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High _  Detailing an operational scenario
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LHC for the nominal HL-LHC...

Specifications for the dipole m
IT/D2/Q4 corrector magnets taking: v ____ - & —
into account their required il I - = oo |
functionalities and constraints. = e il N
e P AN | e P 7aN
Requirements could be further ﬂ y | |
relaxed if crab cavities could be =~ e 70 e S

5000

remotely aligned on a fill by fill
basis. Feasibility should be
assessed and weighted against the
cost/complexity of high field
correctors

Realistic assumptions for alignhment,

transfer function errors, ...




High _  Detailing an operational scenario
uminosity

LHC for the nominal HL-LHC...

preferred option
from
hardware side

proposed by WP3
(HL-LHC perliminary
Design report)
and presented by

A. Ballarino,
4th LHC Parameter and
Layout Committee
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LHC for the nominal HL-LHC...

In general: tune spread can be reduced by changing the powering of the IT

-> exploit compensation between Q1/3 and Q2a/Q2b
PC117.3 kA PC2 17.3 kA
Q1-Q2a Q2b-Q3:

largest reduction of tune spread
-> preferred from beam dynamics side l Ql [| | Q2a o

We should have the information
necessary for a decision at HL-TC 4£2.0 kA

Q1-Q2-Q3 (all in series):
preferred from hardware
side over Q1-Q2a Q2b-Q3

PC2 +2.0 kA PC3 +0.2 kA PC4 +2.0 kA
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LHC for the nominal HL-LHC...

* Longer transition from to B*= 6 injection tunes to 44 cm. ATS condition starts from 3 m.

* Further optimizations to smooth the transition are foreseen for HLLHCV1.1.

160

— kq4 I5b1

| —  kaq4.15b2
Time L~ kq4.rsb1
| —— kgd.r5b2

kq5.r5b1

68 (241)s 3 m Q4/Q6 | e , o
88 (3 13) s 1.9 m Q6 o 1 2 bémpsi1 5 6 7 i — b:ﬂpﬁ; 5 6 7 i bﬁtxipﬁi1 5 & 7
150 (490)s 70cm Q6 JP Burnet, R. De Maria, M.

270(792)s 44cm Q6

k [T/m]
% 8 & 3 & 8 @3

— kqg6.I15b1
—  -kq6.15b2
—  -kq6.r6b1 |

Giovannozzi, Q. King

270 s reached with bipolar converters in Q5 and the small inductance of MQYY.

Analysis of the squeeze to be continued:

e QPS limit

e rounding in/out

* Limitations for the ramp down/pre-cycle
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Frial Field quality margins?

This is beam sigma (€¢=2.5 um)!
cm_Beam Charg

D. Banfi, D. Barranco, T. Pieloni

¢=2.2-10" p/bunch __B=15cm Xangle=590ym

+ 6D, HLLHCVIL.O

+ 6D+ err, HLLHCVLO | t* 6D+em HLLHCVLO
6D+ crab, HLLHCV 10 . g 12+ & 6D+ crab, HLLHCV1.0
# & B0 + crab + err, HLLHOWV .0 I r 4 60+ crab + e, HLLHCWV 1.0

+— 6D, HLLHCV1.0

Min DA 10° turns (o)

For optimized settings of the field
errors

950 200 450 300 550 600 650 700 750 800 03 1.0 15 50 23 3.0
Xangle (prad) Beam Charge (10" p/bunch)

*  Multipolar Errors do have an impact at nominal intensity for 15 cm
optics.

* Above 600 prad x-angle multipolar errors not more in shadow of BB

* Evaluating the impact of each multipolar error of the triplet
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Ry Field quality margins?

We have some uncertainties on e bentmerntet 0, -0
the predictions of the DA (20- . | P
30% from Run | experience) '

1. 10% largerg,
(2.522.75)

2. Equivalent to
reduction of the
angle
590prad—2 560wrad

3. Equivalent to
reduction of DA 1o

B

Bl s st A e
Limit of Chaotic Motion

4

2

We need margins for:

Nb and e Varlatlons 950 a0 450 mxi:;:mﬁ]m 00 750 800
o« . 0% increase g, reduces
Chromaticity and octupoles for YEY P

stability
Additional effects are being

#=15cm XanglFS‘J’]pm Fyy, o Intensity

, HLLHCY 1.0
¥ 2 b HILWOVIO) 1A o Indensity

|29 ]

. . « . = 10
studied individually (IP2/8, crab : R
? - ntensity
cavities) need to minimize and 2l T | e 22324
= P uivalent to
integrate them $ 4f imitof Craotic Motion * remcion o DAGS @
Note that the possibility for l
. . .. () ) S5 20 25 30 3
sorting will be very limited T enGam Ot

. 5 5 10% Intensity fluctuations reduces DA
D. Banfi, D. Barranco, T. Pieloni 543580
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Luminosity HL-LHC impedance

B Crab cavities Vertical Impedance — Real Part
Other broad-band contributions
@ Pumping holes (rest)
Pumping holes (triplets)
Il RF, ATLAS, CMS, ALICE & LHCb
[ BPMs in triplets —
B Tapers in triplets g
B RW from warm pipe "5
W RW from beam-screen =
B Geom. from coll 5
EEE RW from coll (=
3
]
[a

Progress with the LHC/HL-
LHC Impedance model

Reduced discrepancy 10° .0 10° 10° 107 10° 10°
Frequency [Hz]
model / measurement

N. Biancacci, O. Frasciello, N. Mounet, B.

Significant contribution . Salvant et al.
crab cavities
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Luminosity Beam stability

LHC

HLLHC 15cm, 7TeV, Mo+MoC M:2748, oct.polarity:+, damper gain:0p02
1 T 1

* We need low
impedance

baseline
451 1lum Mo + MoC 7
collimators: [ T dumMosMoC _
Sum Mo + MoC
® HIL-LHC 25ns
— Mo coated — Mo Gr  35F  x  uLincBoMs
. 2 +  HL-LHC 8b+4e
collimators seemto £ 3} & woscso
provide the best 220
match resistance to £ 2/ > um of
k= : :
q / sl Mo-coating IS
amage/Iow 1 needed
impedance
051
0 1 1 1 | 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4

Emittance [mm.mrad]

E. Métral, N. Mounet, F. Carra
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Luminosity Beam stability

Crab cavity HOM

Impedance is dominates 2 . . .
o —HL-LHC no crab
at low 3* g ——HL-LHC with mode
£ —— mode with 5* more damping
=» Some HOM modes to be % —==mode with 10* more damping
dam ped *;'?, ——mode with 50" more damping
. 5 —mode with 100" more damping
-> R/Q must be reduced as 700 1 t mode with only one bunch
£ ' : : 1
well. 5
Advantage in reducing the ¢ R L
number of cavities if ; . I -
higher voltage per cavity ~ %™os 1 15 2 25 3 35 4

. -
can be achieved ntensity in p x10"

Need to continue the
optimization work in tight E. Métral, N. Mounet, N. Biancacci, B. Salvant
collaborations with WP4




Beam screen geometries in the IRs (HL-LHC)
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ity Heat loads

Total heat load on the beam screen cooling circuit

o Imped%nce heatizng
Complete analysis of the zoo ; 5 ‘
1500 fooooooiin I v i fovsmear gt o]
of vacuum chambers and '
: 3
magnets in the TAS-Q7 area Br000 Lo ]
for heat loads: : e
Electron cloud e I S
Image currents , | | | |
L . 1.0 1.2 14 16 1.8 2.0
SynChrOtron Radlatlon (at fIrSt Total heat load on the besali:; screen cooling circuit
view negligible) 2500 , 3 ‘ 1
o—e 1.15e11ppb | |
Confirmed the need for e- o | R
cloud suppression measures ' '
. o o §1500
(coating and possibly clearing =
electrodes) for the triplets/Dl S0l ]
inIP1/5 and IP2/8 S | __
G. ladarola § IP2/8
D1.0 1.i2 1.;4 1.;6 1.;8 2.0

SEY
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IRy Heat loads

. . 2.20x10'! ppb
Matching sections: et AR e—
New Q4/D2 in IP1/5 will require |- wm | .| cryocootingcapaciy
1 e 110 T/m %15 ;
aC coating. - i £
Pending the results of the - omm § |
o . e—e 210 T/m
scrubbing run 2015 (i.e.
minimum SEY aChievabIe): 01.0 } 1;1 1:2 1.’3 1:4 1.‘5 1.'6 1.7
Proposal for D2 IP2/8 and other  2.20x10%ppb -
Quads of the IP1/5 MS [ impedanceneating [
’ ; : i A
£ Cryocoolingcapactty s+~

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
SEY
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Luminosity Next step for the layout

Aiming for a second layout version in the first half of
2015:

Need to fix geometry of the triplet area (integration and

triplet quadrupole length). Implications:
Increased Strength D1/D2 or movement of the matching section
Reduction of the 3* reach and possible implications on field
quality

To be noted:

Once we reduce the gradient and increase the length of the
qguadrupoles to get a constant integrated gradient any gain in
gradient performance will not be usable (except as margin for
operation to higher energy)

The same applies for the space increase.



