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The quest of the incoherent
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Magnetic field [G]

Vertical tune

TABLE I. Beam and machine parameters.

3000 Parameter Value
Intensity N, [10'° p) 55
— Normalized horizontal rms emittance €7 [mmmrad] 3.6
Normalized vertical rms emittance €}, [mm mrad)| 2.2
5 | I Rms bunch length o, [ns] - 33
I | Rms momentum spread épﬂ [1077] 0.95
0 | . . | Horizontal maximum tune spread AQ: max" -0.05
0 500 1000 1500 200 Vertical maximum tune spread AQy max" -0.071
Time [ms] Sextupole current Isx [A] 2
Harmonic number h 8
RF voltage Virr [kV] 20.5
6.5 Horizontal linear chromaticity £, -0.83
Vertical linear chromaticity &," -1.12
Energy of stored beam [GeV] 2
6.45 Turns stored 497646
Storage time [s] 1.1
Relativistic 0.948
6.4 F Relativistic 3.14
Synchrotron tune 1163}
Horizontal flying w. (SS68 at 422.8 m) 3. [m] 12.40
6.35 Vertical flying w. (SS64 at 397.7 m) 8, [m] 21.75
6.0 6.05 6.1 6.15 6.2 6.25 6.3
Herizontal tiife ® The tune spread is calculated according to Ref. [18].
b g, = g;,y _ Aogy;’ox.y
z,y p/p
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PS campaign: “towards the unknown”
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Signal [1]

Beam Profiles @ (A)
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Signal [1]

Beam Profiles @ (B)
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Signal [1]

Code experiment benchmarking
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Distance from the resonance

Bare optics

Arg = Qg0 +2Q4,0 — 19

Bare optics + space charge of
one particle at amplitudes X,Y

A’r — ATO T AQSC,Q?(X7 Y) + 2AQsc,y(X7 Y)

Resonance condition = Ar =0
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Resonant particles
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(1)

Comparison with simulations
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Something seems wrong |
The -x- profile does not exhibit
an halo that ends at X,
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Including the chromaticity
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effect of space charge
AMPLITUDE DEPENDENT

incoherent tune-shift
AQx,maw = _0-057
AQy maz =~ —0.071
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AMPLITUDE INDEPENDENT
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with maximum dp/p
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(1)

Including chromaticity

1t c) = 1R d)
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Something seems very wrong!

The -x- profile does not exhibit

a halo, and the -y- profile have
a smaller halo than expected

3-8/7/2016 G. Franchetti ="z JI ( EUCARD? p

17



— 3.5
— " with exf/ex,.
3 = ,L/ chromaticity
N eyf/ €,
without N
2. chromaticity 1./1.
N - ;o

Y.
1.5
)
0.5
0 | ! | ! | | | '

6.05 6.1 6.15 6.2 6.25
3-8/7/2016 G. Franchetti on 18

IIIIIIIII IIIIIIIIIIIII




Coupled dynamics on the resonance
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SPS campaign on May 2015:”Dream of glory”
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Space charge induced
coupled dynamics in a bunch

longitudinal motion keep frozen, to make retrieve orbits
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two larger resonant
orbits: situation very
different than 1D
resonances. There are
infinite fixed lines !!

4 llllllllllllllllllllllllllllll

-0.05 0 0.05
x/ C,

3-8 /7/ 2016 G. Franchetti 23



3-8/7/ 2016

G. Franchetti

[
€

% length ):

QO
2
=== I ( EuCARD

Transverse
Space charge
is weaker

24



3-8/7/2016

N T T ¥

- ’ * rF A -‘ * “- e »
b) :.4 ’ .’ ’.‘- o ‘. ‘ '..‘....‘ .= .‘.. : Pt
— ‘.l. : - . “ . ‘,. {. ? :.....0 . e . 'f % .:"
L AL M RN PO S 1
. b : -W. !’ - . . Y . Lhe e .O
B -f."‘ﬂ\ % ¢ o " * [ oo““.\:: ie ="o
.ﬁ . Ql' o?l." ..'b ~ . A, o g . - L ' ‘s
= LI 2 Y T ATIALY I K s s 2
LN Pt . - .'.‘ - f"}d' RICNC 00}. :
- IO DRI Yy S T SN P (U
V\.n : 00...‘.'0 :".l..'..f.*. .bo.... ...: ...‘:':A ..‘.

* -
AR TR L F
2 :".(*.?a-‘,.:"-- +" two larger resonant

ode o Sotty 04 KT
- . ;ﬂ'&" ;;?‘i"’ r;..!,f,g orbits: now the
<* ’o. 1 {

- RPN PR LR '-,:' AP .R*. amplitude of the orbits

' . . ."'. ..':. .‘ 3 .
- oAb s, .-.t.} ,.‘{.3--,",*.:.'-';.- '3‘ " is smaller. We still have
= P DR S \..-\ KA AN XN e
e ST ..-\,,o.f&-.:'_';._..; ... + infinite fixed lines.
I PRI R R O A V.
— ".\ .n'.o:‘ ¢ - :. ;. o*' .‘. .Fk \“‘ ': 'o o."‘. ¥,

-001 0005 0 0005 001
G. Franchetti x/ Gx 25



3-8/7/2016

Periodic crossing of fixed lines
induced by space charge and
synchrotron motion
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Scattering (of the invariants)
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Adiabatic limit
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Halo asymmetry
explained with
fixed lines
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Conclusion / Outlook

A benchmarking on the 37 order coupled resonance is achieved for the
full PS structure.

Outstanding asymmetric halo are formed and decently well retrieved
by the simulations

Thinking in terms of resonance detuning arises paradoxes
The “fixed-lines” are the new objects that explain the dynamics of the resonance
“Fixed lines” are measured in the SPS

Simulations shows that the periodic crossing of the fixed-lines causes the
asymmetric halo as result of fixed lines geometry.

Although there are infinite fixed lines, halo diffuses to “one” value = adiabatic limit
The doors are open for massive studies of all coupled resonances and space charge
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