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1

COLLISION optics

1.1 Conditions for tracking

e version 6.5 at collision: Sixtrack with beam-beam

tune range (0.3 — 0.33) along a line parallel to the diagonal:
split Q, — @, = 0.01; step AR, = 0.0005

nominal beam-beam in ALL 3* cases; N, = 1.15 x 10'%;
10 turns

bb only — no triplet err. (no seeds: disregard “min”

Increase (5* and vary crossing angle
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1

COLLISION optics

1.2 Matching

match 3* and crossing angle a in IP1 and IP5 for both beams
removed IP offset
keep tune across each IR for each beam

max strengths as in db; kgx changed for 2m; antisymmetry

respected for kqgx,4,5,6
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1 COLLISION optics 13

1.3 What is shown:

section names = 3* [m], full crossing angle 2a: [mrad] and

sep. value d[o] as found from scaling: d = do - %
0)

0.55 0.285 d=9.4

Chaos border and Dynamic Aperture (DA) as functions of

unperturbed tune (), for 17 init. angles in x — y plane

separation plotted at all HO 4+ LR crossings in IR1 in units of

weak-beam sigma;

Luminosity L in units 103 (see next page) ;

footprint: from 0 to 60




1

COLLISION optics

1

L= 47rﬁ* N2k b fYF (v, %)107%;

Fla, 5%) = \/1+<0 —

« is half of the crossing angle in rad;

O* is beta at IP;

N, = 1.1510*, f =11245.5, k;, = 2835, e = 3.75107° /~
~v = 7000/0.938.

var
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1

COLLISION optics
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2.4 separation
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3 0.55m 0.285 d=9.4

3.1 Chaos

v600.50_0.1425 1 seeds; by angles

T l T T T T l T T T T l T T T T l T T T l T T

I

a}lllllllllllllllllllll

Vatid Ay

64.505 64.3510 64.315 64.520 64.525
Qx

_

el
U
O
<
I
O
£
&

6

o
N
&
o
e

lllllllll

1 UL
=4

lll\r\lllllllllllllllll

Wil |

64.305 64.3510 64.315 64.520 64.325 64.530
Qx get eps

7
=

- Min CHAQS [o]

AN O O N



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/CHmin-v65055_01425-BYANG2.eps

3 0.55m 0.285 d=9.4

3.2 DA;d=94

vb600.50_0.1425 1 seeds; by angles

T T T l T T

llllllllllllllllllllllll

T

T
X

llllllllllllllllllllllllllllllllll

64.315 64.320 64.325
QX

lllllllllllllllllllllllll

(NN NNwEN]

V?QZ/\%-&’L%QM\K
LN A

1 I 1 1 1 1 I 1 1 1 1 I o)
64.305 64.310 64.315 64.320 64.325 64.330

Qx get eps



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/DAmin-v65055_01425-BYANG2.eps

3 0.55m 0.285 d=9.4

3.3 foot

23


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/foot055_014252.eps

3 0.55m 0.285 d=9.4

3.4 separation

sep [SgMiyet=0.55 ang=0.1425 L=10.1321

12



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/sep055_014252.eps

3 0.55m 0.285 d=9.4

25



4 0.55m 0.4 d=13.2
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0.28 d=12.5 31

.1 Chaos

sTm1._0.14 1 seeds; by angles

T T T l T T T T l T T T T l T T

lillllllllllllllllll

_

el
U
O
<
I
O
£
&

6

A OO0 O N 00
e

Cidroraling

W\
' \x | Vil
A [T S WO TR TR NN TN SO SO M N A \K/\& L2 1\& / V/\‘\X“

64.305 64.310 64 315 64.320 64. 325 64.330

- Min CHAQS [o]

get eps


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/CHmin-s1m1_014-BYANG4.eps

Im

0.28

d=12.5

DA; d=12.5

sTm1._0.14 1 seeds; by angles

64.315 64.320
QX

64 325

64.330

angle

P

1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1

\

lllllllllllllﬂl[ Illllllllllll

\l

A /[
/AN NV <>

A_Llimliililllllllllllllllllll

—50
=55

—65

—80

0 64.3505 64.310 64.315 64.320
Qx

64.325

64.330

32


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/DAmin-s1m1_014-BYANG4.eps

Im 0.28 d=12.5

5.3 foot

327

326

329

324 -

>

A
S2S =

322

321

520 | | | | I l
310 2311 312 2313 314 .315 316 .31/

Yy get eps

33


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/foot1_0144.eps

5

Im

0.28 d=12.5 34

5.4 separation

Sep bet=1. ang=0.14 L=6.01737

—

—
N oD o N

\]

5
5
5
0
5
5
5



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/sep1_0144.eps

5

Im

0.28

d=12.5

0.32

35



Im 0.32 d=14.3

.1 Chaos

sTm1._0.16 1 seeds; by angles
H‘ T T T T T T T T I I v T T T
\/ :

1 lllllllllllll

\\

NPT 1

I 1 1 1 1 I 1 1 1 1 I

64.305 64 310 64.315 64.320 64.325 64.330

_

el
U
O
<
I
O
£
&

6

S US  I ) JRNC o o

angle

" 4 =50
\‘; —55

| 41\ ‘ ‘ \/ 1 —80
" Wl ) A
1 1 1 I 1 1 1 I 1 1 1 I 1 1 4 ! ! ) I | - —

300 64.305 64.3510 64.315 64.520 64.325 64.530
Qx get eps

- Min CHAQS [o]

AN O O N
Ll



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/CHmin-s1m1_016-BYANG5.eps

Im 0.32 d=14.3 37

6.2 DA; d=14.3

sTm1._0.16 1 seeds; by angles

/é///“\ \ T T l T T T T l T T T T l T
O\l A

/\

/l XTI AA 2

=5
—10

—20

POEA\

—35

llllllllllllllllllllllllllll

—45

64.315 64.320 64.325 64.330
angle

—50
=55

—65

\
1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 A !
64.305 64.310 64.315 64.320 64.325

Qx



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/DAmin-s1m1_016-BYANG5.eps

Im 0.32 d=14.3

6.3 foot

327

326

329

324 -

>

A
S2S =

322

321

520 | | | | I l
310 2311 312 2313 314 .315 316 .31/

Yy get eps

38


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/foot1_0165.eps

6

Im 0.32 d=14.3

6.4 separation

bet=1. ang=0.16 L=5.8515

39


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/sep1_0165.eps

6

Im

0.32

d=14.3

0.16

40



2m 0.16 d=10.1

7.1 Chaos

angles

T

T l T

—5
—10

—20

—35

—45

lllllllllllllllllllllll

64.315 64.520 64.525 4.330
Qx

_

el
U
O
<
I
O
£
&

6

S US  I ) JRNC o o

angle

—50
—55

—65

|lllllllllllll

1 —80

——

i

A
64.315 64.320 64.325
Qx

- Min CHAQS [o]

AN O O N
i



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/CHmin-s2m2_008-BYANG6.eps

2m 0.16 d=10.1

7.2 DA; d=10.1

sZ2m2._0.08 1 seeds; by angles

AN i

T T

T l T T

llllllllllllllllllllllllllllllllll

! ! l ! l !

64.305 64.310 64.315 64.520 64.325

llllllllr?{[[lé%éi;;;;]lllllll
c«\/‘ﬁ
4
<:: =
1

ﬁ;P{J
1 lllllllllllllllllllllllllllll

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
64.3505 64.310 64.315 64.320 64.325
Qx

o-
o)
B
N
O
o



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/DAmin-s2m2_008-BYANG6.eps

7/ 2m 0.16 d=10.1

7.3 foot



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/foot2_0086.eps

/

2m 0.16 d=10.1

7.4 separation

Sep bet=2. ang=0.08 L=3.27721

44


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/sep2_0086.eps

/

2m

0.16

d=10.1

45



2m 0.2 d=12.6

8.1 Chaos

sZ2m2._0.1 1 seeds; by angles

T T l T T T T l T T T T

lllllllllllllllllllll

I 1 1 I 1
64.310 64.315 64.330

_

el
U
O
<
I
O
£
&

6

S US  I ) JRNC o o

angle

—50
—55

- Min CHAQS [o]

AN O O N

64.315 64.520 64.3
QX



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/CHmin-s2m2_01-BYANG7.eps

2m

0.2 d=12.6

8.2 DA;d=12.6

sZmZ2._0.1 1 seeds;

by angles

®

T
B e

l ! ! l ! ! ! ! l ! !

llllllllllllllllllllllllllllllllll

}_

64.305 64.310 64.315 64.520 64.325

l:ll,l/}/llllllllllllllllllllllllllll

64.305 64.310 64.315

Qx

64.320 64.325

64 330

get eps



http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/DAmin-s2m2_01-BYANG7.eps

2m

0.2

d=12.6

48


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/foot2_017.eps

8

2m 0.2 d=12.6

8.4 separation

2509I0 bet=2. ang=0.1 L=3.24418

17.5

49


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/sep2_017.eps

8

2m

0.2

d=12.6

0.24

50



2m

0.24 d=15.1

9.1 Chaos

sZ2m2._0.12 1 seeds; by angles
T \l/\l/l T T T / T T T T T T T T I T T T

L oV o o by TS \:jqx\

64.3510 64.315 64.520 64.525 64.3530
Qx

T T T T l T T } T [ T T T T l T T T T l T T T T l T T T

IIWI 1 1 I 1 1

64.3505 64.510 64.315
QX

lllllllllllllllll

_

el
U
O
<
I
O
£
&

6

S US  I ) JRNC o o

angle

—50
—55

>
rrrr iy

- Min CHAQS [o]

51


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/CHmin-s2m2_012-BYANG8.eps

2m

0.24 d=15.1

9.2 DA; d=15.1

! ! ! ! I !

! l !

an

gl

€S

! l !

1

1

T

|

lllllllllllllllllllllllllllllll

64.305

1 1 l 1 1 1

64.310

1 I 1

1

1

64.315

1 I 1

1

1

64.520

lllllllilllllllllllllllllll

1
bl

)4

64.305

64.310

64.315
Qx

64.320

64.325

W
W
(@]

52


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/DAmin-s2m2_012-BYANG8.eps

2m 0.24 d=15.1

9.3 foot

327

326

329

324 -

>

A
S2S =

322

321

520 | | | | I l
310 2311 312 2313 314 .315 316 .31/

Yy get eps

53


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/foot2_0128.eps

9

2m

0.24

9.4

d=15.1

bet=2. ang=0.12 L=3.20513

separation

54


http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/sep2_0128.eps

9

2m

0.24 d=15.1

10 0.55m 0.285 d=9.4 (only long range)

59



10 0.55m 0.285 d=9.4 (only long range)
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10 0.55m 0.285 d=9.4 (only long range)

11 BB resonances cause two dips in DA:
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4/13 can be canceled by 7/2 phase diff. IP5-IP1

5/16 can not (because 16 is divisible by 4)




11 BB resonances cause two dips in DA:

12 Summary (collision)

e Even with these full head-on 4 long range collisions and
pessimistic (high) N, = 1.15 10! taking 3* > 1m already
gives DA =~ 8 — 10 o.

For example (1 m, 0.28 mrad) or (2 m, 0.2 mrad) — DA
~ 100.

If 3* > 0.55m, DA roughly obeys: DA ~ d

that's, except near resonances: The two dips persist in
; caused by BB. In theory, w/2 horiz.
phase between the two |IPs would cancel the left one, but

needs a tight constraint on phase: ~ 0.01 — 0.02




12 Summary (collision)

13 INJECTION optics
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13 INJECTION optics

13.1 Conditions for tracking and what is shown

e version 6.5 at 450 GeV; Sixtrack with beam-beam
e head-on only; Ny = 0.4 X 101'!; 60 seeds; 10° turns
e different optics settings: 6 m, 11 m, 17 m

e Chaos border and Dynamic Aperture (DA):

average (black) and minimum (red)
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13 INJECTION optics

14 Flags: (err,a2,a2¢,D1D2,BB)

All errors as in MG's 17m sample job (2006),
but for the 6 and 11 m |'ve switched off the D1-D4 x-alighment.

I've introduced some on/off flags:
e err high order field errors
a2
a2c coupling correction
D1D2 D1-D4 alignment and field err.

BB beam-beam
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14 Flags: (err,a2,a2c,D1D2,BB)

15 17m (1,1,1,1,0)
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15 17m (1,1,1,1,0)
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15 17m (1,1,1,1,0) 66

15.2 DA
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15 17m (1,1,1,1,0)

16 17m (1,1,1,1,1)
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16 17m (1,1,1,1,1) 68

16.1 Chaos

IhcVo.500.bb 60 seeds
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/17m11111-CHAOSeps4.eps

16 17m (1,1,1,1,1) 69

16.2 DA

IhcVo.500.bb 60 seeds
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/17m11111-DAeps4.eps

16 17m (1,1,1,1,1)
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i6m00001-DA-eps1.eps

6m (0,0,0,0,1)

17.2 Chaos

16m0O0001T O seeds
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i6m00001-CHAOS-eps1.eps

17 6m

(0,0,0,0,1)
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18 6m

(1,0,0,0,1)

18.1 DA
1i6mM10001 60 seeds
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get eps
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i6m10001-DA-eps2.eps

18 6m (1,0,0,0,1)

18.2 Chaos
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i6m10001-CHAOS-eps2.eps

18 6m

(1,0,0,0,1)
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19 6m (1,1,1,0,1)

19.1 Chaos

1EM11101 58 seeds
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i6m11101-CHAOS-eps3.eps

19 6m

(1,1,1,0,1)

19.2 DA
16M11101 58 seeds
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i6m11101-DA-eps3.eps

19 6m

(1,1,1,0,1)

20 1lm (1,1,1,0,1)

79



20 1I1m (1,1,1,0,1)

20.1 Chaos
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i11m11101-CHAOS-eps6.eps

20 1I1m (1,1,1,0,1)

20.2 DA
1TTM 11101 59 seeds
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http://www.triumf.ca/people/kaltchev/bb2WH/artMar8/i11m11101-DA-eps6.eps

20 1I1m (1,1,1,0,1)

21 Summary (450 GeV)

For HO collisions IP1+IP5, 10° turns, N, = 0.4 x 101, with §* =
17m, 6m, 11m.

e 5 =17m, min DA = 8 sigma

e With 6m and 11m “beam-beam only” causes no particle loss,
while with field err., corrected coupling and bb
(but no D1-D4 align.):
B* =6m — min DA = 7 o (near hor plane)
(and 10 o without the a2)
B*=1Im — min DA =100

e BOINC admin. s being moved to UK — causes delays at
the moment (CPSS and lxplus are available)
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	 COLLISION optics
	Conditions for tracking
	Matching
	What is shown:

	0.55m   0.2      d=6.6
	Chaos
	DA; d=6.6
	foot
	separation

	0.55m   0.285  d=9.4
	Chaos
	DA; d=9.4
	foot
	separation

	0.55m   0.4      d=13.2
	Chaos
	DA; d=13.2
	foot
	separation

	1m      0.28      d=12.5
	Chaos
	DA; d=12.5
	foot
	separation

	1m      0.32     d=14.3
	Chaos
	DA; d=14.3
	foot
	separation

	2m      0.16     d=10.1
	Chaos
	DA; d=10.1
	foot
	separation

	2m      0.2      d=12.6
	Chaos
	DA; d=12.6
	foot
	separation

	2m      0.24     d=15.1
	Chaos
	DA; d=15.1
	foot
	separation

	0.55m   0.285  d=9.4 (only long range)
	Chaos
	DA; d=9.4 (only long range)
	foot

	BB resonances cause two dips in DA: 
	Summary (collision)
	INJECTION optics
	Conditions for tracking and what is shown

	Flags: (err,a2,a2c,D1D2,BB)
	17m   (1,1,1,1,0)
	Chaos
	DA

	17m   (1,1,1,1,1)
	Chaos
	DA

	6m    (0,0,0,0,1)
	DA
	Chaos

	6m    (1,0,0,0,1)
	 DA
	 Chaos

	6m    (1,1,1,0,1)
	Chaos
	DA

	11m   (1,1,1,0,1)
	Chaos
	DA

	Summary (450 GeV)

