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Introduction

 Have studied the possibility to move D02V1 to a new location DO2VO (further upstream) -> increase Coulomb

background significantly: slides

* New idea to explore: try to move DO6V1 or DO6V2 to D3 section -> D0O3V4 in the lattice

* Optics file: sler_1801_2024-07-01_08_55_59.842_SNAP_K1.sad

-/ =0.9mm, and fj, at NLC is still the old value before summer shutdown

 Higher background than ,B;k =1 mm
 NLC is not effective to reduce injection background

» Simulation config: LER: n,=1576, | = 1.2A, €, = 4.3 nm €, = 43 pm or larger

* Three configurations are compared for IR loss, loss at D02V1 and loss at D05V

* 1) open DO6V2 and DO3V4, 2) open D0O3V4 only, and 3) open DO6V2 only
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Collimator apertures are optimized with the nominal beam condition

LER: 77,=1576, 1 = 1.2A, ¢, = 4.3 nm ¢, = 43 pm

e Optimized settings with DO3V4 and DO6V2 open

NAME Difmm D2[mm D1[nSiama D2[nSigma dNul1/2pi
Eived —> PMDOGH3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO2H2 -8.80 8.80 02 .25 22 05 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO02H4 -6.50 6.50 -21.91 21.91 0.8180
IR | 135 | 135 | 6978 | 6978 | 02603 |73.56in1mm optics
PMDO6V1 -3.20 3.20 -59.43 59.43 0.2775
PMDO6V2 -20.00 20.00 -672.09 672.09 0.9178
PMDOSV1 -5.90 5.90 -446.65 446.65 0.55936  |54.33 sigma at SNAP.1
PMDO03V4 -20.00 20.00 -740.12 740.12 0.2676 /
PMDO2V1 -1.40 1.40 -58.70 58.70 0.2572

Open a collimator means setting its aperture to 20 mm

Skew sextupole magnet



Collimator apertures are optimized with the nominal beam condition

LER: 77,=1576, 1 = 1.2A, ¢, = 4.3 nm ¢, = 43 pm

* Optimized settings with DO3V4 open

NAME Difmm D2[mm D1[nSiama D2[nSigma dNul1/2pi
Eived —> PMDOGH3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO2H2 -8.80 8.80 02 .25 22 05 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO02H4 -6.50 6.50 -21.91 21.91 0.8180
IR | 135 | 135 | 6978 | 6978 | 02603 |73.56in1mm optics
PMDO6V1 -3.20 3.20 -59.43 59.43 0.2775
PMDO6V2 -2.10 2.10 -70.57 70.57 0.9178
PMDOSV1 -5.90 5.90 -446.65 446.65 0.55936  |54.33 sigma at SNAP.1
PMDO03V4 -20.00 20.00 -740.12 740.12 0.2676 /
PMDO2V1 -1.40 1.40 -58.70 58.70 0.2572

Open a collimator means setting its aperture to 20 mm

Skew sextupole magnet



Collimator apertures are optimized with the nominal beam condition

LER: 77,=1576, 1 = 1.2A, ¢, = 4.3 nm ¢, = 43 pm

* Optimized settings with DO6V2 open

NAME Difmm D2[mm D1[nSiama D2[nSigma dNul1/2pi
Eived —> PMDOGH3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO2H2 -8.80 8.80 02 .25 22 05 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO02H4 -6.50 6.50 -21.91 21.91 0.8180
IR | 135 | 135 | 6978 | 6978 | 02603 |73.56in1mm optics
PMDO6V1 -3.20 3.20 -59.43 59.43 0.2775
PMDO6V2 -20.00 20.00 -672.09 672.09 0.9178
PMDOSV1 -5.90 5.90 -446.65 446.65 0.55936  |54.33 sigma at SNAP.1
PMDO03V4 -1.70 1.70 -62.91 62.91 0.2676 /
PMDO2V1 -1.40 1.40 -58.70 58.70 0.2572

Open a collimator means setting its aperture to 20 mm

Skew sextupole magnet



Collimator apertures are optimized with the nominal beam condition

LER: 77,=1576, 1 = 1.2A, ¢, = 4.3 nm ¢, = 43 pm

* Optimized settings with DO6V2 open

NAME Difmm D2[mm D1InSigma D2[nSigma dNul1/2pi
Eived —> PMDOGH3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO02H2 -8.80 8.80 02 .25 22 25 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO02H4 -6.50 6.50 -21.91 21,91 0.8180
IR | 135 | 135 | 6978 | 6978 | 02603 |73.56in1mm optics
PMDO6V1 -3.20 3.20 -59.43 59.43 0.2775
PMDO6V2 -20.00 20.00 -672.09 672.09 0.9178
PMDOSV1 -5.90 5.90 -446.65 446.65 0.55936  |54.33 sigma at SNAP.1
PMDO03V4 -1.57 1.57 -58.10 58.10 0.2676 /
PMDO02V1 -1.50 1.50 -62.90 62.90 0.2572

Open a collimator means setting its aperture to 20 mm

Skew sextupole magnet



Comparing IR loss rate
Default DO3V4 head: 10 mm Titanium

* The best setting to reduce IR loss is the one with DO3V4 open (DO6V2 closed)

* open DO6VZ2 and close DO3V4 will increase Touschek loss at IR ‘

e 1.7 MHz -> 8 MHz, a factor of 4 ?

C: Coulomb B: Bremss. T: Touschek Higher stat.

C IR losses: 1rAC:kE:yAEYEN Wyl 1Y/ w« —> C IR losses: 1rAvrkyIEY N Wryl.11.7/
C lifetime: &:WTIXEEYENW-YIld [min] —> C lifetime: 4/WI:I:IEEYENMy/¥%]d [
B IR losses: 5.;7AZYAETEN-W-IYA:LIY) [MHZ] —> B IR losses: 5..7x{:l:EEYEN:N-yiyIA
B . lifetimes 1 : AL B lifetime: 19:I: N :LEEYERCN YKty [min] —> B lifetime: 10-kM«INEYERN KDL [
fI“IRﬂlpsses;,2.38686 +/- 0 2648§~l[MHz] —> T IR losses: MypiTLEEYEN NIyl [MHZ] ——>fTMIRylosses;‘8.90231 +/- 0. 6359““]
T lifetime: 1/A-LEI:IEYENCN-LXEIVIA [min] —> T lifetime: 1xP<iTYREYENMAIN [min] T lifetime: 1N :EYENN-IITALT:
Jtput/ana_20240701_opt2_openDO=i\ /i Z-4 74 ./output/ana_20240701_opt2_openDO:\'. Z-4_Z4_ LER ./output/ana_20240701_opt2_openDO:\'/_Z

open DO3V4 & DO6V?2 open DO3V4, close DO6V?2 close DO3V4, open DO6V?2
Current strategy in 2024c




Why increased Touschek loss by closing DO3V4?

Default DO3V4 head: 10 mm Titanium

* Comparing “openD03V4D06V2” with “openD06V2 only”

e Touschek IR loss IR:-4<s<4m
;’ 1 openDO6V?2 j

1.6 openD03V4DO06V2

1.4 | ’

o -
0o )

rate [MHz]
o (-] b
~ o o o

Closing DO3V4 -> more particles lost after 90 turns

O
N

o b oLt b oo

0 100 200 300 400 — 500
» Caused by tip scattering? nturn
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Why increased Touschek loss by closing DO3V4?

Default DO3V4 head: 10 mm Titanium

* Comparing “openD03V4D06V2” with “openD06V2 only”

08 —— _TouschekIRloss I.R:.'A.'<S<4m
| E openD0O6V2 ;
0.7F openDO3V4DO6V?2 -
0.6 | N :

P S: loss position Impact from NLC ?

£ ‘

= 04+ SS: scattering position

Q Z

© 0.3} :

= DO5V1 at 779 m
0.2 .
0.1} / i
0 .-_L_l___.a . l A A R L 1 A . ‘_‘-:.
4500 ~1000 1000 1500

. . !
» Caused by tip scattering? DO3V4 at 469 m



Comparing IR loss rates with different DO3V4 heads

Try DO3V4 head with 10 mm Titanium/Tantalum

Closing D3V4 reduces Coulomb IR loss
10 mm Tantalum

IR losses: 1My IAEYENC PV YAL)
lifetime: 4/IYXIEYEN-MYAVI:¥] [
IR losses: 5.:LkyZAEY RNkl yylA
lifetime: WEPLWEEEYERCH-IAN] [mi
FCIETETTERN2 . 14296 +/- 0.176812f)
RESCES T EHEIS. 9133 +/- 0.0879214%
utput/ana_20240701_opt2_openDO. 1 -

Using 10-mm Ta has no impact on Touschek .‘ loss |

* Using 10-mm Ti increases Touschek IR loss
Material effect (tlp-scattermg)

C: Coulomb B: Bremss. T: Touschek

C IR losses: 1:P<lyyAEYEN Wil /7%y, [MHZ] —=> C IR losses: 1rA:it:yaEyEN-WNxyll7A [MHZ] —> C IR losses: 1rA¥kyIEYEN:Wyi: 1.1
C lifetime: 4/ZTIAIETENCRTALXIA [min] —> C lifetime: 4:RUIXEEYENWN.Y1!) [min] C lifetime: A!NI:ULEEYEN-Ny V%S [
B IR losses 5.88194 +/- 0.01937348 1 ;4 . ——> B IR losses: 5.;78VyARJEMCN:-T1ATTY [MHZ] e B IR losses: 5.7kl IEJEM- N -rkvIT
38 _uin] - ——> B lifetime: 29:f:7 10 0 LRk [min] NIRRT STIPHINE93.15 +/- 3.03991HI1
—> T IR losses: WZI:LIARYAN-W-TIX.VYIA [MHz] Y s. 00231 +/- 0.635974}
—> T lifetime: 1<PEITIREYEN-WAL::I] [min] —> T lifetime: 1ML :-IETENN-1:F:TALT:
/output/ana_20240701_opt2_openDO:\/ ) Z-4_Z4_LER)] ./output/ana_20240701_opt2_openDO:) '/ _Z

o+ —|—| O

*f“iiféiimew”ia 0038 +/- 0. 0833924 'Imin]
Jtput/ana_20240701_opt2_openDO:\ [0l Z-4_Z4j) .

open DO3V4 & DO6V?2 open DO3V4, close DO6V2 close DO3V4, open DOGV?2
Current strategy in 2024c 10 mm Titanium
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Confirmation using ideal collimators

Remove tip-scattering and realistic modeling of ALL collimators

* |deal collimators w/o realistic structure: 100% collimation power and ellipse
aperture

 DO3V4 has almost no impact on Touschek IR loss and could reduce
Coulomb IR loss rate

C: Coulomb B: Bremss. T: Touschek

C IR losses: [MHz] ——> C IR losses:

C lifetime: 4 [min] ——> C lifetime: 4 [mi

B IR losses: 5.9 [MHZz] ——> B IR losses: 5.9

B lifetime: Il xSy REIEIR:- Pyl [min] == B e CE O4HN

iT IR losses: 1.:TCIEEYERCN-TEL]TYI{[MHZ] ——> T IR losses: 1.\yZk:REyE-N-1r].7]

T lifetime: 1M IYLRTEN-WIk¥y! [min] ——> T lifetime: 1 21 +/- ©. 069 |

'tput/ana_20240701_opt2_openDO _ _ . _ D ./output/ana_20240701_opt2_openDO
open DO3V4 & DO6V?2 open DO3V4, close DO6V2 close DO3V4, open DOGVZ2

T IR 2. [MHZz ] . ——> T IR 1 . L

T 1o [min] I nghel’ stat. I . T lifetine R

11



Conclusion of DO3V4 study for single-beam BG

D01 QO1H4poy4s, DO2H4 DOZH3 )

-

 DO3V4 effectively reduces Coulomb losses in the IR

//I
[ WD12v4
; ' D12H4 ISUKLUBA \\\

D12V3 | DO3HI N\, '\
D12H3 \
@ D12K2
D12V2

 DO3V4 reduces D0O2V1 losses -> fewer tip-scattered
particles from D02V1 reach the IR

, , \\
« DO3V4 can replace DO6V2 (similar IR protection
performance) I - T - LR
= Q < ® : Horizontal Collimator, KEKB HER(50x104) type oosw/m‘ g
+ Its Touschek IR loss rate (2.14MHz) is slightly higher i & e oo

than DO6V2(1.73 MHz), but within 2.2 standard
deviations ( statistical uncertainties about 0.19 MHz)

® : Horizontal Collimator, SuperKEKB LER(f90) type
® : Horizontal Collimator, SuperKEKB HER(f80x220) type
B : Vertical Collimator, SuperKEKB HER(f80x220) type

 High-Z material (e.g., Ta) is critical for the DO3V4 " )
head to prevent multi-turn beam losses from tip- ——
scattered particles in the IR.
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Study the potential of DO3V4 against SBL

Request: enlarge emittance and start tracking ~5 meters upstream of DO3V4

 Sudden beam loss (SBL) is treated as normal beam with enlarged vertical emittance

For example, defa Ite 400
* The element to start tracking is “MQF4P34” Xarmp Jitey X

7.67 m upstream of DO3V4 e, ~ 4.3 nm, €, 17 2 nm

MQF4P34 _ x10~> MQF4P34 x10~4 MQF4P34

157

1.0 i

0.5_‘_'

Px/P

—05f

-1.0 i

X [mm] | Y[an1]
Ranges are adjusted using median and quantiles to cover 68% of the distributions

« Simulate both beam core and halo with 20K particles x 200 files for €, > 0.86 pm

i3 only 20K particles x 1 file for € < 17.2 nm




Compare IR loss

IR loss Is dominated by particles from beam core

e “openD0O3V4” is the worst

» “closeD03V4” could reduce IR loss significantly

e 5-mm Ta is much better than 10-mm Ti

« NO IR loss for €, < 17.2 nm?

e Either the emittance is still too small to

generate IR loss,

e Or the statistics is too small to estimate the

low loss rate
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5 mm Ta for DO3V4

mask
B openDO3V4
mam closeD03V4

closeD03V4More

The loss rate (red/ ) here shouldn’t be O.
This can be an effect of the limited statistics.

|

I l A .

10 mm Ti for DO3V4

1047

mask
B openDO0O3V4
mm closeD03V4

closeD03V4More

¢, (default) X

Emittance (x,y) [m]




cI_oseDO3V4

Compare IR loss == < 1
IR loss is dominated by particles from beam core " m E 153303
e “closeD03V4” :
« DO3V4 aperture = 1.7 mm g :
» “closeD03V4More” o ccowbmuos
« DO3V4 aperture = 1.6 mm . é
* Better protection for the IR E

15 Emittance (x,y) [m]



Compare loss at DO2V1

IR loss Is dominated by particles from beam core

 DO2V1 protects the IR

e Large losses from the simulated “SBL”

e As expected:

e 3-mm Ta works better than 10-mm Ti

 Narrower apertures (if allowed) is

preferred
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10% —=——""—

» DO3V4 can protect DO2V1 when €, > 8.6 nm__ x—

b b
S S
% 3

DO2V1 Loss (beam core)
=)

3 mm Ta for DO3V4

1077 |

vvvvvvvvvvvvvvvvvvvvvvvvv

| I openDO3V4
. closeD03V4
i ~ closeD03V4More

10 mm Ti for DO3V4

, mask
[ B openDO3V4
. mmm closeD03V4

| i closeD03V4More

ﬁ ey(default) X

100
1026 ——rurrr_l—
N N \
Qq QQ 9® 4 o\
b:-,)O q;oe ,\f\? %60 /\f\?
o o A o A
s s & s &
N\g N\g \b:-b N\g \\>°’

Emittance (x,y) [m]



Compare loss at DO3V4

IR loss Is dominated by particles from beam core

e | oss rate at DO3V4 itself looks
reasonable too

 |[ncreased loss rate as a function of
material density and length

17

1.4

DO3V4 Loss (beam core)
S 2§

O
o

closeD03V4

=
o

O
oo
——

vvvvv

| materialAndL
- HEm Tab5.0
. = Ta3.0
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Conclusion of DO3V4 study for SBL

Simply treate SBL as a normal beam with enlarged vertical emittance

« Current statistics is probably still too small to check the loss rates for €, <
17.2 nm

e DO3V4 could reduce the loss rate at IR and D02V1
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Comparing loss rate at DO5V1

High loss rate at DO5V1 leads to high radiation level at OHO hall

* The current setting used in 2024c (open DO6V2 and no DO3V4) has a very high
loss rate at D05V

Closing DO6V2 (D03V4 open) can reduce it by 50% for beam-gas and 80% for
Touschek!

* Closing DO3V4 (D0O6V2 open) can only reduce Touschek loss by 50%

Ic IR HN2278.71 +/- 162. 275 [MHz] 1175.92 +/- 106.23101;F3 -——> C losses: r¥EINAETEREEEN -VIA [M
C lifetime: 4CB<IT-IIEYENEMNIY£:1d [min] C lifetime: 4: 4063 +/- 1. 6296 [m1n] —> C lifetime: 47T IL Kl [m
B losses: rA:I<EEYEN WL yilY [MHz] -—> B losses: [MHz] -—> B losses: IV IR W ki

B lifetime: 19: - yARIEE N-Eki:{:l5 [min] ——> B lifetime: 19=8 05 +/- 9 51382 [m1n] —> B lifetime: 19 kM/<EEYEN-BN-1:{¥/ [m

T losses: rEIWINILEEY <N -Y/A [MHZz] —> T losses: [ACN-yixREYENEY Ik [MHZ] ——> T G- EHN1085.13 +/- 73.2826Q1
T lifetime: 13.[XysBEYEN - WL1.[:I3YY [min] —> T lifetime: 13.:iYREYEM-W A1 [min] —> T lifetime: 13.:7AXAREYEN-W{.l:l:kk] [
Itput/ana_20240701_opt2_openDO: ‘i 7777 .3 ./output/ana_20240701_opt2_openDO:\'/ " 7Z777.3714_ ./output/ana_20240701_opt2_openDO: " _Z

open DO3V4 & DO6V?2 open DO3V4, close DO6V2 close DO3V4, open DOGV?2
Current strategy in 2024c 10 mm Titanium
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Comparing loss rate at DO2V1

Particle loss at DO2V1 could increase beam background at IR

* Not a surprise, using DO3V4 (open DO6V?2) gives us the lowest loss rate at D02V

* The current setting with DO6V2 open and no DO3V4 has the largest loss rate with
a factor 4-5 dominated by Touschek

* Closing DO6V2 without using DO3V4 is only 50% worse than using DO3V4

C losses: [MHZz] -——> C losses: [MHZz] -——> C losses:

C lifetime: 4 [min] ——> C lifetime: 4 [min] ——> C lifetime: 4 N
B losses: [MHZz] —-—-> B losses: [MHZ] ——> B losses:

B lifetime: 19 [min] ——> B lifetime: 19 [min] ——> B lifetime: 19 N
1T losses: [MHZz] ——> T losses: [MHZz] —> T losses: [ M|
T lifetime: 13. [min] ——> T lifetime: 13.%] [min] ——> T lifetime: 13.

I1tput/ana_20240701_opt2_openDO:i /2 783.83 ./output/ana_20240761_opt2_openD0 783.8344 7 ./output/ana_20240701_opt2_openDO

open DO3V4 & DO6V2 open DO3V4, close DO6V2 close DO3V4, open DOGV?2
Current strategy in 2024c 10 mm Titanium
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Conclusion |

« DO6V2 plays a unique role in controlling loss rates at IR, DO2V1 and
especially DO5V1

* Jo be confirmed with the collimator group

* The setting without using DO6V2 has significantly high loss rates at DO5V1
and D02V1 -> also contributes to high beam background in 2024c?

« With DO3V4, we can have the lowest loss rate at D02V1 and moderate loss
rates at DO5V1 and the IR.
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Study the potential of DO3V4 against SBL

Enlarge emittance and start tracking ~5 meters upstream of DO3V4

. . 1 J)
* The element to start tracking is “MQF4P34 Default emittance x 400
/.67 m upstream of DO3V4
. —MQF4rae - MoFaP34 x10%  MQF4p34
| | - | 1 40
I d 0.0010 440 > | :
: 140 ' : . j
1.0 | - . 435
05| . 0.0005 [ . 1 20
£ | a | a | 25
g oof E 0.0000 | E‘ 0f
> | 20 20 I 20
—05F . .
: ~0.0005 | -1t 15
| ~0.0010 | o ' ' . —27
15 _ 5
X [mm] X [mm] y [mm]

Ranges are adjusted using og calculated with quantiles

 New SAD scripts can specify collimator material and tip length for the study
Simulate both beam core and halo with 20K esarticles



Results below might be unreliable due to
the iIssue we found with enlarged emittance




Issue In the SBL study with enlarged emittance
Strange output from SAD ExternalMap

e Coordinates of lost particles are reset to O

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

0.006 |
0.004 |
0.002 |

0.000 | — —

DO3V4mon?2
DO3V4mon?2

~0.002 |

~0.004 |

.

_

—0.006 |
:

_

llllllllllllllllllllllllllllllllll

-0.015 —-0.010 —-0.005 0.000 0.005 0.010 —-0.002 -0.001 0.000 0.001 0.002
DO3V4monl DO3V4monl

* We still don’t fully understand this behavior. -> A feature in SAD?

* The two ExternalMaps are added before and after the collimator DO3V4 to monitor beam profiles only.

* In tip-scattering, we set collimator aperture to 7 mm first (first call of “beam2 = TrackParticles[beam1,destination,nbegin,nend]”)
* Lost particles are “revived” if they don’t hit the realistic collimator structure

« Call “TrackParticles[beam11,destination,nbegin,nend];” in a particle-by-particle manner, then update “beam2”
25



Check loss position from beam core in the full ring

Using emittance (4.3e-7 m, 4.3e-9 m) and 5 mm Ta for DO3V4
X100 larger than default

» Significant amount of particles are lost at DO2H1 and DO3H1
Their beta functions are larger than DO3V4

Loss position in the full ring
Sl sttt

10°° £ PMDO2H1 PMDO3H1

-

(-
N
(e

rate [MHz]

PMDO3V4-

et

o
N
~

-

-
N
(o))

e e ]
S [m]
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Check scattering position from beam core in the full ring

Using emittance (4.3e-7 m, 4.3e-9 m) and 5 mm Ta for DO3V4
X100 larger than default

o Scattering happens only at a specific element LZVQEAP.17
3.86 m upstream of DO3V4

14 x 1030 Scattering position of loss in the full ring
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Check loss position from beam core in the full ring

Using emittance (17.2e-7 m, 17.2e-9 m) and 5 mm Ta for DO3V4
x400 larger than default

» Significant amount of particles are lost at DO2H1 and DO3H1
Their beta functions are larger than DO3V4

Loss position in the full ring
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Check scattering position from beam core in the full ring

Using emittance (17.2e-7 m, 17.2e-9 m) and 5 mm Ta for DO3V4
x400 larger than default

o Scattering happens only at a specific element LZVQEAP.17
3.86 m upstream of DO3V4

10 x1031 Scattering position of loss in the full ring
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Check tip scattering from beam core in the full ring

Using emittance (17.2e-7 m, 17.2e-9 m) and 5 mm Ta for DO3V4
x400 larger than default

 |arge loss at DO2H1 vs a few particle loss at DO3V4
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Compare IR loss

Loss from beam halo

* No loss from Touschek and Bremsstrahlung

 “openDO03V4” is the worst case
e “closeD03V40penD0O6V1”
« DO3V4 aperture = 1.7 mm
e “closeD03V4o0penD0O6V1Mod”
 DO3V4 aperture = 1.6 mm

* The best among the three

! mask
| B closeD03V4openDO0O6V1

| I openDO3V4

NN
o
—T

IR Loss (Coulomb) [MHZ]
S S

-
o
——

r L A v

50 - mmm closeD03V4openD06V1Mod

5 mm Ta for DO3V4

10 mm Ti for DO3V4
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! mask
| B closeD03V4openDO06V1

L openDO3V4

IR Loss (Coulomb) [MHZ]
S
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Compare IR loss

Loss from beam core

 Small effect from D0O3V4 since DO2H1 is the main spoiler

x1'027 '10 mm Ti for D'03V4'

, mask

_ B closeD03V4openD06V1
- W= closeD03V4openD06V1Mod
 m openDO0O3V4
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Compare IR loss

Loss from beam core

* Results (using the same seed) are identical for 20 mm Ti, 2 mm Ta and 5 mm Ta

2 mm Ta for DO3V4 5 mm Ta for DO3V4

x10%7 x10%7
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Conclusion i

 SBL leads to huge radiation at the IR

o Simulated IR loss rates from beam halo with enlarged emittance (x 100-400)
are up to 5 x the nominal IR loss

* This doesn’t explain the observed high radiation during SBL
* Therefore we have to estimate the loss rates from beam core
* Loss from beam core
* Mainly originated at the element LZVQEAP.17 upstream of DO3V4
 Comparing to D02H1 and DO3H1, DO3V4 doesn’t help so much as a spoiler
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Previous study to compare D0O3V4 and DO6V1

* The problem: High particle loss at DO2V1 leads to high background (secondary particles) in IR

 Have studied the possibility to move D02V1 to a new location D0O2VO (further upstream) ->
increase Coulomb background significantly: slides

* New idea to explore: try to move DO6V1 to D3 section -> DO3V4 in the lattice
* Optics file: sler_1801_2024-07-01_08_55_59.842 _SNAP_K1.sad

-/ =0.9mm and f, at NLC is still the old value before summer shutdown

 Higher background than ,B;k =1 mm
 NLC is not effective to reduce injection background

» Simulation config: LER: 17,=1576, | = 1.2A, €, = 4.3 nm €, = 43 pm
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Collimator optimization with the nominal beam condition
LER: n,=1576, | = 1.2A, ¢, = 4.3 nm €, = 43 pm

* Collimator setting optimized with lifetime limit 100/14.5 min for Coulomb/Touschek

Proc = Coulomb, threshold = 100

Proc = Touschek, threshold = 14.5

1000 4 === lifetime threshold . - == |ifetime threshold
—— PMDO6V1 : —— PMDO6V1
PMDO6V?2 : PMDO6V?2
—— PMDO5V1 , 8000 { —— PMDO5V1
800 { —— PMDO3V4 : —— PMDO3V4
— PMDO2V1 : — PMDO2V1
— PMDO6H4 ; — PMDO6H4
PMDO3H1 | 6000 - PMDO3H1
= 600 —— PMDO2H1 | - — PMDO02H1
L PMDO2H2 | ¥ PMDO2H2
o —— PMDO2H4 : " —— PMDO2H4
wvi ' v
3 I 3 4000
< 400 : &
I
I
I
200 - ——‘_i 2000 N
/ :
L — !
e———— —
0 - 0 — —
0 20 60 80 100 0 2 4 6

Lifetime [min]

Loss-lifetime plots of all collimators
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Collimator optimization with the nominal beam condition
LER: n,=1576, | = 1.2A, ¢, = 4.3 nm €, = 43 pm

* Collimator setting optimized with lifetime limit 100/14.5 min for Coulomb/Touschek

Proc = Coulomb, threshold = 100

Proc = Touschek, threshold = 14.7

—
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Loss-lifetime plots of vertical collimators only
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DO3V4 is slightly worse than D02V1 for Touschek
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Collimator apertures are optimized with the nominal beam condition

LER: 77,=1576, 1 = 1.2A, ¢, = 4.3 nm ¢, = 43 pm

* Optimized settings with DO3V4 open

Fixed —>

NAME D1Imm D2Imm D1InSigma D2InSigma dNul1/2pi
_mr | 105 | 105 | 3453 | 3453 | 08734 _
PMDOG6HS3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO2H2 -8.80 8.80 -22.25 22.25 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO2H4 -6.50 6.50 -21.91 21.91 0.8180
PMDO0O6V1 -3.20 3.20 -59.43 59.43 0.2775
PMDO0O6V2 -2.10 2.10 -70.57 70.57 0.9178
PMDO0O5V1 -5.90 5.90 -446.65 446.65 0.5536
PMDO03V4 -20.00 20.00 -740.12 740.12 0.2676
PMDO2V1 -1.40 1.40 -58.70 58.70 0.2572

Open a collimator means setting its aperture to 20 mm

7/3.56 in Tmm optics

54.33 sigma at SNAP.1



Collimator apertures are optimized with the nominal beam condition

* Optimized settings with DO6V1 open

Fixed —3

NAME D1Imm D2Imm D1InSigma D2InSigma dNul1/2pi
_mr | 105 | 105 | 3453 | 3453 | 08734 _
PMDOG6HS3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO2H2 -8.80 8.80 -22.25 22.25 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO2H4 -6.50 6.50 -21.91 21.91 0.8180
PMDO0O6V1 -20.00 20.00 -371.42 371.42 0.2775
PMDO0O6V2 -2.10 2.10 -70.57 70.57 0.9178
PMDO0O5V1 -5.90 5.90 -446.65 446.65 0.5536
PMDO03V4 -1.70 1.70 -62.91 62.91 0.2676
PMDO2V1 -1.40 1.40 -58.70 58.70 0.2572

7/3.56 in Tmm optics

54.33 sigma at SNAP.1

Closed DO3V4 (630) is wider than closed DO6V1 (600) for the same optimization procedure!



Collimator apertures are optimized with the nominal beam condition

* Optimized settings with DO6V1 open and close D0O3V4 a bit more

NAME D1Imm D2Imm D1InSigma D2InSigma dNul1/2pi
_mr | 105 | 105 | 3453 | 3453 | 08734 _
PMDOG6HS3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -8.60 8.60 -26.62 26.62 0.2983
PMDO3H1 -10.80 10.80 -30.58 30.58 0.0293
PMDO2H1 -5.80 5.80 -19.35 19.35 0.8478
PMDO2H2 -8.80 8.80 -22.25 22.25 0.3274
PMDO2H3 -14.30 14.30 -30.59 30.59 0.0610
PMDO2H4 -6.50 6.50 -21.91 21.91 0.8180
PMDO0O6V1 -20.00 20.00 -371.42 371.42 0.2775
PMDO0O6V2 -2.10 2.10 -70.57 70.57 0.9178
PMDO0O5V1 -5.90 5.90 -446.65 446.65 0.5536
PMDO03V4 -1.60 1.60 -59.21 59.21 0.2676
PMDO2V1 -1.40 1.40 -58.70 58.70 0.2572

In this modified setting, we set DO3V4 ap%rture to around 60 o as the closed D06V




Estimated loss rates and lifetime

LER: 77,=1576, 1 = 1.2A, ¢, = 4.3 nm ¢, = 43 pm

e Loss rate at IR and beam lifetime

Process close DO6V1 open DO3V4 close DO3V4 open DO6V1 close D03I;Ig J\‘;:ther open
Coulomb IR loss [MHZz] 12.0187 +/- 0.432954 10.1228 +/- 0.22947 9.13645 +/- 0.207077
Coulomb lifetime [min] 48.4063 +/- 1.6296 46.4772 +/- 1.58268 45.9947 +/- 1.58498
Breams. IR loss [MHZz] 5.97947 +/- 0.0648969 6.02995 +/- 0.0736908 5.9199 +/- 0.0682673
Breams. Lifetime [min] 1988.05 +/- 9.51382 1983.23 +/- 9.81471 2002.02 +/- 8.58048
Touschek IR loss [MHZ] 1.72895 +/- 0.0640224 6.53484 +/- 1.70379 10.2728 +/- 2.16611
Touschek lifetime [min] 13.3561 +/- 0.21005 13.4573 +/- 0.209744 13.7464 +/- 0.214604

| Similar loss to the §
} optimization for the %

o  fJmmopties |



Estimated loss rates and lifetime

LER: n,=1576, | = 1.2A, ¢, = 4.3 nm €, = 43 pm

e Loss rate at DO2V1

Coulomb loss [MHZ] 489.945 +/- 44.6693 295.102 +/- 12.9661 382.669 +/- 28.6157
Breams. loss [MHZ] 2.62282 +/- 0.183171 2.06858 +/- 0.231854 1.56108 +/- 0.10251
Touschek loss [MHZ] 1538.91 +/- 125.032 404.622 +/- 39.1139 401.8 +/- 39.0957

 DO3V4 can suppress particle loss at D02V
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Try to keep higher beam lifetime

Collimators are wider than the optimal settings shown above

e Loss rate at IR and beam lifetime

Process

close DO6V1 open DO3V4

close DO3V4 open DO6V1

close D0O3V4 further open
DO6V1

Coulomb IR loss [MHZ]

53.7492 +/- 4.20636

77.3037 +/- 7.89639

Coulomb lifetime [min]

50.7459 +/- 1.52973

50.6998 +/- 1.65693

Breams. IR loss [MHZz]

7.42329 +/- 0.230561

6.15258 +/- 0.0933569

Breams. Lifetime [min]

1998.97 +/- 8.78559

2003.67 +/- 9.16813

Touschek IR loss [MHZ]

1133.79 +/- 94.7846

78.1707 +/- 12.115

Touschek lifetime [min]

14.4581 +/- 0.244941

14.6128 +/- 0.221147

Background rates are probably too high with higher beam lifetime
DO3V4 works better than DO6V1 in this case
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Summary

 DO3V4 could reduce particle loss at DO2V1 significantly with relative large
apertures (62.90)

e However it seems DO6V1 can reduce IR loss rate further with a smaller
apertures (59.40)

 DO3V4 (10 mm Ti) at this aperture doesn’t help so much
o Scripts for SBL study are ready

* Preliminary results showed that DO3V4 could stop some beam particles,
but it seems the IR loss rate is still very high for large emittance
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