of
collimators
y

...... Dedicated discussion
foreseen
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Coulomb beam-gas scattering LEeR vi2 lattice

X 1 O B \ ALLCHAN 0.3661E+08
Teoy = 1800 s ol
P=1nTorr,Z=8
Ibunch= 2.5 mA 6000
€, (IBS) = 2.4 nm ’
4000
(for 1 bunch at 2.5 mA) ’
Tot. Losses = 36.6 MHz AT
IR Losses = 6.4 MHz | ”
multiturn effect, as expected 0 2 4 6 8 10

Machine turns

/A m o

\Jﬁh\-/ B

<$u:er>B betatron oscillation excitation
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Coulomb scattering  Ler vi2iatiice

In the simulation cylindrical aperture,
vertical physical aperture= 4 cm

x 103 _
] ALLCHAN 0.6432E+07
30OOIosses(_Hz) éi
2500 |
f 0.02 ]
2000- 1
1500 0
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. 004
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e EEEE—
Coulomb scattering

LER vi2lattice

002
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All horizontal trajectories of Coulomb scattered particles
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LER Beam-gas Bremsstrahlung
P=1nTorr,Z=8

integrated formula  Tgems = 3.8:10°s = 107 hrs; tot. losses=175 kHz

MC with NTurn=1, 15, =3.8105s =107 hrs
no aperture check

MG with NTurn=10, ‘“Brems = 2:8:10°s =77 hrs

aperture check IR Losses = 600 Hz/bunch
tot losses= 233 kHz/bunch

loss rage(Hz)
o
S

. 15000
losses for exceeding

physical aperture
62% of total losses

these are losses not taken into account
with integrated cross section
(enters only the RF acceptance)

sL.:e,B %01 02 03 04 05 06 07
M. Boscolo, Isola d'Elba, May 31st 2011 DEE

> 10000

5000




EEH Beam-gas !remsslra"lung V12 lattice
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SuperB

Conclusions (1): Lifetime summary

HER | LER
o o TTou TTou
Touschek lifetime (i) (rmin)
No collimators, nominal €, (no IBS) 39.8 5.9
No collimators, &, with IBS 40.0 7.8
With Collimators, ¢, with IBS 33.2 6.6
Coulomb 2hrs | 30 min
Bremsstrahlung 83hrs | 77hrs
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‘SuperB’

Conclusions (2): IR rates summary

HER | LER
Touschek Hz/bunch | Hz/bunch
No collimators, €, with IBS 1.1-106 6.5106
With Collimators, ¢, with IBS 45-102 | 1.410%
No CoIIirr?ef’:loj:g,er with IBS atl=iB2 |- eml:
with couir(r:gtuolr?: with IBS S L
Bremsstrahlung 400 600

M. Boscolo, Isola d'Elba, May 31st 2011
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CDR and CDR2

CDR CDR2
Touschek lifetime [min] HER LER
Table 3-17. Touschek beam lifetime summary.
No collimators, ¢, including 40.0 7.8
Parameter set Luminosity Lifetime HEB Lifetime LEB | |Bg
(m~%s7") (min) (min) No collimators, nominal €, 39.8 5.9
Nominal 1.0 % 10% 38 5.5 (no IBS)
Upgrade 2.44 % 108 19 3 Optimal set of Collimators, 33.2 6.6
g, including IBS
Table 3-16. Nominal Super3 beam parameters.
HER LER V12 parameters HER LER
Beam Energy (GeV) 7 4 Beam Energy (GeV) 6.7 4.18
Bunch length (mm) G G Bunch length (mm) 5 5
Energy spread (%) 0.1 0.1 Nominal horizontal 1.97 1.80
Horiz. emittance (nm) 1.6 L6 emittance (nm)
Vertic. emittance (pm) 4 4 Horiz. emittance (nm) 2.00 2.46
Energy acceptance (% Ap/p) 1 1 including IBS
3, avg. (m) 10 10 Coupling (%) 0.25 0.25
3, ave, (1 22 22 )
%, avg. () Particles/bunch 5.08 X 10" | 6.56 X 1010
ppb 3.52 x 10" 6.16 = 10"




SuperB: Comparison between lifetime estimate from
formula and calculation from tracking (CDR lattice)

generated Touschek
particles per second 10"
all over the ring 1Ojg

Reference: 107
7(CDR)=330 s (Wienands) 109

A4

. . .. 10
assuming that particles wth +—+ ——

Ap/p|>1% are lost (like CDR): 0.03 -002 -001 0 001 0.02 %%3/p
P ]
1=308s loss 1 ey
. \08\ 1 turn oy

good agreement with CDR |
efficiency calculated from 0.4
tracking 0.2 >

1=200s 003 02 010 00l 002 003

tracked particles with Ap/p= 0.6%-0.8% are lost, with some efficiency.
s~ Ihese have very large weight, this induces difference in lifetime
"""/ estimation (Touschek function very non linear)




Partial insertion of
collimators

Col3 = 1.6,-1.8 cm
Col4 =-1.6, 1.8 cm

all Touschek 14 _ 125 1.2cm
particles -
450 <100 50 0 50
x 10
P B | ALLCHAN  0.1560E+08
@8000
S 6000-
< 4000
= :
2000 ] ‘
o rr 1 tau=2185 s (36.4min)
-150 -100 -50 0 50 (about 8% reduction)

s(m)

IR losses reduced a factor 100:
from 0.22e7Hz to 0.207e5Hz

1st 2011




‘SuperB’ |

{Bold: computed values) Base Line
|Parameter Units HER (e+) LER {e-)

LUMINOSITY cm® s’ 1.00E+36
|Energy Gel 6.7 4.18
|Circurmference m 126684
JH-Anale (full) mrad ala]

5. @ IP cm 20 3.2
s, @IP cm 0.0233 00205
|Coupling (high current) Y 025 025
|Emittance x (without IBS) hm 1487 1.82
|Emittance x (with |B:3) nm 2.00 246
|Emittance y pm 5 6.15
|Bunch length (zero current) mm 4 64 4.29
|Bunch length (full current) mm ] ]
|Bearn current mA 1892 2447
|Buckets distance # 2
|lon gap % 2
|RF frequency Hz 4 7RE+08
|Revolution frequency Hz 2 3BE+05
|Harmonic humber # 1998
|Number of bunches # 78
|N. Particle/bunch # 5.08E+10 6.56E+10

cx @ IP microns 7.211 8.872

oy @ IP microns 0.036 0.036

G @ IP microrad 2774 2773

oy @ IP microrad 140.6 173.2
:Piwinski angle rad 2288 18.60 |
| Oy effective microns 165.22 165.30

Xy microns 11.433

oy microns 0.050

3, effective microns 233.35
|Hourglass reduction factor 0.950

Tune shift x 0.0021 0.0033 |

Tune shifty 0.0870 0.0971

Longitudinal damping time msec 134 203 |

Energy Lossfturn MeV 211 08659

Present parameters Table

p)

Momenturm compaction
Energy spread (zero current)

|Energy spread (full current)
|SM energy spread

|Energy accegtance
|SR power loss

Touschel lifetime
Luminosity lifetime

|Total lifetime
RF Wall Plug Power (SR only)

Total RF Wall Plug Power

JdE/E
JdE/E
JdE/E
dE/E
MW
mih
min
min
MW
MW

4 56E-04
B.31E-04
B.A43E-04
5.00E-04
0.07
3.99
a5
4.81
4.23
12.22
17.08

4 05E-04
B.B3E-04
T.34E-04

0.01
212

16
6.23
4.48




Program Flow Touschek simulation

Beam parameters calculation

Optics check (betatron tunes, emittance,
synchrotron integrals, natural energy

(nonlinearities included) spread, bunch dimensions, optical
functions and Twiss parameters all

along the ring)

Calculation of Touschek energy spectra all along the ring averaging
Tousc. probability density function over 3 magnetic elements

Tracking of Touschek particles:
Start with transverse gaussian distribution and proper energy spectra every
3 elements: track over many turns or until they are lost

Estimation of IR and total Touschek particle losses
(rates and longitudinal position)

Estimation of Touschek lifetime
<s“"e'B> M. Boscolo, Isola d'Elba, May 31st 20711




Coulomb scattering

Mostly vertical losses

x 101 losses (Hz)
1500

1000-

500+
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Coulomb scattering

0.15

Scattering angle as a function of

0.1 the longitudinal position
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