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Motivation:
« halo is depleted in collision in presence of strong long range beam-beam
effects

« wire mimics the long-range beam-beam force => show that halo can be
depleted while core stays unchanged.

Relevant questions for halo depletion:

 What is the effect of the wire/long-range beam-beam on tail particles and the
beam distribution?

* Does the wire/long-range beam-beam deplete the halo?

« If long-range beam-beam anyway depleted the halo, would we then acutally still
need further halo control?

Effect of wire on halo Second Workshop on Wire Experiment for Long Range Beam-Beam Compensation, Divonne, 20/03/2017



) Luminosity
e | HC

1L 1
with By + 1A, = Ho X —
2T 20

z = transverse position of test particle in respect to the beam centroid
Z, = distance between wire and beam
| = current of wire, L = length of wire

= for wire in the horizontal plane (z,=x, real) only normal multipole components
(A, = 0 for all k)

= wire drives only resonances with
p-Qs+q-Qy=n, ne€N with
peENg=0orpmod2=0,qg€N

[1] S. Fartoukh et al., Compensation of the long-range beam-beam interactions as a path towards new configurations for
the high luminosity LHC, PRSTAB 18, 121001 (2015)
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d,, = distance between wire and beam

— at injeciton wires on left and right can not be simply lumped together in one
interaction as the phase advance between the two wires is 1.4 11

= RDTs scale with ratio of the B-function r and the distance d,, [0] between wire
and beam

[1] S. Fartoukh et al., Compensation of the long-range beam-beam interactions as a path towards new configurations for
the high luminosity LHC, PRSTAB 18, 121001 (2015)
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Optics @ Injection
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djaw<->wire 3 mm
B, [m] 81.2 169.6
B, [m] 166.5 81.3
B, /B, 0.5 2.1
D, [m] -0.1 0.1
A (TCL.4L5,TCTPH.4R5) [r] e
Ap,(TCL.4L5,TCTPH.4RS) [n] '
d_ < [o]

jaw<->beam 5.7 6.9
for d,irecsbeam = 9-6 0 (€4=3.5 um)
djaw<->beam [mm] 6.5 93

for d =9.6 0 (ey=3.5 um)

wire<->beam

= larger effect for wire on left side
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Iire << 0= long — range beam — beam compensation
0.335 — ho=0A Li.=0A
no tune rematch,
0.330 | hio =0 A, Liire o= — 350 A, Ipe n =0 A,
dhv:-unt—'rjaw. L= 3. 7o
| no tune rematch.
0.325 B0 =0A L =0A, Ly x= —350 A,
II-_‘-Ihnv:-unt—'rji-'nvf'. L= 6. 85c
o~ 0320 no tune rematch,
_ huwo=0A L= —810A Li.r=0A,
ﬂ'315 | l_J-Ihn.\:-um.—'rji-'nvf'. L= 2. 7o
no tune rematch,
— hio=0A liwr=0A Ij.r= —350 A,
GB]'D B dhv:—unt—i—jaw. L= 4. 530
: : : : : no tune rematch,
0.305 oo TR e U PO 1l Thuo=—-330ATer=—350A Ly.r=0A
: _> IEft ere dom|nat|ng t-‘-Ihnﬂ:-nunu.—'rjanvr'.L =3.T0= dhv;-un-ﬁj;-tw.ﬁ
300 : ' i
0.260 0.255 0.2?0 D.Z'.-’S 0.280 0.285 0.290
Q.
same separation and current: | ;.. ¢ = l e, d(Wire,beam), = d(wire,beam),
same tune spread: | ;.. g = 4*1,i;e ., d(wire,beam), = d(wire,beam);
maximum current, minimal separation: I ;. g = lie ., d(jaw,beam) _[o]= d(jaw,beam); [o]
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033L . L SRR .................... ................... 1| Zwire < 0=-long — range beam — beam compensation
— o =0AT.=0A
— ho=4+10A.1,,.=0A

0.32 no tune rematch.
- hio =0 A, Lyire 1= — 350 A, Lo r =0 A,
dl':-vamﬁjaw. L= 5. 7o
< Luo=+10 A, Iyie.. = — 350 A, L r =0 A,
031 o dhv:—un ++jaw, L = D To
J———
no tune rematch,
— I["'IU =D ‘%". Iwi.l'l.". L= + 35{] ‘&1 I‘Pr'i.fl.". R = D 1‘%.._
0.30 dhv:-unﬁjaw. L= o To
I['A.IU - + ]-D :'EL._ Iwin‘-_[_, - + 35{:‘ :'31._ Iwim.ﬁ Z'D ;'-‘_L__
o til':-i.\:-unﬁj:-'n.v.-'. L= 5. 7o
s
0.29

0.270 0.275 0.280 0.285 0.290

Q-
negative current (same sign as for BBLR compensation)

positive current
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Code: Lifetrac

Optics: 2016 and 2017 injection optics (changes are marginal)
Beam: beam 2, Nb=1.1x10%, £,=3.5 pum

FMA analysis:

« turns tracked: 104

« (uadraticgridupto8 o

Long term tracking:

« distribution: uniform distribution in x and y within [-5.7,5.7] o

« turns tracked: 10°

* single aperture in IP3 @ 5.7 o (only betatron part) -> any diffusion above this
aperture doesn’t matter!

Notation:

* Separation dec.speam IS always given in terms of di, .« speam fOr the wire on the
left side. The right side is then set so that d,e<speam . [T ]= Ayire<sbeam r [0 ]-

« LEFT and RIGHT wire refer to the position from the IP: LEFT = TCL.4L5,
RIGHT = TCTPH.4R5
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=5.7 0 (djau-peamr =6-9 0 )2 Lyire =0 A, lire =350 A, |=0A

wire,L™ wire,R™ oct™

l,,ire<O, NO octupoles, wire R

WIRE RIGHT, d

jaw-beam,L

lhe.as00 12
QY 1 1 1 |c a? 7|

By lhc.as01_12

8.

* cleaning only in the
horizontal plane

* cleaning only for high
amplitudes

e also for the minimal
distance d;;,, peamp=2-7 0

the wire only cleans for
amplitudes above ~6.5 o

0.29

T
0.27 1] 0 4 a8

WIRE RIGHT, d.,,, yeam 1 =4-5 0 (djaypeamr =2-7 0 ): Lyire . =0 A, Lyire g=-350 A, 1,,=0A

lhe.as00_12
QY 1 1 1 1 | — 1 1 1 1
0.33 8.
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WIRE LEFT: I,;,,,=-350 A, Lo x=0 A, d\ oo =5.7 0, |,=0A
- ' , | 1he. as‘: 12 . . . Ay lhc.as01_12 i}

T
n o

WIRE LEFT+RIGHT: I, ;.= 350 A, |W,reR -350 A, d.

1 1 1 | ! 1 1 I BY 1hc.as()1_12
0.36]; _

8.
jaw-beam,L =5.7 O, Ioct=OA

e WIRE LEFT more efficient
than WIRE RIGHT

* cleaning only in the
horizontal plane

e on-momentum: clear
cleaning above ~6 ¢

e off-momentum: cleaning
downto~4 o

* adding wire on right appears
to decrease diffusion
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wire<0, 1. = +10 A, no wire, wire L ) Luminosy
NO WIRE: | =+10A

e S
] p_ ’
I]'290.25 ' ' ' ' ' ‘ S‘o" =

0.3

WIRE LEFT: I =-350A, |

wire,L

oy | IPc as00 %2
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wire,R™

—OA d

jaw-beam,L

lhe.as01_12

=5.7 g, | ,=+10A

LG . d5UV1L L.

resonances from octupoles
enhanced with wire

1Q,-4Q, resonances results in
cleaning also in vertical plane
on-momentum: clear cleaning
above ~6 0

off-momentum: cleaning
downto~4 o

lhe.as00_12
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=+10 A, wire R, wire L+R

/ /’"&“"‘x& L 5
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WIRE RIGHT: I,;,.,=0 A, | ,;;e g=-350 A, djaw_beam’,_ =5.7 o, | ,,=+10A
oy . l!hc.a?00_1|2 . ‘ .
oy *  WIRE RIGHT: small effect,
octupolar resonances are
'Y
v A . enhanced
*  WIRE LEFT+RIGHT: additional
- B i wire on right does not have a
??? considerable effect
L oA
0'30 2 ' % 0. ax
: NG:‘. 0. 0. 8.
WIRE LEFT+RIGHT: Iwire'L=-350 A, Iwire'R=-350 A, djaw_beam’l_ =5.7 0, | ,=+10A
Q| Lhe.ag00_12 lhe.as01_12 e S

0.2
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Injection optics
Injection tunes Q,=62.28, Q,=60.31

Q,’=Q,’=4
. =+10 A
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WIRE LEFT: 13,0, =+350 A, lire g=0 A, iy peam 1 =5-7 O, loq=0A
WIRE LEFT: |ere L—+350 A, |Wire k=0 A, diyy peamr =5.7 0, lo=+10A

e without octupoles cleaning
downto~6 0o

e with octupoles cleaning down
to small amplitudes in both
planes, even better than for
lwire<0O

e tune footprint collapses to
thin line with octupoles ->
beam stability?

0.36

bam Compensation, Divonne, 20/03/2017



e <O
Injection optics

QX!=Qy!=
I, =+10 A



=\
) Luminosity
‘ﬁ..-(f I_}i(:

<0, |, = +10 A, wire L

wire

Qx=.28,Qy=.31, WIRE LEFT: l,;;,¢,=-350 A, |,ire g=0 A, d..\y 1o, =5.7 O, lo=+10A

1 L | L i oy lhc.as00_12

0.3 Qx
T T T T T T T
n 2 n 2

Qx- 31,Qy=.32, WIRE LEFT: |

lhc.a?00_12
1 1

—OAd

lhc.a?01_12
_ 1

—350A| —57G,I

=+10A

lhc.a?00_12

wire, L™ wire,R™ jaw-beam,lL oct

0.35
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WIRE LEFT+RIGHT, d d I I

Ay lhc, as01_12 Ay lhe,as01_12

<0, |

=+10 A, wire L+R

wire oct

=+10A

jaw-beam,L = jaw—beam,R: wire,L= wire,R’ Ioct

 weak dependence on
current |,. .compared to
d

wire

wire<->beam

§ 10 1 -__::: ‘ d

wire

jaw-beam

=-175 A

» effect of wire rapidly
decreases with d i rec.speam
-> most likely have to use
minimal separation of
d =570

jaw<->beam

d
I

jaw-beam=9'35.5i?:jII =13 0

=-350A ||/

jaw-beam

wire

0. 0
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WIRE LEFT+RIGHT, d
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lhe,as01_12

wire

Second Workshop

<0, |

jaw-beam,L =
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=+10 A, wire L+R

I =-350 A, |

wire,R™

oct

d =5.70, | =+10A

lhc.as01_12

jaw-beam,R wire,L= oct

e smallimpact due to beta-
beat and non-linear
errors expected

e closed orbit distortions
are not taken into
account as collimator
alignment is considered
to be “good enough”.

Bx

8.

0. 0. 4
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Histograms for long term tracking
(10° turns)
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WIRE LEFT: 1,6, =-350 A, 1,0 s=0 A,
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d
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Histograms

Injection tunes (Q,=.28, Q =.31), |,;;. < 0

WIRE RIGHT: I ;e ;=0 A, 1 ire g=- 350 A,
diaw-beam,L =2-7 O, l,=+10A
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e
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d
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_— a.w[turr;lDDDD)
— ay(turn 10000) ; : : :
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ratio= V(turn 1000000) /v (turn 10000)

- V=ar— V=ay

Second Workshop

count

residual [%]

ratio

jaw-beam,L

Histograms

High
Y LHC

wire > 0

wire, L= -350 A' Iwire,R=O A'

=5.7 0, |, ,=+10A

-:_WlthX>450

ar(turn 10000)
ay(turn 10000)
ax(turn 1000000)
ay(turn 1000000)

ratio= v(turn 1000000) /v (turn 10000)

10! ! ! !

100 : - V=ar— V= ay :
10t L "
CENE 3 5 um ;

10'2 | 1 1

0 1 2 3 4 5
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lifetime [k

e @Gaussian distribution assumed for lifetime calculation. Lifetime obtained from uniform

Do = +10 AL Lyjre 1. =0 AL Ly = — 300 A,
‘-Ij-an\'.':—}lx'\.'nl.l = 5. ?1 QJ' =1. 281 Ql_l': 0.3

o =0 A, Ljjee .= — 390 ALz n =0 A,
dj;.\\':—}lxmlu =57, QJ' =0.285, Q._,-= 0.3

Do =0 AL Ly =300 A Lo p =0 AL
‘%;:w:—}lxmul =0T, QJ' =128, Q'_I': 0.3

Do = +10 A Lo . = — 300 AL Lgre n =0 A,
dj;.\\':—}lxmlu =a.7, QJ' =0.28, Q._,-= 0.31

fyo = +10 A Lyjre, 1. = 300 A Lz g =0 A,
‘%;:w:—}lxmul = . ?- QJ' =1. 23.. Q'_I': 0. 31

o= +10 A, Lige . = — 300 A, Ligre r =0 A,
‘—Ij-in\'.':—}lx'\.'uu = ?1 QJ' =0. 311 Ql_l': 0. 32

emittance [pm|

distribution in x and y.
* from 100 — 700 of 10 000 are lost -> still small statistics?
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Conclusions

« effect of wire on lifetime is small at injection even at minimal separation of
jaw<->beam = ©-7 0 and current of I, = 350 A

« effect of WIRE RIGHT is small compared to WIRE LEFT due to different ratio in beta
function

« wire contributes considerably to the tune spread
= tune spread generated by octupoles might be compensated by wire (e.g. thin line for
> 0)

Iwire

« without octupoles, wire cleans in horizontal plane (1/r potential)

» with octupoles, the effect of the wire on the tail particles depends on:
— the non-linearities present
— the working point

= effect of wire on tail particles depends strongly on machine configuration (mainly tune
and octupoles)

= wire does not necessarily deplete particles uniformly in x and y
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Crossing scheme

Calculation of d.

Jaw-beam:

1. use sigma of ideal beam optics to calculate the opening of the distance between
the beam and the jaw d,, peam

2. add the distance between collimator and wire with d,, e =3 MM
d d +d. =n o

beam-wire jaw-beam jaw-wire +3mm
3. calculate displacement of wire:
a. assume that collimator will be perfectly aligned around orbit -> calculate
orbit at wire at the end (after bb, error assignment, tune adjustement etc.)

b. assume that wire is at inner jaw between the two beams (see x-scheme)

Xwire,left= '(djaw—beam+ djaw—wire)-l-xclosed orbit
X = (d )+X

wire,right™ jaw—beam+ djaw—wire

col

closed orbit
ywire,left= yclosed orbit

ywire,right= yclosed orbit
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= : o O :
11— v ~6fle o BBWIRE 15.B2 [
e o IP5 : | ® ® BBWIRE R5.B2 |
e ® BBWIRE L5.B1 | ~8[+ « TCLAL5.B2 |
e ® BBWIRE R5.B1 | i - TCTPH.4R5.B2 |:
~400 200 0 200 400 500 00 400 200
s [m]

wire placed between both beams in H, on orbit in V:
BBWIRE_L5: x<0, y<0
BBWIRE_L5: x>0, y>0
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