MD results during LHC Run-Il & plans for Run-lll

G. Sterbini, S. Fartoukh, N. Karastathis, S. Koustoglou, S. Papadopoulous,
Y. Papaphilippou, A. Poyet, A. Rossi and K. Skoufaris on behalf of the
HL-LHC wire compensation team.

cﬂ
\ /) WP2/WP13 HL-LHC Wire Compensation Meeting, Fermilab, 17" October 2019

N



Outlook

Experimental constraints and optimization of
the wires settings

= Experimental objectives and results (Run-Il)

= Next steps (Run-Ill)
= Summary

. . =
HiLumi ’ a
HHHHHHHHHHHHH ~7/



The LHC wire demonstrators
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Layout of the wire installation, not to scale

= Since 2018 four wire demonstrators are installed in LHC (B2, IR1+IR5) with
the aim to explore the potential of the wires in ‘L-L!Lgumi’
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http://hilumilhc.web.cern.ch/

driven by the present position of the

= Symmetric position in the IR5.
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collimators and the integration constraints.

Longitudinal position of the wires

) . .. . Wire demonstrator s from the

L1, collimator not-used in operation -176.17
R1, tertiary collimator 145.94
L5, IP debris collimator -150,03
R5, tertiary collimator 147.94
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Transverse positions of the wires

Estimated s E
= The wire are installed in the crossing feenre N
. . . Protected o
plane of the Interaction Region, i.e., 2 noerure 15[ N
. . &) ) -
= vertical in IR1, g
= horizontal in IR5. 2 HI experiment
. . 10 - . wire collimator at
* Given the constraints of the LHC s ol = operational positions
collimation hierarchy, two classes of & = -
experiments were performed § primary jum - L1 experiment
1. LI: Low Intensity experiment O il el Teiar Pl
with wire-collimator just in the - ats>.> o
shadow of the primary o]
Courtesy of R. Bruce

collimators
2. HI: High-Intensity experiment

Wire LI experiment HI experiment
demonstrator beam-wire distance [mm]

with wire-collimator at the L1 741 P —
operational position. R1 7.42 9.83
L5 -7.15 not powered
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Filling schemes and beam-beam encounters

L4 lell Low Intensity, start of FLATTOP Lo lell High Intensity, start of FLATTOP
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In the LI experiment the first bunch of B2 see only two head-on’s (in IP1 and IP5) and
the second bunch experiences head-on and long-range encounters.

In the HI experiment we have a rich distribution of beam-beam interactions in IR1/5.




Wire current settings |

= The experimental setup allowed to (4,0)-(0,4) RDT Compensation
minimize only two Resonance B* =30cm, 6./2 = 150 urad

larger beam-wire distance, the
current for the compensation is
not compatible with the standard 0 . . . .
wire configuration. 4 0 © ’/ 8

collimator jaw position [0O]
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= We set the wire currents to — 000k T :
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= For the HI experiment, due the = 400 i :




= |n the wire-collimator,
both jaws house a wire.

= |n the LI experiment
only the wire of one
single jaw was powered.

= For the HI experiments
the wires of both jaws
where powered: this
allowed to double the
integrated strength of the
guadrupolar, octupolar,
etc., components.
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Wire current settings |l

Beam 2 Beam 1

Interaction Point

LI experiment: 1-jaw powered HI experiment: 2-jaws powered

Beam 2 Beam 1

Interaction Point

——

Wire LI experiment HI experiment
Current [A]

demonstrator
L1 350x 1
R1 320x 1
L5 190 x 1
R5 340 x 1

not powered
350 x 2

not powered
350 x 2



Beam-wire alignment

= Alignment of the wire is critical. The jaw of the collimators has 2
button pICk-up that allows TCTPV.4R1.B2 Alignment

1.  to center the beam within jaws, \
2. toalign the wire and the beam. ?
- Courtesy of A. Poyet
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= The effect of the wires on 7t
the orbit (dipole) and linear 4}
optics (quadrupoles) 5
where locally E4
compensated using T,

= CO corrector close to Q4 2
trims (+ orbit feedback) 1
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Objectives of the experiments

Prove a beneficial effect of the

wires demonstrators in a regime OEFF = — L dN

dominated by long-range beam- /ZIP Lyp| dt| >N Intensity loss-rate
beam effect. The compensation —

should not degrade the lifetime of the luminosity

head-on bunches.
Ideal experiment

T
50+ == Head-on bunch

160 1 == Head-on + Long-range bunch

= \We need to guarantee the beam-wire

alignment and that the linear effects &
of the wire (orbit and tunes) are g sof 07
compensated with feedforwards. = E
- S 120 -
A
. : S
= The main observables are the beam & gl 1004 e oA
losses, its lifetime and the bunch o0l e compensatec
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The experimental campaign

Winter 2017-18
Installation of the IR1 wires

v, I
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From 2to 4 4 wires
wires compensation
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FILL6434-6435 o SR
Compensation BEAM to
with 2 wires TRAINS

a

12 h

29th October
FILL7386
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FILL7169

9h
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FILL5898-5900

Compensation with
2 wires (validation)

TRAINS and
NEW cabling

Reducing
crossing
angle

7h

HI experiments

= Arich experimental campaign was performed during the last 2 years: the
compensation effect was systematically observed.



Low-Intensity experiment

14th September 2018 - FILL 7169, Q=(0.31,0.32), {=(15,15)
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= Almost full compensation, even at reduced crossing angle, for
iLUM ’ e regular bunch whereas head-on bunch not degraded.




Hl experiment (operational conditions)

29th October 2018 - FILL 7386, Q=(0.313,0.317), é=(7.7)
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m Cw = Compensation provides areduction of B2 losses of ~20%.
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Bunch-by-bunch analysis (I)
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= In the HI experiment the wire is more effective for the trailing bunches.




Classes: DA optimizations are

I. NoBB
" B; based on BB Class

Applied on Class
IV. NoBB-ecloud

575 600 625 650 675 700 725 750
Bunch slots 25 nsl

Bunch-by-bunch analysis (ll)

Several observation during 2018 run showed indeed that the trailing
bunches are the most critical in terms of losses.

B1 Fill 7266: Crossing Angle anti-leveling

trailing bunches

“leading bunches

Time [h]

e Courtesy of S. Kostoglou and S. Papadopoulous




Run-II (2018) Fill Profile
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= The crossing angle
reduction and its interplay
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considered the
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Run-IlI Fill Profile (2021-23)
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Next steps and proposals

(Interaction Point 5)

= Following these encouraging results,
It was proposed

= to use the wires routinely
during the next LHC operation
period in the High-Intensity
configuration

= to equip also the Beam 1 with
wires by moving two wire
demonstrators (L1 and L5) from
Beam 2 to Beam 1.

(Interaction Point 1)
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Summary

In 2017-18 a rich measurements campaign was performed to
explore the potential of the wire compensation for HL-LHC. For the
first time in a hadron collider, the positive effect of the compensation
was systematically observed in operational-like conditions.

= Following these results we proposed to use the wire demonstrators
operationally for the next LHC run. Using the wire in Run-III will
maximize what we can learn from the present demonstrators in view
of HL-LHC possible applications.
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Thank you for the attention.
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~80 mb

Wire alignment

Low-Intensity experiment

Transverse blow-

up and BBLR
signature
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Almost full compensation, even at reduced crossing angle, for
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Hl experiment (operational conditions)

Reduction of
crossing angle
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