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The Challenge for HL-LHC

* Co-linear beam profile measurements for HL-LHC

* Proposed devices for active halo control with a hollow e-lens and long range
beam-beam compensation both include a high intensity e- beam (upto 10
Amps) close to, or coaxial with the high energy LHC p+ beam.

* These will need a non-invasive instrument for optimising the transverse
profile (overlap) of one beam relative to the other

* As the e- beam will need to be contained by a (superconducting) solenoid,
this overlap monitor will need to operate in a strong solenoidal field, either in
the main solenoid (2~4 T) or in the fringe field

* The device would need to be installed in the LHC, integrated in some way in
the SC solenoid




Summary of Gas Jet Collaboration

 Why?
* Only viable non-invasive technique identified for the characterisation of high current
electron beams in the presence of high intensity and energy proton beams

* Important for development of electron lens components for hollow e-lens and LRBB
compensator

* Objectives
* Demonstrate production of a high density neutral gas sheet
« Demonstrate detection using luminescence
* Produce a system capable of equipping an e-lens test stand
* Design, produce and test a prototype system that could be installed in the LHC

* Collaboration partners
* HL-LHC WP13 and UK collaboration (WP3 - Diagnostics)
« Agreement in place for 50/50 funding of HL-LHC activities

» Task 2 : Gas Jet Based Beam Monitor for HL-LHC
* University of Liverpool & Cockcroft Institute
» Design, Production and Test of a neutral gas sheet production device

* GSl collaboration agreement
High ° Design, production and test of a luminescence detection system for a neutral gas sheet monitor

bio- Luminosity
e tr_lr‘r:-nr:su e I.HC
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Beam Induced Fluorescence Features @ GSI g

* Based upon the detection of
photons emitted by residual or beam AN\f/ -
injected (low pressure) gas ,
molecules residual gas (+ N, ) photon

* Little influence on the beam window | \

» Single pulse observation possible;

down to = 1 ps time resolution
lens system

* High resolution, e.g. 0.2 mm/pixel, —
can be easily matched to Intensifier —T—1
application

CCD camera

« Commercial image intensifier
available

 Compact installation, e.g. 25 cm
for both planes

GSN
E-Lens Collab. Meeting, Oct. 11, 2016 3 BIF Profile Monitor



Setup #1 at Cockcroft

Using Beam-Gas lonisation
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« > _ Setup @ Cockcroft Institute
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<> Results @ CI
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Residual
gas signal

Jet signal

V. Tzoganis, et al.,
APL 104 204104 (2014)

V. Tzoganis, et al.,
VACUUM (2015)
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4> et Studies
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= Apply 3D movale lon gauge to scan through jet
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4>  Resolution

The Cockcroft Institute

of Accelerator Science and Technology

Occp = 90 um

Top view Side view, as travelling with the jet

Vertical
profile

" Oycp =80 um
= Jet thickness

Horizontal
profile

X,¥,Z € beam

@d 6

+  W: screen thickness
d: effective thickness

—————

Interaction
area

7 d=W/sin(8)
9=45°
X
gas jet sheet
(a) (b)

250 250
i . 150 .....m“ u-.o» 150
: . 100 100

@) I () N |

0 0

SITY

arsETé}f\;Eei%’P@@#Meetmg Paris, France

/\

QUASAR



<> Benefit from Jet and BIF |

The Cockcroft Institute
ooooooooooooo Science and Technology

= Generate light in collision between gas jet and beam
» Detect photons and measure profile
» R&D challenges:

— Monitor integration (location, cryostat,...)

— Optimum location, e.g. do we have to measure inside the solenoid?
— Gas condensation, extraction and choice of species,...

— Achievable resolution of optics and anticipated signal levels

» We are optimizing this idea towards HLLHC application
with CERN and GSI.

= 2 monitors planned for 2017 and 20109.
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<=  Fluorescence Monitor Principle
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N,-fluorescent gas

spectral intensity [arb. units]

......_f\_.J1 \f-_ﬂs 4‘\..)5\. [ T S TS S S E VO TR T
E A 4 — Nitrogen E
Lens, Image-Intensifier 3 3
E 1 5 3
: . 5o AJWR Y S A ! L E
and CCD FireWire-Camera 00 e o e T e e
P. Forck et al., Beam induced fluorescence profile monitor developments, Proc. HB2010 wavelength [nm]

= Gas molecules are excited by the beam and emit a photon when
returning to the ground state.

= Emission wavelength is determined by the gas species
= The relaxation time is typically 10s or 100s of ns.
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Gas Dynamics Studies



Simulation issues

* Pressure range spans 11 orders of magnitude
* Gas nozzle inlet at 10 Bar, Interaction chamber at ~10~7 mbar

* Transition from viscous to molecular flow regimes mean the same physical
models cannot be used over the whole flow

* Geometric details also range over 4 to 5 orders of magnitude

* Nozzles from ~30 um with transport over ~ 1 m

* Tends to require numerical models with large numbers of elements, so
computationally demanding



11/10/2016

CFD simulation with 15t skimmer and py. = 0.88 [Pa] everywhere

Velocity distribution and streamlines

Paolo Magagnin/Ray Veness
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Molflow+ Model:

3. Molflow+ model (simplified);

DR e

Closer view into the first skimmer area; the little red dot is the inlet surface simulating
the viscous-flow distribution as calculated by P. Magagnin;
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Molflow+ Model:

3. Molflow+ model (simplified);

File | Selection Tools Facet Vertex View Time Test

Texture Scaling B &0 (V8213 F-3839 Dim(24,19.7104,149.63) At
- Texture Range Current =1 3D Viewer seitings :
z Autoscal ola
Min [D0D0E+00 ¥ Autoscale ¥ Use colors ey (" Rues [ Nomaks [ @7

(v Lines [ Leaks [ His
[ Volume v Texture

View | [ Vettices [ Indices

Max | 1000E+00 (¥ Include constant flow [ Logarithmic scale

_Settocurent || Apply Swap [401MB Max: 2060E-01

- Bradient
oo - i
005 01 05 02 e

Show: [Pressure [mbar]  [v) 4¢ R (" Outgassing (mbart/sk [ |

/gy /> ’ % Outg/erealmbartysientl( |

X ¢’ r Particles out
) " Sticking factor (-
S Sies:  [15ided =

Opacity: 1

Temperature (K: (23355
Area [en?): [6.363962-06
Puofle: ~ [None =
L cAdv | Detas. | (Coord.| | opry. |
= Simulation ————
[~ Auto update scene | Update |
Hits (8442 Mt (50 Khit/s)

Des. (5478 Kdes (BT1des’s)
Lesks (3l00005%)
Time [Funning 02601
. #_ Hts  Des  Abs |4
3061 58568 [
3062 58656
3063 62972
3064 71764

0

0

o

0

3065 84144 0
3086 99333 a
0

0

o

0

0

A

A

3067 115934
3068 131765
3069 14511
3070 150755
3071 3810080 o |+
R .1
Tt Skimmer (187835008 ||
ond Skimmer (0058683 ||
Nozzle 00117059 ld
P_avg 12276405 ||

<1 7= Dconst 1 L:]
Fron | [Top | i |[oho (=) /, ] @End Pump  [Go06EES .|

/
Ray-tracing with Molflow: two baffles/have been placed in front of the “dump” area
turbo pump, to reduce backscattering from it;

|

goooooococooo

20



Molflow+ Model:

3. Molflow+ model (simplified);

File Selection Tools

Courtesy: Roberto Kersevan
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Molecular Distributions

3. Molflow+ model (simplified);

Beam-Gas Curtain:
Pressure Profile at the Virtual Plane

Facet # 3191

0

* Facet #3191: rectangle on virtual facet >
Courtesy: Roberto Kersevan



Recent Progress



Beam Gas Curtain: Current status

e Vacuum chambers :
* Drawings ready (LHCBGCAAO0002 / 0004 / 0005 / 0006 / 0007 / 0010)

Courtesy: N.Chritin 17/2/17
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Next Steps



Main challenges for HL-LHC

* Performance challenges
* Integration time
* Precision achievable in the gas and electro-magnetic environment

* Instrument challenges for HL-LHC
* Integration into/around the SC solenoid
* Vacuum issues (pressure, gas species N2 vs. Ne)
* Instrument size and maintainability



Project research goals in 2017

* Cockcroft
* Assemble and commission the #2 test stand with new, higher intensity e-gun
 Commission instrumentation (Mass spec...)
 Demonstrate results with BIF then start to quantify performance
e Simulation work: Beam-gas simulations

* GSI (upto 30/6/17)
* Deliver optical system for BIF to Cockcroft and participate in commissioning
* Deliver report on BIF with different gas species (in particular Ne)

* CERN
 Complete mechanical design of #2 test stand (skimmer production and alignment)
* Integration studies with the SC solenoid and HL-LHC
e Continue studies of gas dynamics (high pressure-low pressure)
* Longer-term studies targeted at FCC (gas jet scanner)



Backup Material
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Beam Induced Fluorescence (BIF)
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<> Zoom: Main chamber
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4=  Understanding the Jet

The Cockcroft Institute
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= Simulations using the CST and WARP codes
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4>  |gnization Cross Sections
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= Can be exotic, e.g. single ionization of helium by
antiproton impact
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<> How to Generate the Jet ?
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4> Experimental Data
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4>  Example Measurement 2
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> Mechanic Design @rar)
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<> Also considered: Gas Jet Wire ?

The Cockcroft Institute
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= Similar idea to laser wire
= Challenge mm focus

Fresnel Zone Plate
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