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Quantification of the BBLR problem

HL-LHC_ V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.315,60.320) ; £=(15,15) ;
£,=2.5[um]; B =15[cm];lo=-300 [A]; i";: 250 [prad] ; Np=1.2 x 101!
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Large DA (lifetime) degradation, at least 30, in the presence of the
beam-beam long range interaction.
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Treatment of the perturbation generated by the
BBLR interactions (I)

The integrated electromagnetic field (4D) that is generated by the BBLR encounters
(assuming a round beam ox=agy) is given by:
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Treatment of the perturbation generated by the
BBLR interactions (Il)

PHYSICAL REVIEW SPECIAL TOPICS—ACCELERATORS AND BEAMS 18, 121001 (2015)

4
Compensation of the long-range beam-beam interactions as a path towards S . Farto u kh et al .
new configurations for the high luminosity LHC

The wire is calibrated to compensate the non-linear RDT that are driven by the long-
range beam-beam interactions.
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Treatment of the perturbation generated by the
BBLR interactions (Il)

PHYSICAL REVIEW SPECIAL TOPICS—ACCELERATORS AND BEAMS 18, 121001 (2015)

¥ S. Fartoukh et al.

Compensation of the long-range beam-beam interactions as a path towards
new configurations for the high luminosity LHC

The wire is calibrated to compensate the non-linear RDT that are driven by the long-
range beam-beam interactions.

\WP fretrtetteet W
195 m 195 m wire
Wire Weak beam

'\‘}/lllllllllll Strong beam

—~ 25.0 2 . . . . . . 155 o
ﬁc' 22_5_- ﬁx B" ]..ly M'\V — 5.2 i%
= 20.0 15 —fi
E s ] — 15.0 §
B 15.0 IR
=y ] ; g - 74.8
12.5 5 - : '
IPS5L: Bx/By =2 ., "7 |PSR: Bx/By=0.
] L 74.6
IP1L: Bx/By = 2 IP1R: Bx/By=0
L 74.3

itober 18, 2018

i , (CERN%g
HL-!F% PHGJ_ECTI \



Configuration for the simulated machine

HL-LHC v1.3 configuration table

7000 [GeV]

Normalized emittance €n 2.5 [um rad]

Vertical tune Qy 60.32 [1]

Vertical chromaticity gy 15 [1]

Half crossing angle at IP1 & IP5 /2 230 or 250 [urad]

Wires longitudinal position from the IP Sw +/- 195 [m]

Number of wires per IP per side Nw 1[1]
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Configuration for the simulated machine

HL-LHC v1.3 configuration table

7000 [GeV]

Normalized emittance €n 2.5 [um rad]

Vertical tune Qy 60.32 [1]

Vertical chromaticity gy 15 [1]

Half crossing angle at IP1 & IP5 /2 230 or 250 [urad]

Wires longitudinal position from the IP Sw +/- 195 [m]

Number of wires per IP per side Nw 1[1]

To find the best BBLR compensation for different lattice configurations, a set of DA
scans for different wire currents (Ilw) and wire transverse positions (D) are
performed.
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Tune spread compensation

Lattice tunes Half crossing angle Normalized crossing angle

62.315:60.32 1.20E11 250 [prad] 10.5 [0] ~5x10% [cm-2s-1]

HL-LHC_V1.3; Q = (62.315,60.320) ; £ = (15,15) ; &, =2.5 [um] ;
B =15 [cm];lo=0[A]; "’zﬁ= 250 [urad] ; N, =1.2 x 101

0.324

Resonance lines

—m— HO:NO; LR:15; WC:NO Small tune Spread IS

—— HO:NO; LR:15; WC:15 /

—8— HO:NO; LR:NO; WC:NO ger_]erated from the
lattice sextupoles.
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Tune spread compensation

Lattice tunes Half crossing angle Normalized crossing angle

62.315:60.32 1.20E11 250 [prad] 10.5 [0] ~5x10% [cm-2s-1]

HL-LHC_V1.3; Q = (62.315,60.320) ; £ = (15,15) ; &, =2.5 [um] ;
B =15 [cm];lo=0[A]; ‘f’zﬁ= 250 [urad] ; N, =1.2 x 101

0.324
Resonance lines _
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0.318 range beam beam
interactions.
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Tune spread compensation

Lattice tunes Half crossing angle Normalized crossing angle

62.315:60.32 1.20E11 250 [prad] 10.5 [0] ~5x10% [cm-2s-1]

HL-LHC_V1.3; Q = (62.315,60.320) ; £ = (15,15) ; &, =2.5 [um] ;
B =15 [cm];lo=0[A]; "’zﬁ= 250 [urad] ; N, =1.2 x 101

0.324
Resonance lines _
—m— HO:NO; LR:15; WC:NO Small tune Spread IS
—4— HO:NO; LR:15; WC:15 /
0.3221 —e— HO:NO; LR:NO; WC:NO ger_]erated from the
lattice sextupoles.
— Destructive tune spread
0.3201 : N
S (wings formation) is
generated from the long
0.318 range beam beam
\ interactions.
0.316 Using the wires the tune
' spread from the BBLR can

0.312 0.314 0.316 0.318 be compensated (wings
Qx compression).




Nominal scenario

For the nominal scenario (round optics) with the optimized tune (62.315,60.32) the
min DA is slightly above 60.

In order to demonstrate the advantages of using the wire, a non-optimized tune is
used (62.31,60.32).

I CERN
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Nominal scenario

Lattice tunes Half crossing angle Normalized crossing angle

62.31; 60.32  1.20x10% 250 [urad] 10.5 [o] ~5x1034 [cm-?s-1]

HL-LHC V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.310,60.320) ; £ =(15,15);
£,=2.5[um]; B =15 [cm]; o =-300 [A]; ¢2£= 250 [prad] ; Ny =1.2el1 2 W| re Conflguratlons (IW & D)
can guarantee 1.90 higher min

DA (from below 60 to > 7.50)

P  min(DA;,,_ -o): 5.65 [0o]
— min(DA) [o]

Separate areas with different bin
I

2 cases with fully acceptable
wire current (Iw<200Am) at large

& wire transverse distance
5 (D>100) that improve the min
£ DA by 1.80.
Q
<]
100
50
0 / -3
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D[mm]
5.6 7.6 8.9 9.4 99104 11.6 13.6
D[O'wireRl]
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Nominal scenario

Lattice tunes Half crossing angle Normalized crossing angle

62.31; 60.32  1.2x104 250 [urad] 10.5 [o] 4.8x103%4 [cm-2s-1]

HL-LHC V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.310,60.320) ; £ =(15,15);
£,=2.5[um]; B =15 [cm]; o =-300 [A]; ¢2£= 250 [prad] ; Ny =1.2el1 2 W| re Conflguratlons (IW & D)
can guarantee 1.90 higher min

DA (from below 60 to > 7.50)

P  min(DA;,,_ -o): 5.65 [0o]
— min(DA) [o]

Separate areas with different bin
I

2 cases with fully acceptable
wire current (Iw<200Am) at large
wire transverse distance
(D>100) that improve the min
DA by 1.80.

HL-LHC _ATS2018; Q =(62.31,60.32) ; £=(15,15) ; £, =2.5 [um] ;

A DAmfn labeam]

B =15[cm] ; lo=0[Al; ¢2£= 250 [prad] ; N, =1.2 x 101
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Nominal scenario

A single value that describe the min DA and corresponds to a single trajectory in the
phase space is not enough to describe the effect of the wire on the different particles
(different phase space trajectories). Thus, a more detailed DA analysis is performed.

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.310,60.320) ; £ =(15,15);
€,=2.5[uml; B"=15[cm];lo=-300 [A]; ¢2£= 250 [urad] ; N, = 1.2ell

— HO: 15; LR: 15; WC: NO

The number of the scanned

angles is increased to 29. -
[

The area with the worst DAs g
(effective area) is further B
analysed. =

5 >
Using a step of 3°, the worst 4 ' §
DA without wire (black line) is &
located between the angles AV
36°- 57°. 2 e

\ "“3 \

~7 X [Opeam]



Nominal scenario

Between 36° and 57° where the largest DA degradation occurred there are wire
configurations that improve the average DA (effective mean DA) by 2.40.

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.310,60.320) ; £ =(15,15);
£,=2.5[uml; B =15I[cml; lp=-300 [A]; ¢2£= 250 [urad] ; Np=1.2ell

- b 36°56,4s57° Fully acceptable wire current
p eff.mean(DA,,.-0): 6.2 [O] .
— o (Iw<200Am) at large wire
Separate areas with different bin transverse d IStance

300
(D>100) that increase the

effective mean DA by 2.20.
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A DAeff. mean [Gbeam]
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Nominal scenario

By plotting only the wire configurations with positive effective mean DA the
beneficial effect of the wire (blue curve with rhombus) is clear.

A more detailed analysis of the strongest resonances vs angle is needed.

Smoothed using

Without smoothing Gaussian weighted average
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Ultimate scenario

Lattice tunes Half crossing angle Normalized crossing angle

62.315; 60.32 1.52x10%1 250 [urad] 10.5 [o] 7.7x103%* [cm2s]

HL-LHC V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.315,60.320) ; £ = (15,15) ;
€,=2.5[um]; B"=15[cm];lo=-300 [A]; ¢2£= 250 [urad] ; N, =1.52el1l

» min(DA,,.-0): 5.13 [o]
— min(DA) [o]
Separate areas with different bin

A large set of wire configurations
with D2100 guarantees more
than 1.50 improvement of the
min DA

o

The best improvement from
these configurations is 1.80
(from 50 to almost 70)
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Ultimate scenario

HL-LHC_ V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15; Q =(62.315,60.320) ; £ =(15,15) ;

£0=2.5 [uml; B"=15 [cm] ; lo=-300 [A]; %5 =250 [wrad] ; N = 1.52e11 There is a large number of wire
configurations with D210c that
guarantees more than 2o

iImprovement of the effective

P 27°=8.5=72°
p eff.mean(DA,,,.=o): 6.0 [d]

mmmm Min(DAg <27¢,6 > 72¢) < min(DA,,. o)
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Tune scans for Nominal and Ultimate scenario

By N. Karastathis
No wire With wire

Min DA HL-LHC v1.3, IP1/5, p’=15cm, Ny = 1.2x10%" ppb Min DA HL-LHC v1.3, IP1/5, B*=15cm, Ny = 1.2x10! ppb
$/2=250urad, £=2.5um, Q =15, luo=-300A $/2=250prad, e=2.5um, Q'=15, lyo=-300A

9

60.330 60.330
8

60.325 60.325
7

60.320 60.320

With the use of the wire
compensators, the area

T
> —
@ 60.315 § g3l

Nominal

I of the good working
e tunes is increased.

62.300 62.304 62308 62.312 ‘6)2.316 62,320 62.324 62.328 62.300 62.305 62.310 62.315 62320  62.325 62.330
e
Qx

Min DA HL-LHC v1.3, IP1/5, p"=15¢m, N, = 1.52x10%! ppb MIn DA HL-LHC V1.3, IP1/5, B =15Ccm, Np = 1.52X10** ppb

#/2=250prad, £=2.5um, Q'=15, luo=-300A $/2=250prad, £=2.5um, Q'=15, Iuo=-300A A new Working tune

T e (green stars) can
IS further improve the
T s already positive
performances of the
wire (even further awa
of the diagonal)

T
6% & 60315
=]

Ultimate

5 60.310

60.305
4
I 60 300.
3

62.300 62.305 62.310 62.315 62.320 62.325 62.330
Qx

62.300 62.304

Qy
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Pushed nominal scenario

1.2x101 230 [prad]

62.315 ; 60.32
ven with the octupoles at -300 [A]
over-compensation) there are many
'wire configurations with D2100 that
‘guarantee min DA greater than 6o

' (good lifetime).

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.315, 60.320) ; £ =(15,15) ;
e,=2.5[um]; B =15 [cm];lo=-300[A]; ¢2£=230 [urad] ; Ny =1.2ell

V.

L]
»  min(DA,,,.-o): 4.98 [0]
= min(DA) [o]
Separate areas with different bin

0
E
- Q
<
100

7 8
D [mm]

8.1 8.6 9.1 9.6 10.9 12.9
D[awireRll

4.9 6.9

Lattice tunes Half crossing angle Normalized crossing angle

9.7 [o] 5.2x103%* [cm2s]

There are many wire configurations with
D210c that guarantee more than 2o
improvement of the min DA.

The best improvement from these
configurations is 2.40 (from 5 to 7.50)

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IP15 ;
£,=2.5[uml; B =15 [cm];lo=0I[AN;

/

E

’ min(DA,m:g): 51
min(DA) [a]
Separate areas with different bin

_ 3 0%
E ke)
< S,
2 £
~ 150 13
|
100
50
0
5 () 7 8 9 10
D [mm]
4.9 6.9 8.1 8.6 9.1 9.6 10.9 12.9
D [awire R1]



Pushed nominal scenario

of the effective mean DA.

configurations is 2.40.

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IP153Q=(62.315, 60.320) ; £ = (15,15);
e,=2.5[um]; B =15 [cm];lp=-300[A]; =230 [urad] ; N, =1.2ell

Many wire configurations with D210c
guarantee more than 2o improvement

The best improvement from these

Separdte areasith different bin

'E 200
<

Iwr're [

5 6 7 8 9 10
D [mm]
4.9 6.9 8.1 8.6 9.1 9.6 10.9 12.9
D [awireRl]

Many wire configurations with D210c

guarantee more than 20 improvement
of the effective mean DA.

The best improvement from these
configurations is 3.30.

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IF{5 ; Q =(62.315,60.320) ; £ =(15,15);

£,=2.5[um]l; B =15 [cm];lo=0[A]) 4’2£= 230 [urad]l; Np =1.2e1l

D [mm]

L)

9% < 0 < 66°
p el mean(DA,, . -o): 5.4 [0]
mmmm MiM\DAg < 392,6 > 66°) < MIN(DA|,,. - 0)
Separate areas with different bin

6.9

8.1 8.6 9.1 9.6
D [owire Rl]
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Pushed ultimate scenario

Lattice tunes Half crossing angle Normalized crossing angle

62.315; 60.32  1.52x101 230 [prad] 9.7 [0] 8.4x103% [cm2s1]

ven with the octupoles at -300 [A] (over- With octupoles at -100 [A] (the over-
ompensation) there are 2 wire compensation is reduced) there are

configurations with D=10c that wire configurations with D210c that
guarantee min DA at 6o (good lifetime). guarantee min DA at 6.60.
HL-LHC_V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15]AQ =(62.315,60.320) ; £ =(15,15) ; HL-LHC_V1.3 ; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.35,160.320) ; £ =(15,15) ;
e,=2.5[uml; B =15 [cm];lo=-300 [A] ¢2£=230 [prad] ; Ny =1.52ell £,=2.5[um]; B =15 [cm]; lo=-100 [A]; ¢2£=2 [drad] ; N, = 1.52el1l

min(DA,,,.. =o): 4.35 [0] .4 =0):3.58 [0]

min(DA) [o]
Separate areas with different bin

Sgpfirate Breas with different bin

g E
— — 1 O
E 0 g E O
< 2= 2
§ 200 %E § 200 <'(E
= Q = Q
< 0 «
-1
100
%/
(%
/ -1
0 0
6 7 8 9 10 6 7 8 9 10
D [mm] D [mm]
4.9 6.9 8.1 8.6 9.1 9.6 10.9 12.9 4.9 6.9 8.1 8.6 9.1 9.6 10.9 12.9

D[awireRll D [awireRll




Iwr're [Am]

Pushed ultimate scenario

ny wire configurations with D210c
arantee more than 2.5c

he best improvement from these

onfigurations is 3.20.

HL-LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRI§: IP15 ; @ =(62.315,60.320) ; £ = (15,15);
e,=2.5[um]l; B =15 [cm];lo=-30Q [A]; ¢2£_ 230 [urad] ; Ny =1.52ell

P 36° <B.r=66°
eff. mean(DA,,,.-o): 4.93 [0]
I min(DAg < 36°,6 > 66°) < MiN(DA,,,. =0)
Separate areas with different bin

100 -
0]
6 7 8 9

N
o
o

D [mm]

4.9 8.1 8.6 9.1 9.6 10.9 12.9
D [amreRl]

|CERN§?

provement of the effective mean DA.

A DAeff. mean [abeam]

|
=

Many wire configurations with D210c
guarantee more than 2.50

iImprovement of the effective mean DA.

The best improvement from these
configurations is 3.30.

HL-LHC_V1.3 ; HO: IP15 ; LR: [P15 ; WIRE P15; Q=(62.315,60.320) ; £ = (15,15);

£,=2.5[uml; B"=15[eml;lo=-10 A] ¢15—230[prad] N, =1.52e11

¥

) 33° <B4 < 66°

eff.mean(DA,,,.-0): 5.11 [0]
min(DAg <33°,6 > 66°) < MiN(DA,,,..=0)
Separate areas with different bin

100 - I I I
0
6 7 8 9 10
D [mm]
4.9 6.9 8.1 8.6 9.1 9.6 10.9 12.9
D [owire R1]

1
=

A DAeff. mean [Gbeam]




Effect of wires in the external side

What are the wires performances if they are placed at the wrong (external) position

HTTTTTTH/

Weak beam

2R RRY
/l vy

Strong beam

and

1) the wire transverse position (D) is fixed at 100 and a non-optimized tune is used

II) the half-crossing angle is at 230 pyrad and a non-optimized tune is used

HiLum ’ RN | _
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Effect of wires in the external side (I)

Lattice tunes Half crossing angle Normalized crossing angle

62.31;60.32  1.2x10% 250 [prad] 10.5 [o] 5x1034 [cm2s1]

0.50 min DA improvement that 0.50 improvement of the effective
guarantees 60 min DA. mean DA with low wire current and
f large wire transverse distance.
HL-LHC_V1.3 jJHO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.310,60.320) ; £ =(15,15) ; -LHC_V1.3; HO: IP15 ; LR: IP15 ; WIRE: IP15 ; Q =(62.310, 60.320) ; £ =(15,15) ;
g,=2.5[im =15 [em]; 1o =-300 [A] ; ¢15 = 250 [urad] ; N, =1.2ell €,=2.5[uml; B"=15[cml;lo=-300[Al; @— 250 [urad] ; Ny =1.2ell
330.6 > mln(DA,, ~0): 5.65 [0] 330.6 p  36°<0.4<57°
350 — m|n(DA [o] p eff.mean(DA,,.-0): 6.2 [0] 0.4
mmmm Min(DAg < 36°,6 > 57°) < Min(DA,,,. ~o) )
283.6 0.0 283.6
300
236.6 236.6 0.2
250 —05 g
T 1506l E © Tl E
O o)
S. 189.6 S. l:? S. 189.6 S. ._.:
n — 200 _ = n — 200 o
2 2 10 < g g 00 ¢
$14267 ¢ g 31426 ¢ ;:a
< Q
_ g
95.6 L5 95.6 -0.2
48.6 0 48.6
. -0.4
1.6 1.6
0 50 100 150 200 250 300 350 50 100 150 200 250 300 350
’wire_Ll [Am] ’wire_Ll [Am]
16,1 66.1 116.1 166.1 216.1 266.1 316.1 366.1 16.1 66.1 116.1 166.1 216.1 266.1 316.1 366.1

’wire_LS [Am] ’wire_LS [Am]



Effect of wires in the external side (Il)

Lattice tunes Half crossing angle Normalized crossing angle

62.315; 60.32  1.2x101 230 [prad]

'0.90 min DA improvement that
‘guarantees a min DA close to 60.

HL-LHC_v1.3 ; HO: IP15; LR: IP15 ; WIRE: IP15 ; Q = (62.315,60.300) ; £ ¥ (15,15) ;
£,=2.5[um]; B*=15[em]; lo=-300 [A]; %:230 [urad] ;

» min(DA,,_fo): 4.
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9.7 [0] 5.4x103%4 [cm—2s-1]

0.60 improvement of the effective
mean DA with low wire current and
ire transverse distance.

HL-LHC v1.3; HO:¥P15 ; LR: IP15 ; WIRE: IP15 ; Q=(62.315,60.320) ; £ =(15,15) ;
=15 [cm] ; Ip=-300 [A] ; ¢2£= 230 [prad] ; Ny =1.2ell

P 30° <O < 66°

p eff.mean(DA,,,.-o): 5.79 [0]
mmmm min(DAg <30°,6>66°) < Min(DA,,,.=0)
Separate areas with different bin
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The wires can give positive results even if they are placed at bad position
(external transverse placement).

A deeper understanding of the impact of the different resonances is needed
through non-linear dynamics analysis (FMAs,...)

The impact of the wire on lifetime is being assessed.

eri.ﬂl scenario for round beams with wires is being evaluated.
e ) 8th HL-LHC Collaboration Meeting, October 18, 2018

Conclusions

In all the studies presented, the wire compensator guarantees a significant
iImprovement of the min and effective mean DA (high chromaticity, any
octupole, nominal and ultimate)

A very good min DA (>70) or effective mean DA is always found at transverse wire distance
larger or equal to 100 from the weak beam.

Possibility to increase the produced luminosity by reducing the crossing angle and/or
increasing the bunch population without sacrificing the lifetime (min DA>60).

Reduce significantly the triplet irradiation by reducing the crossing angle.

With all the good wire configurations (positive A[eff. meanDA]) the area of the good
working tunes is enlarged

WP can be kept constant during leveling




Thank you for your time!

8th HL-LHC Collaboration Meeting, October 18, 2018
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All the quantities are measured from the center of the strong beam in the lab rest

frame
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» 4D treatment of the beam-beam long range interaction (Bassetti-Erskine)

and for o > oy
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Beam-beam field vs wire-like beam-beam field vs
wire field

Amplitude [Gpeam]
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HL-LHC_ V1.3 ; Q = (62.310,60.320) ; £ = (15,15) ; €, =2.5 [um] ;

B7=15 [cm] ;o= 0 [A]; 2 = 250 [urad] ; N, =1.2 x 101

le—1
Resonance lines
—8— HO15: LRO: WCO

—— HO15; LR15; WCO
—4— HO15; LR15; WC15
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