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INTRODUCTION

The LHC superconducting magnets protection

Beam Loss Monitoring System
(BLM)

Based on ionization chambers located
outside the magnet cryostats

Measures radiation dose of secondary
particle shower

If a threshold value is exceeded, the beam
dump is triggered

The beam can be extracted from the
accelerator before quenching occurs
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Quench Protection System

(QPS)

Based on voltage measurements between
two parts of superconducting coils

If the voltage difference exceeds
100 mV for a time longer than 10 ms, the
qguench heaters are fired to dissipate the
energy stored in the magnetic field over
the whole volume of the coil

The system reacts when a resistive
volume is already developed
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BEAM LOSS MONITORING SYSTEM (BLM)

o Each LHC arc Main Quadrupole is equipped with 6

monitors (3 per beam)

o Thresholds are set with correspondence to current
knowledge on the quench limit

(particle energy, loss duration)

o A precise correlation between energy deposited
inside the superconducting coils and BLM signals is

required for a proper threshold estimation

Beam 2
-—

Beam 1

-BLM
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QUENCH TESTS OVERVIEW

o Fast Losses QT (injection & dump = single turn)

_No_| __Quenching magnet Energy [TeV]

© 00 N O o b~ W DN P

=
o

MB.ASL3 0.45
MB.B10R2 0.45 B1V
MB.A12L6 0.45 B1H
MB.A15R2 0.45 B1V
MB.A20R1+others 0.45 B1H
MQ.14R2 0.45 B2V
MQ.14R2 0.45 B2V
MQ.14R2 0.45 B1H
MBRB (RD4.L4) 3.50 B2
MQ.14R2 0.45 B1H

o Stead State QT (with circulating beam
Quenching magnet

MQ.14R2 3.50

9.08.2008
7.09.2008
20.11.2009
4.12.2009
18.04.2010
6.10.2010
6.10.2010
6.10.2010
1.11.2010
3.07.2011

17.10.2010

There were also other Quench Tests but unsuccessful (no quench)
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QUENCH TESTS OVERVIEW

o Fast Losses QT (injection & dump = single turn)

_No_| __Quenching magnet Energy [TeV]

1 MB.A8L3 0.45 9.08.2008
2 MB.B10R2 0.45 B1vV 7.09.2008
3 MB.A12L6 0.45 B1H 20.11.2009
4 MB.A15R2 0.45 B1vV 4.12.2009
5 MB.A20R1+others 0.45 B1H 18.04.2010
6 MQ.14R2 0.45 B2V 6.10.2010
7 MQ.14R2 0.45 B2V 6.10.2010
8 MQ.14R2 0.45 B1H 6.10.2010
9 MBRB (RD4.L4) 3.50 B2 1.11.2010
10 MQ.14R2 0.45 B1H 3.07.2011

o Fast Losses QT (circulating beam)

Quenching magnet Energy [TeV] 7
=2

o Stead State QT (with circulating beam
Quenching magnet

MQ.14R2 17.10.2010
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BLM signal [Gy/s]

QUENCH THRESHOLD OF BLM SYSTEM

M.Sapinski, “Proposal for Beam Induced Quench
Tests at the end of 2013 run”, LMC 154, 24.10.2012

Beam induced quenches

O

Quench Test or losses
which established lower
limit for quench level

" Measurements to be done
) in 2012/13, important for
LHC after LS1

MB, MQ, BLM signal at quench
injection
10 IIII| I 1 IIIIII| I 1 IIIIII| I 1 II|III| 1 1 II|III| IIII| I'l'g
BLM electronic limit — 450 Gev E
b= =
unl " —
w ™

1 l
- MB,MQ g
107 = -
- MBRB :
2 (wire ]
10 £ scanner) 3
- ion coll -
al proton coll 7
10 ;IIII' 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| IIII| 11 {Bt_lilj_lll_-)l} 11 IIl:

10*  10° 107 10" 1

loss d[IJPation [s]

Quench Test are important to revise currently applied models of quench limits

<

Increase of the LHC efficiency = reduction of false beam dumps
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STEADY STATE QUENCH TEST - EXPERIMENT
o Performed on 17 October 2010

o Energy: 3.5 TeV
o Beam: 2
o Plane: vertical

o No of lost protons: 1.1-1010

o Loss duration: 5.6 s

o Circulating beam

»
. M . <—— Region of the quenched MQ
o Cell: 14R2 = g a
L 50
=
// \\ Ig. 3
,I \\ m
/ 5 § ] External BLMs
{/// \\\ ﬁ
: - -
o
71 [ :
> - =
L7 MQy.q MQyy. . \ ll-:l Internal BLMs

«— €« . .
_____________________ Sy Collimator region ——>

MQu- : MOn:2 0 5000 10000 15000 20000
3-corrector orbital bump dcum [m]

25000
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STEADY STATE QUENCH TEST - EXPERIMENT

BLM threshold RS01 (40us) = 4.68 Gy/s

BLM & QPS (Quench Test at 3.5 TeV)
—BLMQL14R2.B2E20 MQ —+MQ.LOC:U QS0 EXT -+MQ.LOC:U HDS 1

0.035
0.03 M ; :l - -0.01

|
— Voltage on the coil
@ 0025 _‘\ 0,06
o —
E Voltage on the quench heater BLM -
— 002 —
= L
= l 0.11 %
— o
= 0015 L] |
E - 016 =
M 001 +— .
S - 0,21
0.00 ] Volfage drop of ~ 160 mV A
oltage drop of = m
— qguench heaters are triggered
0 . . . 0,26
08 0.6 04 0.2 0 T

Relative time [s] | Saturation below 250 mV |

o BLM monitor factors increased by a factor of 3 to permit the quench

o Real quench: the beam dump triggered by the QPS
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STEADY STATE QUENCH TEST — SIMULATIONS

o Geant4 simulations

! External BLMs

o The LHC halfcell: C14R2

Internal BLMs .
Bl

o Detailed magnet representation

o Long pseudo-monitors

o Impacting angle: 202 prad

- OBJECTIVE:
o 71 point like losses — flexibility Best fitting loss scenario

o Correlation: E4, = f(BLM)
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STEADY STATE QUENCH TEST — SIMULATIONS

How to find the best agreement between simulations and experimental data?

Simulation-experiment similarity estimator:

6
:'T?-OT'T?I- o
Hor, 0

1=1

BLM;"" simulated signal of i-th BLM

BL*’”ij? measured signal of i-th BLM

raim » rerpy 2
BLM#"™ — BLM 04
BLM;™

2.2
Looking for: minimum
Eis
&
.. _ 0_1 6
Optimized parameters: :

1.4

2om = 1.12
1.2

U =1(0.4£0.1) m

z[m]

Asymmetrical Gaussian

Oyight = (1.54£0.15) m

cyright [m]

> Oyight > Ojer (reasonable due to the impact of magnetic field)

> = 1% (0.05 m?) of the map is characterized by %,,,<1.15

I1.7

1.6
1.5

1.4

1.3

1.2

0.
Ojert = (1.40£0.14) m %.8 12 14 16 18 2 22 24 26
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STEADY STATE QUENCH TEST — SIMULATIONS

Integrated loss pattern (no time evolution) over 6 s
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installed before the next QT

Optimized three free parameters:

g=04m

Opight = 1.54 m

Ot = 1.40 M

5o =112

r =0.9978

exp,sim

Max of E, at the end of MQ

The highest number of secondary particles in

the interconnection region (MB-SSS)
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PLANS FOR THE FUTURE

o Inthe LHC, UFOs are the Undefined Falling Objects

o UFQOs are expected to be a major luminosity limitation in

the future

e
o UFQOs rate increases with the beam energy i\(i\(i\{*
%ﬁﬁ Yoe W

o BLM thresholds should be increased tg(‘( i‘(@

avoid undesirable beam dumps OAEDAGA¢

i%i\\?i%** UFO’s properties

~ Temporal loss distribution has

Gaussian shape

. Loss duration in order of @

milliseconds
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PLANS FOR THE FUTURE

Fast Losses Quench Test —the end of LHC run 2013

o Preparations: 2 MDs — ADT Fast Losses Test and the ADT combined with MKQ Fast

Losses Test

o Loss duration: = 1 ms

o Beam: 2, horizontal (based on MD results, UFO loss orientation, machine protection)

o Cell: 12L6

(0 Challenges: beam intensity (below 2-10° protons the beam is not seen by many systems, models predict that

quench should occur with =108)

- -~ MQpyy MOQpes .~ \
| /’ “
1

/O

MKQ
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SUMMARY

Quench Tests
are very
iImportant for

my PhD

... but seriously ...
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SUMMARY

Quench Tests are extremely important to estimate the quench levels and
update existing thresholds for fast and steady state losses.

Accurate thresholds are needed to combine a safe machine operation
with a reduction of undesired beam dumps.

Fast Losses Quench Test will allow better understanding of UFO-like
losses which are expected to be a major luminosity limitation of the LHC
after LS1.

Geant4 simulations show good agreement with experimental data. The
integrated over time loss pattern was presented. An analysis of loss time
evolution is ongoing.
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THANK YOU FOR YOU ATTENTION !

Questions?
Comments?

Remarks?
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STEADY STATE QUENCH TEST — SIMULATIONS

How to find the best correlation between simulations and experimental data?

Simulation-experiment similarity estimator

6 - ,
BLﬂ[Hm — BLJlerp
oo =2\ T o
o =1 BLJ[;SNT!

Looking for: minimum

Correlation coefficient

S (BLM™ — BLM,,,) (BLM{™ — BLM.,,)

FBLMezp,BLM 50, — S 2
\/ S (BLM™ — BLM )™ S5, (BLM{™ — BLM,,,)

Looking for: maximum

(value the closest to 1)
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STEADY STATE QUENCH TEST — SIMULATIONS

How to find the best correlation between simulations and experimental data?

Results based on 2, estimation

5 om =112

Qi 24

Fexp,sim = 0-998 22

2

1.8

cerR [ITI]

p=04m

K
1.6

Oright = 1.54 m

1.2

Oecrt = 1.4 M !

0.8

0.8

5. =1.22
Fexp.sim = 0-999

0.98

0.96

cleR [m]

u=0.9m

0.94

Oright = 1.05m

O = 1.68 M

oo by b B v B b
18 2

1.8 2

Sight [m] O ight [m]

Both factors indicate that the loss occurred inside the MQ with

Ojight = (1.3£0.4) m and Oy = (1.5+0.2) m
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STEADY STATE QUENCH TEST — SIMULATIONS

Integrated loss pattern (no time evolution) over 6 s
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Optimized three free parameters:
p=04m
S om=1.12
Oright = 1.94 m
Fexpsim = 0.9978
Ocr = 1.40m

Max of E,, at the end of MQ

The highest number of secondary particles in

the interconnection region (MB-SSS)
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STEADY STATE QUENCH TEST — SIMULATIONS

Integrated loss pattern (no time evolution) over 6 s
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Max of E,, at the end of MQ

The highest number of secondary particles in

the interconnection region (MB-SSS)
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Edep [mJ cm™ per proton]

Intensity

STEADY STATE QUENCH TEST — QUENCH LEVEL

10 p0 0.000136
. p1 22.8
N p2 -2.99
| .
107 —
C —.‘wﬁ
,—.‘x*..—<
w=040 m,\:r"‘lm =1.54m, 0., =140 m, Zypm = 1.12, rslm‘w =0.998 e
10-3 Lol b e b b b b e L I

28 30 32 34 36 38
r [mm]

40 42 44

@@ @@ @@ (@7 s

e e e AR e O N XN X o -

Beam intensity (Quench test at 3.5 TeV)

2,00E+10
1.80E+10 Y e - riableytyperen u
1L60E+10 -
Beam lost on the magnet (MQ)
140E+10 e . .
= 58% of initial beam intensity <
1,20E+10 4| (1.85:101° protons) in = 5.6s
1,00E+10
8.00E+09 >
6.00E+09
. Dumped beam | Moment of
00E+03 < the beam dump
2,00E+09 \
\ |
0,00E+00 r T T T
-30 25 20 -15 -10 5 0

Relative time [s]

Radial energy distribution and loss distribution in time are

two main inputs to QP3 heat transfer code

Power law function
Eaep = po (r — p1)"
r — radius of the coil
Po: P1, P, — fit parameters
The LHC MQ cables consist of two layers, each with

18 strands.

Average energy needed to guench the magnet:

Geant4 QP3 Ratio
1.62 0.54 3

This difference can be partly explained by the different

meaning of quench limit for Geant4 and QP3.
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FAST LOSSES QUENCH TEST PREPARATION

Wire Scanner Quench Test (1.11.2010)

- 3 — — — 0.3
s o Quench on MBRB magnet after 10 ms
% )

3 [|— oesvorage Robust method (3.5 TeV)

= Quench Heaters

Good agreement between FLUKA

||||||/$7||'
QPh;voltage[V]

1 0.1
—— Quench simulations and experiment
0 — 0
10 ms | Method suspended
_-0.|03 — -0.|05 — -0.04 — -0.|02 — tlt t['l [s]
M.Sapinski et al., “Quench Test Strategy cume MBRB operates at4.5K
WG - Introduction”, QTSWG, 16.03.2012
No good spare magnet in the case of
10 - - - - damage
- )

= i i
MQY MEBERB -—
| B [ |
lig ] { L

A new method needed for
UFO-timescale losses studies

Dy (mGy)

Measurement —e—
FLUKA —#

=135 =130 =125 =120
Courtesy of A.Lechner Distance to [P4 {m)
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FAST LOSSES QUENCH TEST PREPARATION

Wire Scanner Quench Test (1.11.2010)

7 3 —10-3 s BLM & QPS (Quench Test at 3.5 TeV)
=S _
e i §= —BLMQL14R2.B2E20 MQ -+MQLOC:U Q80 EXT -+MQ.LOC:U HDS 1
% | | — BLM signal - E 0,035 | . . .
2 L[ o2 @ l-..m.-.-m--4-|---J---«-----—+-—-—--‘-—-!vil 001
2 B 4 o 0.03 TI -0,
@ | |—— QPS voltage \
= —_ | Voltage on the coil |
B | = 0,025 L 0,06
[ | == Quench Heaters = -\ —_—
1H —0.1 &) | Voltage on the quench heater | ‘ BLM | -
= = o002 sl
7 = o O
| —— Quench i En 172)
B | = 0,015 il OJI
o e 0 E 016 =
10 ms - @ 001 R
C 11 ST ] . L
-0.08 -0.06 -0.04 -0.02 ot 0 [s] 0.005 T e — e ‘ﬂr_J 021
“Ldu oltage drop of = m T
M.Sapinski et al., “Quench Test Strategy dume — quench heaters are triggered L
WG - Introduction”, QTSWG, 16.03.2012 0 ' ' ' T 0.26
1 08 06 04 02 0
Relative time [s] | Saturation below 250 mV |
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FAST LOSSES QUENCH TEST PREPARATION

ADT fast losses test (22.06.2012) results compared to Wire Scanner OT and UFOs

AOT, ¥ TeV, BZH, Z0712-06-22 13:09:38 BUMELDOSHT. BZA0_TCP.CBHT
—I— WS{XE) 3§Te\l' B2H, 2010-11-01 15:40:02 BLMEL05L4.82E10 MBRE
{ ), 4 TBV B2, 2012-05-13 15:03:20 BLMQI. 32L2.B2I20
Q(x2), 4 TeV, BI 2012-08-03 06:28:57 BLMEL05L2.B1E20_MKLC5L2
he— — UFD{XSO) 3.5 TeV, B2, 2010-08-23 13:50:35 BLMQI.22R3.82E10 MG

ADT, 4 TeV, BzH, 2012-06-22 13:09:48 BLMEL06R7.B2110_TCP.C8R7
UFO (x20), 4 TeV, B2, 2012-05-13 15:03:20 BLMQL321.2.82120_MQ

UFO (x2), 4 TeV, B1, 2012-08-03 06:26:57 BLMEL0SL2 B1E20_MKI.C5L2
———+———  UF0 (x50}, 3.5 TeV, B2, 2010-08-23 13:50:33 BLMGL.22R3 B2E10_MQ

FO induced
ADT induced losses losses
WS induced losses

AR T T TN T T T [N TS T T [N T N A (L IR AT ||\.......M...J/m..lw.uu

-0.05 -0.04 -0.03 -0.02 -0.01 -(?008 -0.007 -0.006 -0.005 -0.004 -0.003 -0.002 -0.001 0 0.001
Relative time [s] Relative time [s]

ADT +MKQ fast losses test (12.10.2012) results compared to ADT fast losses test and UFOs

BLM signal [Gy/s]
(]

N

BLM signal [Gy/s]
W
T | T T | T T | ITTT | T T |

£ E Conclusions
! 3 E The ADT sign flip method provides losses in
e E the order of 7-8 ms
10‘;— —; . . .
A combination of the ADT with the MKQ
e ADT+MKQ E (tune kicker) allows 3-ms loss induction
U'_.Olﬁﬁ I (I]'.Olsﬁl ‘ IU.:]? - (I]'.ﬂ|72l I 0.074 I (I]'.O‘TGI I [I].Ol'fsl -

. . . time from start of PM buffer [s]
M.Sapinski et al., “UFO timescale quench

test preparation”, LSWG, 26.10.2012
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