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T o Studies based on to J.-P. Koutchouk’s note:
AN CERN-SL-2001-048-Bl [4], wire position

el @ longitudinal position = 104.93 m after IP1 and IP5 ' [2]

pos

@ transversal position = 9.5 ¢ [1]

Wire

Wi Weak beam

N

Strong beam

105 m

'with 8* = 0.55m, Bx,y ~ 1740m and Ay ~0.25°



@ Tested cases: Longitudinal positions
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@ Alternative longitudinal positions 2

T. Rijoff, F.

Zimmermann
o Test IP1 dist Bx By IP5 dist Bx By
nggltudmal n n n o o o
P Nominal 104.93 1738.14 1734.77 104.93 1738.14 1734.78 BEST
TCT -145.84 1581.02 635.83 -147.52 1574.90 602.24
Q5 198.89 105.92 503.04 198.89 105.92 503.04 WORST
Additional test
TCT OptS 1 -145.84 1581.02 635.83 149.53 563.15 1567.60
TCT OptS3 2 149.53 1574.90 602.26 -147.52 1574.90 602.24 MAYBE
D2 Q 5
TAN XRP1 JMBRC MOY[  XRP2 QUL XRP3

s | e

2see R. Steinhagen "LHC BBC - a first proposal’{5]



|@§i Tested cases: Transverse position and Current
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Tansuerse Transverse positions tested 2
pos an
current

@ wireat9.5¢
@ wireat11 o

3see R. Steinhagen "LHC BBC - a first proposal’{5]



Current calculation for 9.5 o
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Ul 9.5 o best current is given by :

Compensation

T. Rijoff, F. ncq N
Zimmermann IOPT ==
Ly

n = Long Range interactions # — 32

Tansverse c= Speedoflight -+ 3 -108m/s

current q = Proton charge — 1.602 -10~'°9C

N = # particles per opposite bunch — 1.15 - 10"

Ly = wire length — 1m

lopr = 176.8 A




Currentat 11 o
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T Ao Currents tested at 11 o

Ammermann @ best results: wire current like at 9.5 ¢ =
(lopr = 176.8 A)

UEVETEEE @ current value quadratically scaled [6] = [/ =237.0 A

pos and

current 1 1 2




Performed tests
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To analyse the different cases we performed the following
tests

Footprint analysis : 10000 particles tested , [00, 6.50] initial
distribution, 50.000 turns #

Toste Instabilities analysis : 902 particles tested, [0c, 100] initial

distribution, 300.000 turns.

Simulations made with bbtrack (Ulrich Dorda) [3]

“Modified gaussian (x,y) distribution — more particles in [4c,6.50] , for
more details see [33]



Stability Criterion
Q) sty
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bbtrack iterative process

T. Rijoff, F.

Ammermann @ two particles tracked (shifted and not shifted)
@ normalize their coordinates (3)

@ for each turni

e Calculate the 4d cartesian distance dj(/)
o Particle marked as unstable if

Stability M > K Inthetest: K =3
2ds(3)

Dynamical Radius, choise criterion

Last observed radius where stable particles count is higher
than unstable one.




Tune moved
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BRLCBE  Central tune moved back to the original value.
InIP 1

o lw Ly B
A __Tplwtw Px
Qx 2Tyqcd?

rolyw Ly B
AQ, — o tw bw By
Q 2Ty qcd?

Tune moved

Bu = f atwire position (u =x, y)
d = wire y-distance

in IP 5 reversed signs and d = wire x-distance (34)
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Square wire

Square wire

Simulated square wire (1mm side) = 4 point-like wires.

Example: Nominal Position Wire , 9.5 ¢

X pos y pos
m m
0.00000 -0.00888

( -0.0005 ,
( -0.0005 ,

-0.00888)
-0.00988)

( 0.0005 , -0.00888)
( 0.0005 , -0.00988)

X pos ¥y pos
m m
-0.00888 0.00000

(-0.00988, 0.0005)
(-0.00988, -0.0005)

( -0.00888, 0.0005 )
( -0.00888, -0.0005 )




Crossing angle 2/ 3
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Additional test:

Crossing angle set to 2 / 3 of nominal values

Affects
@ Wire position
@ Particles distribution (removed from test particles with

Crossing radius > 4o )
angle2/3



Test summary: Footprint
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Fractional footprint

2 head on (ipl and 5)

0.345

0.340

0.335

0.330
>
&
0.325
0.320
Tests 0315
summary ’
0330

0.310 0.315 0.320

6.4

5.6

4.8

© =
N o

initial radius (in sigma)

N
kS

0.8



Test summary: Footprint
© y: Foo
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HO Long Range

Test 9.5 o 176 A 11 o 176 A 11 o 237 A

Wire at 105

Tests
summary

Square wire (BBC)




|@§i Test summary: Footprint part 2
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9.5 o 176 A

T. Rijoff, F : ’ =
Zi \'HIT\I(JE"V}V'H ann = l | '

11 o 176 A 11 o 237 A

Ve Y % YR
= e
Al A | A

Wire at TCT

Wire at TCT Tune Moved

Wire at Q5

Tests = l =t =I
summary . J : . i
2 R I R

Wire at Q5 Tune Moved




|@§i Test summary: Footprint part 3
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Tests
summary

Test

9.5 0 176 A

11 o 176 A

Wire at TCT mod

7

Wire at TCT mod Tune Moved

: |
A

Wire at TCT mod 2

|
-

» |

I

=
ol
I

)\ .




|@§i Test summary: Footprint Crossing Angle 2/3 - 1
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Tests
summary

HO Long Range

Test

6.3 0 176 A

7.3 0 176 A

7.3 0 237 A

Wire at 105

/

5/

4

Wire at TCT




|@§i Test summary: Footprint Crossing Angle 2/3 - 2
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Test 6.3 o 176 A 7.3 0 176 A 7.3 0 237 A
’ JII | J ZIN | , /
/ / " /

Wire at TCT Tune moved back

Wire at TCT mod 2

Tests
summary



Test summary: Dynamical aperture

A

Wire
CemEEe Initial particles distribution - Turn of instability
2 head on (ipl and 5)
12 T T T T T
10+ ? 5o J
o
28588
o o3
EEEE
8 g a 8 i
a ol
a a a
= ol
- g o
[ a a a
T e 3Es8s ]
a
=1 og
8o0o0f
o goop
E gese
7 af cgges ]
2 89863
> a 8o
3828
dagbgo
g 15“33 pooooooo0oDOO0DOO00
o
2r & gEgnug:;:::;nununuuunouununnnnunnu B
2 ’g"“Duunnnunuunnuuuuuuuuuunnnnnnnnnnn
S ”g;‘nnnnnuunnnnnunuuuuunuuonuunounnu
Tests 808 4n000000000000E0000000000000000000Y
=u§nunnuunuunnuun o
summary ol o o |
da radius 10.00
-2 L L L L L
-2 0 2 4 6 8 10 12
X (sigma units)



Test summary: Dynamical aperture
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Test Inst Part optQ
o A o % o "

HO Long Range 8.50 30.7
Wire at 105 9.50 177 8.50 19.8
Square Wire at 105 9.50 177 9.00 16.4
Wire at 105 11 177 9.75 14.7
Square Wire at 105 11 177 9.25 18.4
Wire at 105 11 237 8.25 34.4
Square Wire at 105 11 237 9.50 14.9

Wire at TCT 9.5 177 8.25 30.8 7.75 33.8

Wire at TCT 11 177 8.75 24.6 8.50 28.4

Wire at TCT 11 237 8.50 26.5 8.50 28.2

Wire at Q5 9.5 177 5.75 52.5 7.00 43.5

Wire at Q5 11 177 7.50 35.9 8.25 30.0

Wire at Q5 11 237 7.00 45.6 7.75 37.9
Wire at TCT mod 9.5 177 7.00 43.1
Wire at TCT mod 11 177 8.50 27.9
Tests Wire at TCT mod 11 237 8.50 30.5
summary Wire at TCT mod 2 9.5 177 8.75 20.3
Wire at TCT mod 2 11 177 9.00 23.4
Wire at TCT mod 2 11 237 8.75 22.3




ssing Angle 2/ 3
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Test Wire Pos Curr R Inst Part R optQ Inst Part optQ
o A o % o %

HO Long Range 5.25 62.08

Wire at 105 6.33 177 5.25 35.03

Wire at 105 7.33 177 6.00 35.70

Wire at 105 7.33 237 6.00 30.16

Wire at TCT 6.33 177 2.50 37.92 4.00 33.92
Wire at TCT 7.33 177 4.75 38.69 5.00 38.69
Wire at TCT 7.33 237 3.00 46.45 4.75

Wire at TCT 2 6.33 177 5.50 31.37

Wire at TCT 2 7.33 177 5.50 41.46

Wire at TCT 2 7.33 237 5.75 36.14

Tests
summary



Wire at nominal position

Wire 9.50176.76 A 110 176.76 A

Compensatiol J— Fractonl fotrine
= °. =
2
ok
o
033%55 034%55 030" oo o3t o320
g
10] 240000 10
H E] H
2 4 120000 2 N 120000 &
Detailed o e o I
results daroius 830 saracus 0.75
< ara utet < hama uoee)




@ Wire at TCT, 11 o 176.76 A
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IP

1 IP 5
m m
s 26513.04 | 13181.77
from IP -145.84 -147.52
X pos 0.00000 -0.00979

y pos | -0.00622 | 0.00000
Bx 1581.02 | 1574.90
By 635.83 602.24

Dynamical Aperture

Detailed
results

Radius 8.75 o




@ Wire at TCT modified , 11 o 176.76 A
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IP 1 IP 5
m m
s 26513.04 | 13478.82

from IP -145.84 149.53
X pos 0.00000 -0.00585

y pos | -0.00622 | 0.00000
Bx 1581.02 | 563.15
By 635.83 | 1567.60

Dynamical Aperture

Detailed Radius 8.50 o

results




@ Wire at TCT modified 2, 11 o 176.76 A
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P 1 IP 5
. j * m m
: ’ s 149.73 | 13181.77
from IP | 149.73 | -147.52
x pos | 0.00000 | -0.00979
y pos | -0.00976 | 0.00000
By 559.44 | 1574.90
By 1566.89 | 602.24

Dynamical Aperture

Detailed | Radius 9.00 o
results L S LR




Wire at nominal position, 6.33 ¢ 176.76 A
Crossing Angle 2/ 3
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Fractional footprint
head on ip1 and ipS + 16 long range at each ho
+ wire 105 m after i at 6.3 sigma 176.76 A - angle 2/3

el PSRISES s tan: Jum ggrstobitty

SR P SR 8. LR10Rs g ol
o 1w Tos m aferip ot 653 sama 1766 A *angle 213
270000
.6 10
240000
32 8] 210000
N — | s E 180000 £
0.330| 3 £
7 3 z 150000 2
by 2 3 <
P 245 £ 4 H
0325 P : 2 120000 €
& - \ 203 2 90000
\ 3
0320 P \ 0000
\ ~ \ 163 o
el L \ 5 0000
- \‘ . da radius 5.25
} / \ S % F
o310{ | / \1 X (sigma units)
| \ 0.8
\ / \
0.305, |
| / \ 0.4

03¢y o5 0% 031

ol Ll L, Dynamical Aperture

Radius 5.25 o

Detailed
results
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Wire at nominal position, 7.33 ¢ 176.76 A

Crossing Angle 2/ 3

Iniial partcles istrbution - Tum of nstabilty
nea s PRSES etRytone e o
+ v 305 m aferp a 733 sigma 17676 A -angle 2/3
270000
10
240000
s 210000
5 180000 2
2 o 3
H 150000 &
g 4
B 120000 £
) 90000
50000
of Gaa50450800068000050050
30000
da radius 6.00
e e P
x (sigma units)

Dynamical Aperture

Radius 6.00 &

Fractional footprint
head on ip1 and ip5 + 16 long range at each ho
+wire 105 m after ip at 7.3 sigma 176.76 A - angle 2/3
0345 ——— T
H—

o340l ~
0335

0.330)

28

initial radius (in sigma)




Wire at TCT , 7.33 0 176.76 A
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Fractional footprint
+16 Ir at each ho + wir \nﬁﬂ’p?%&ﬁ\?ﬁﬁ\gw?mwn JJum of instability
longpos: 19162, 26513 - ansy os .39 59mo o 17676 A- angle 2/3) {5 pos: 13182, 26313 - transy os: 153 igma cur 176.76 A-anle 2.3
~ 270000
0.3a0] [~ / 5.6 10
— 9 240000
—~
9
0339 s 210000
3 180000 2
£ H
0330 5 ]
H 150000 2
5 5
g <
0328 A - 000§
/
3 N 90000
0320 60000
| o
y 30000
da radius 4.75
S 6 & 10
¥ (sigma units)
k
0305 |
03 o2 0% 03T 032 033 034

Ox

Radius 4.75 o

Detailed
results



@ Wire at TCT , 7.33 ¢ 176.76 A
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Central tune moved back

Fracuena\ footprint
(fong pos: 13102, 20913 rans pos: 739 igma cUr 176,76 4 - angle 23 with ot ”“"‘3 pos: 13162 203"t kot “"9‘”’3““‘" ot
10 0.340f 36
8 210000 0.335] 32
) 180000 2
H s 0330
5§ 5 £
g 4 s R4S
2 0000 5 o3
0320 H
60000 =
0 BHEa0aa0aaaoaanooaneoceseseenoosoncenooce | 63
30000 Um\ €
da radius 5.00 \ L
X (sigma units) 0310) \‘
J
‘
030| |
: |
Dynamical Aperture o]
.28
.

Detailed
results



A Wire at TCT mod 2, 7.33 0 176.76 A
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Fractional footprint
0ip1ipS + 16 I at each ho + wire
(long pos: 149.73, 13181.77 - transv pos: 7.33 sigma curr: 176.76 A) Injtal ‘aprsni\?gglus!(pabxf\%on* JLrn of instability
1o oo 10075 PASL 7Y s ot 198 TR
270000
0.340] 36 M
240000
3.2
0.335( 8 210000
20 g 1500002
0330 _ H ]
H H 150000 £
245 ) 5
0325 K = 120000 €
& 203 p 30000
3
0320 H o000
| o
I 30000
0315| da radius 5.50
} 1.2 =2 0 2 o 6 8 10 1
{ X (sigma units)
0310 |
| os
k
4
0305 |
o
03Qos

Detailed
results



Conclusions and Outlook:
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Wire compensation for the nominal LHC as been studied

@ The best compensation is achieved with a wire at
optimum location at 11 o

@ Wire at the 2nd modified TCT location also promises a
good performance

@ Changing the point like wire with a squared wire with
(side 1 mm) seems to gives better results

@ The results seem encouraging also changing the
crossing angle to 2/ 3 of nominal value

Conclusions
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I@?j Particle distribution for footprint analysis
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Footprint analysis tests are made modifying an initial
gaussian distribution in x and y to obtain more particles with
an initial radius between 4 and 6.5 ¢

Conclusions



Tune moved
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AQx = 271 yqcd?
_ o lwlw By
Aoy_zchdz (1)

r, = classical proton radius — 1.5 10~ '8m
~v = relativistic v — 7460.52

Iy = wire current

lw = wire length — 1m

By = [ atthe wire position (u = x, y)

d = wire y-distance

Conclusions



Normalized coordinates
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Conclusions
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