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1. Challenges of the LHC
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la. Challenges of the LHC

e LHC accelerates protons with large energy
e operational proton particle momentum: 4TeV/c
e QOperational stored beam energy: 130MJ
— 35kg of TNT or 3 kg of Swiss Chocolate
e Beam losses deposit energy in equipment
— mlJ/cm? quench superconducting magnets
— Larger beam losses can damage material
 Protection equipment
e Interception of beam losses
e Large beam losses =>beam dump
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1b. Beam Losses in the LHC

e Injection losses
e Scattering processes between residual gas particle and proton
e Scattering processes between dust particles and protons

e Particles with large betatron amplitude hit collimator and produce
secondary shower

e Collision products
e Beam dump

Hadron shower

v

Diamond detector

Lost particle
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1c. Beam Losses Caused by UFOs

e Unidentified Falling Objects (UFOs) are dust particles with size of
micrometer (10-100um)

* Falling into the beam from above

e Scattering processes between UFO and proton
— Inelastic scattering (localized showers)
— Elastic scattering (over several turns)

e Losses profile is Gaussian
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1d. Beam Loss Monitors in the LHC

Features lonization Chambers Diamond Detectors
Sensors nitrogen gas e sCVD diamond
pCVD diamond
size 50cm x 9cm 5mm X 5mm (sCVD)
(pCVD)

time resolunon 40us (half LHC revolution) Nanoseconds (bunch-by-bunch)

Measurement Integration of beam losses * Integration of beam losses (sCVD)
* Observation of beam losses with
oscilloscope (pCVD)
included in the protection system | Bunch-by-bunch beam loss analysis

lonization chamber B _sCVD diamond frame N

[F?bm B. Rehning —*-Paper in IEEEXpIore ‘Beam Loss Monitoring System for the LHC”]
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2. Diamond Sensors at LHC
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2a. pCVD Diamond Sensors

e |Installed in LHC tunnel

e Readout with oscilloscope
 Triggered by external signal or internal
e Important diamond in IR7

. HeAy o Diamand
— Collimator close to beam Bd¥D 1 |  sefsa

— Different beam losses visible

Location | Number | Trigger Measurement of
beam losses during

2 Post Mortem trigger | Beam dump

M Post Mortern trigger
R7___ |2 |internal | Operation
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2b. sCVD Diamond Sensors

e |nstalled in CMS and LHC tunnel
e Readout with readout modules:

sCVD in CMS

[from BRM group -

— Time-to-Digital Converter (arrival time)
— Scaler (beam losses per second)
— Analog-to-Digital Converter

(signal sampling)

Diamond
Sensors

sCVD in LHC
tunnel

Dl-lrr‘u,}rldﬂl-——
Sensors | High Voltage
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2b. sCVD Diamond Sensors

Location Number | Purpose
Arrival time at injection
157 | IRd: RF + Beam IRE: Baam
Arrival time e TEphg s

" g
1 A
i
\ 4
. e

IRY: Belatron
claaning (warm)

IRS outsnde Arrival time, collision
products outside of CMS
IR5 inside Collision products,
CMS background
1 Arrival time measurement
at injection

Diamond in CMS — BCM1F +

e BCMIF provides beam
parameters

— Background rates

— Collision rates
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3. Measurements of Beam Losses with
pCVD Sensors
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3a. Injection

e Beam losses during 12 injected bunches from pre-accelerator
e Reason: injection oscillations

— Injection of particles close to closed orbit
e Unbunched beam in abort gap due to pilot beam (test beam)
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3b. UFO Events
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3b. UFO Events

10 - Beam Dump —g,

12 144 144

l | | :]2_" i

144 144 144 l-ﬂ--'-'l- l-ﬂ--'-'l- 144

T2
. 'lr‘-“ . L 'lr‘-“

smplitude in my

T T T T T T T T T T T
160 180 00 220
arrival Time in ps
Zoom
Beam dump
36 himnchias i
I

e Clear bunch structure visible i 2
e Beam losses in each bunch 1
— Predicted by simulations g | ‘ ‘ H
e Additional losses during beam o] ’ J H lh
dump iw mdﬂuﬂ1m %wﬁﬁ%wmwm#

:'1:' T34 733
Arrteal Tirres m ps

18/12/2012 Application of Diamond Based Beam Loss Monitors 15



| 1R Bapiy
| thirwgineg T |

-
S [T

",

;l:-u'\ll'\ﬂlj TH#ITTS el

3c. Beam Dump

Beam losses during beam dump
Gaussian loss profile

— Typical width: o= 50-60 ns
Reason:

— particles in the abort gap (unbunched beam)

— Rise time of kicker magnet for extracting
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tragectory tragectory up Lo
up o 3ps after || &0ns after MED
EED stan start
18/12/2012

R? 10 | — ComestctDurmp Kicos Pagest | il =
I A
' P
] .I.l'I
i !
3 7
1 /!
23 Abort
X | gap
" 0 107 = e ] 1 '
- Eur Time baps
1 [— BeamDump
10 5
>
2
2 -
0] - 2
-2 T T T T 1
ﬂ MHD -200 -100 0 100 200
Hﬂ| Arrival Time in ns
beart duig ed Beam Loss

16



4. Measurements of Beam Losses with
sCVD Sensors
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4a. Abort Gap Measurement

e Abort gap monitor is BSRA (in IR4) that is based on synchrotron light
— BSRA for B2 had a broken mirror => additional monitor is required
e Two sCVD are installed in IR4
— Providing arrival time histograms filled over 10s

— Rates of B2 are visible (large rates) Proton run with 50ns spacing

P4 Right | 17.08.2012 18:21:40  h_time 5
— Rates of B1 are visible (small rates) £ Eniries 3597956
— Particle free gate is visible E “
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4a. Abort Gap Measurement

Abort gap monitoring
with sCVD diamond and
BSRA during gas injection

— Higher beam loss
rates

Control sample of B2
during gas injection

— good agreement with

gas pressure

Abort gap cleaning
BSRA rates decreases
(18%)
Normalized diamond
rates decrease (fit)
(13%)
Very low statistic for
diamond
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4b. Abort Gap Cleaning during 25ns Run

e sCVD diamond rates during 25ns run from IR8

e LHC injection structure of 25ns run is visible

e Beam losses in abort gap due to abort gap cleaning
— Secondary particles crossing collimators in IR8

Proton run with 25ns spacing
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5. Conclusion
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5. Conclusion

e (Observation of beam losses with ns time resolution

1.
2.

Bunch-by-bunch beam loss analysis
25ns structure is visible

e Beam loss observation

1.

Scattering process between proton and dust particle => UFO
» Gaussian loss profile

» Fill pattern can be observed => losses appear in each bunch
Beam losses during injection and beam dump

» before injection: unbunched beam in abort gap

» during beam dump: unbunched beam in abort gap

e Abort gap measurements

1.
2.

Control sample (rates of B2) show agreement with gas pressure
After abort gap cleaning less particles in abort gap

» BSRA rate decreases

» Normalized diamond rates decrease (fit)

» Very low statistic => moving the diamond to get higher statistic

Beam losses due to abort gap cleaning are visible in IR8 because of
collimators
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6b. UFO Events

e Observation of UFO with diamond sensor
e Two events after each other

 Small losses, no beam dump

e Time resolution: 1ns

Fy

. . rigoer
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