14th HL-LHC Collaboration Meeting
Genoa - 9th October 2024

Performance of the BGC in the LHC

D. Butti on behalf of the BGC collaboration

<‘:
The Cockcroft Institute

of Accelerator Science and Technology

gﬂ? UNIVERSITY OF CERN
E= 5= 10 © LivErPOOL \j_)l




Outline

Introduction
~ Beam Gas Curtain
~ BGC as beam size monitor

Results from BGC operation
o visible and ultra-violet configurations
o emittance measurements
o impact of jet thickness
o ion run diagnostics

Beyond fluorescence
o losses-based diagnostics

Conclusion
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Beam Gas Curtain
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Beam Gas Curtain principle

Conceived as overlap monitor for the Hollow Electron Lens

After HEL descoping, re

proposed as beam size

monitor for the main LHC beam:

v' minimally-invasive
v simple beam imaging
v" only option for Pb @I

Promising measurements during 2023 run (with ions)
— ongoing effort to move towards an operational device

x weak fluorescence signal, only
suitable for avg measurements

x jet thickness affects
measurement in vertical direction

NJ
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https://youtu.be/vBd-Loq6U2o?si=SL1Xgt7C8fo_VU4y

BGC as beam size monitor

Because of the gas jet finite thickness,
the BGC output is different in the two directions

g
/

Horizontal projection is unaffected
— used as indicator of data quality
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fluorescence

photons
Vertical projection includes jet distribution

— retrieving accurate beam size is more challenging
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Horizontal
light profile = beam profile

Oy = Opeam * O-jet

_’l
WU ertical
light profile = convolution of beam and

jet profiles

proton

beam gas

jet
top view
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wavelength [nm]
300 400 500 600 700 800

Fluorescence signal

Non-destructive profile
measurement of intensive

heavy ion beams,
F. Becker 2010

BGC currently operates in two spectral domains

BGC VIS: visible line 585 nm BGC UV: ultra-violet lines

* lower light yield — longer integration times * better light yield — shorter integration times
* neutral transition Ne* — better resolution * ionic transition Ne* — worse resolution

— best for accurate absolute measurements — best for precise relative measurements
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http://tuprints.ulb.tu-darmstadt.de/2332/5/Dissertation_FB_print.pdf

Resolution

2 M = magnification
. . . . . . 2 _ aimg 2 Opeam = beam size
Beam size inferred from image size, correcting for resolution  64eqm = Tz Ores Gy = fitted size
Ores = resolution
BGC VIS BGC UV
+ neutral transition Ne* unaffected by beam field * ionic transition Ne* affected by beam field
» resolution only given by optics » semi-empirical correction including beam current
- Ores,uv ~ kI?
T Ores VIS = 65 pm f
l H E2('.|('.|
: * measured a priori :
' * much smaller than -
| any beam size |
bea.m beam 160 .

BGC self-calibration — assume “true” value provided by BGC VIS and derive correction for BGC UV
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BGC VIS results during machine cycle
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—— BGCVIS 4 ATLAS
2755 —— BSRT 4 cms
250 1

Some issues affect the measurement

E 2.25
= overestimation of injection size due to poor signal & 2.00
= fluorescence easily overwhelmed by losses 217
* 1.50 4
= long integration time implies very few points 1251
1.00 4 * BSRT fresh from calibration
1200
~ overshoot from losses at start of ramp
BGC VIS reliable reference in stable beams £
but not ideal to track beam size evolution 8 8001
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Fluctuations of BGC UV within 5% in emittance

Trend from combined BGC VIS + UV compatible
with emittance scans at start and end of fill
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Combined BGC VIS + UV

Measure fill using BGC UV, switching to BGC VIS
for accuracy cross-checks

= BN
N Y o N
w (=] o w
| )

1.00 A

1000 A

900 ~

800

700

600

500

Energy [TeV]

—— BGC UV
= BGCVIS

o #10084

w
I

* BSRT calibration starts suffering...

~
L

N
1

T
[

ey leld
i
@
L35
E
5
- 2 3
2
>22h SB due to injectors unavailability £

09-03 18 09-03 21 09-04 00 09-04 03 09-04 06 09-04 09 09-04 12 09-04 15

Time

D. Butti - Performance of the BGC in the LHC.



Combined BGC VIS + UV during ramp

3.00
—— BGCUV 4 ATLAS
.. 2.757 BGCVIS 4 CMS
Overall positive results 2501 — BSAT
E 2.25 1

* Quantitative agreement with BSRT at injection

* “smooth” behavior in ramp g s MW Py |
f

+ qualitative agreement with BSRT at FT " 1504 W
(e.g. dynamic beta effect on collision) 132 collisions start |
1 1 H H 1000 + ‘x
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In reality,

= deconvolution works with low-noise profiles — only BGC UV usable
= real jet profile not perfectly rectangular — jet edges further correction to beam size
... these issues are mitigated if beam size is larger (low energy)
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Vertical direction (perpendicular to jet)
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Ideally, the has
* intensity plateau from uniform jet distribution
« Gaussian edges from beam distribution

— beam size information only encoded in the edges,
retrievable from deconvolution

If jet thin enough, deconvolution can be replaced by
simple Gaussian fit and correction in quadrature
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— BGC UV ¢ ATLAS

b #10127

Vertical direction T .

Deconvolve BGC UV profiles to assess beam size
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Vertical direction during ramp

3.00

#10127 —— BGC UV ¢ ATLAS
2.751 = BWS ¢ cMms
.50 - —— BSRT

Still some positive results:

= BGC, BSRT and BWS are compatible
within 10% at injection
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Performance with ion beams

More favorable conditions with ion beams
stronger fluorescence signal
larger beam sizes

Limited availability of BSRT with ions:
no light at injection
rarely calibrated at flat-top

VIS 120s

Promising results from last year ion run,
re-commissioning with ions still pending

Lead ions
VIS 60s

Injection Start of ramp Stable beams

Ve Ly
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Summary of experimental results

Horizontal measurements (i.e. parallel to jet)

= BGC VIS configuration provides accurate and reproducible measurements in stationary beam
conditions

= BGC VIS and BGC UV combined best option for beam size monitoring over full machine cycle

Vertical measurements
=  BGC UV still OK at injection, flat-top performance affected by jet thickness
= improvable by reducing jet thickness and/or de-squeeze to increase flat-top beam size

Promising measurements from last year’s ion run
= re-commission BGC for ions and validate results

iLumi ’
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Beyond fluorescence

Fluorescence is not the only signal, gas-induced losses detectable downstream
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Concept for a BGC-based beam profiler

Present BGC — jet is “gas screen” and detect fluorescence photons

I camera

= 2D image very efficient to detect centroid
= info about beam profile (emittance)
= very low fluorescence cross-section, limited dynamic range

System can be converted into a beam profiler — use jet as “gas collimator” and detect losses

O p—— ==::::::::'9§§?§::::1 = intrinsically a 1D instrument
_ “““““““ > = measures integrated population within jet
beam = if jet is moved, measures profile (emittance)
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Optimizing jet-induced losses s
5 Ao g
Jet is only a part of the gas distribution created by BGC £ ok \ T o | o
© £ A —— Gauge measurement |
- - age . ; K [+
= need to maximize sensitivity to jet versus background S 8
- - a J —0.4
(jet shape/aspect ratio, reduce pressure background..) ,
© i il
Existing BLMs not optimized for BGC losses w-ngw_J»;ﬂ_;ﬁ ETUURTTURITIUIT W 1 Y’
. .. . . dIR4 [m]
= install additional BLM in BGC radiation hotspot : _
= install additional BLM close to BGC to enhance jet sensitivity e O e :
3 an

= test BGC-induced signal on new BWS scintillators
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Conclusion and outlook

= BGC performance as average emittance monitor assessed with protons
= successfully validated in the direction of the gas jet
= perpendicular direction more challenging but margin for improvement

= re-commissioning with ions pending in 2024
= encouraging results from 2023 ion run
= could mitigate lack of emittance monitoring at injection energy

= investigations ongoing to exploit jet-induced losses as stronger signal for
transverse beam diagnostics
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Thank you for your attention!
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