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The first look on
the quench test results

Mariusz Sapinski BE/BI

for all the people participating in quench tests
and now in analysis

LHC Machine Committee, 2013/03/27



Outlook

. Beam induced quenches.
. Quench tests 2013: planning and execution.

. Steady-state dispersion suppressor test.

. Influence of loss pattern.

. Millisecond-timescale test.
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1
2
3
4. Steady-state with orbital bump test.
5
6
7

. Q6 test.
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Beam induced quenches

Table 1: List of beam-induced quenches

No date beam energy loss duration  quenched location
[TeV] [s] magnet
1 2008.08.09 0.45 ~ 107 MB 8L3
2 2008.09.07 0.45 ~ 1079 MB 10R2
3 2009.11.20 0.45 ~ 107 MB 1216
4 2009.12.04 0.45 ~ 1079 MB 15R2
5  2010.04.18 0.45 ~ 107 MB+ 20R1
6 2010.10.06 0.45 1 MQ 14R2
7 2010.10.06 0.45 1 MQ 14R2
8 2010.10.06 0.45 1 MB 14R2  First quench test campaign
9  2010.10.17 3.5 6 MQ 14R2
10 2010.11.01 3.5 10 —40~% MBRB (4.5K) 5L4
11 2011.04.17 0.45 1S MB+ P8
12 2011.07.04 0.45 1S MB 14R2
13 2011.07.28 0.45 1S MQXB+ 1P2
14 2013.02.15 045/6 Tev 1077 MQM (4.5 K) 6L8
I 15 2013.02.16 4.0 102 MQ li] Second quench test campaign
16 2013.02.16 4.0 2(0) MO 121.6
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Planning: cover various loss durations

1. During 2012 in frame of Quench Test Strategy WG various scenarios of

guench tests were discussed.

2. Five tests were finally proposed:

Steady-state dispersion

suppressor with ions (not done!)

m’ I T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIII| T T T IIII| T T IIII:
5 © [MQquenchimit % jTeadesm*e /) S‘rer:ldyl-)sfal‘re
S el S ispersion with orbita
E 10 | —— 450 GeV IS suppressor with bump
.E - | —— 4 TeV & protons —
j - _
L - -
3]
-
S 107 = 20mW/cc  —=
© - UFO-timescale a
B losses |
hs-losses for i b 7
Ebeam>4 TeV 10— R -
(async.beam dump) [ =
? 1 1 I6II-I‘I-I?VI 11 IIIII| 1 1 1 IIIII| 1 I": I;QIII;° llI 1 I‘:;;w;hﬁnilmmh“[;lwal 1 IIIII| 1 1 1 III;
107 107 107 102 107" 1 10 10

time [s]
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Thu

Fri

start
8:00
9:00

13:00
14:00

16:00
17:00
19:00
21:00
23:00

1:00

2:00

4:00
9:00

11:00

14:00
20:00

1:00
4:00
8:00

stop
9:00
13:00

14:00
16:00

17:00
19:00
21:00
23:00
1:00
2:00
4:00

9:00
11:00

14:00

20:00
1:00

4:00
8:00
11:00

duration  task

How it really was

1:00 Dump, rampdown
4:00 Proton collimation, ramp 1 (ADT set-up) - done OK

1:00 Ramp down
2:00 Proton collimation, ramp 2 (500 kW) - to be repeated

1:00 Ramp down

2:00 Pre-cycle

2:00 Proton collimation, ramp 3 (500 kW, 2-3 sec)

2:00 Ramp down, thresholds tuning, ADT firmware upgrade
2:00 Proton collimation, ramp 4 (750 kW)

1:00 Ramp down, recomputing thresholds

2:00 Proton collimation, ramp 5 (1 MW)

5:00 Quench recovery pre-cycle
2:00Q6 injection

3:00 Quench recovery and pre-cycle, another ACCESS if required

6:00 ADT fast losses (large, so can take second ramp if required)
5:00 Quench recovery and pre-cycle

3:00 Orbit bump steady state, 1 ramp

4:00 Buffer for reality vs. optimism
3:00 Buffer for limits IPQ

One of the last versions of dynamic planning by Jan Uythoven

Could be as early as 04:00

ADT firmware change, if needed
Max 1 train of 144

Installation scope for Q6 test, takes
45 min

Max 1 train of 144

Max 2 trains of 144

Installation for fast losses, 2 hours ?
BLMs changes not required

Installation, if not done, takes 2
hours

BLMs modified for ADT fast losses
test

BLMs modified for Orbit bump test.

uIMpnT JiwoJp [ Aq 040yd
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Thu

Fri

Sat

8:00
9:00

13:00
14:00

16:00
17:00
19:00
21:00
23:00

1:00

2:00

4:00
9:00

11:00

14:00
20:00

1:00
4:00
8:00

9:00
13:00

14:00
16:00

17:00
19:00
21:00
23:00
1:00
2:00
4:00

9:00
11:00

14:00

20:00
1:00

4:00
8:00
11:00

How i1t was

duration task

1:00 Dump, rampdown
4:00 Proton collimation, ramp 1 (ADT set-up) - done OK

1:00 Ramp down
2:00 Proton collimation, ramp 2 (500 kW) - to be repeated

1:00 Ramp down

2:00 Pre-cycle

2:00 Proton collimation, ramp 3 (500 kW, 2-3 sec)

2:00 Ramp down, thresholds tuning, ADT firmware upgrade
2:00 Proton collimation, ramp 4 (750 kW)

1:00 Ramp down, recomputing thresholds

2:00 Proton collimation, ramp 5 (1 MW)

5:00 Quench recovery pre-cycle

2:00 Q6 injection

3:00 Quench recovery and pre-cycle, another ACCESS if required

6:00 ADT fast losses (large, so can take second ramp if required)

5:00 Quench recovery and pre-cycle

3:00 Orbit bump steady state, 1 ramp
4:00 Buffer for reality vs. optimism
3:00 Buffer for limits IPQ

1qQv

1qvy 1Qv

Could be as early as 04:00

ADT firmware change, if needed

Max 1 train of 144

Installation scope for Q6 test, takes
45 min

Max 1 train of 144

Max 2 trains of 144

Installation for fast losses, 2 hours ?

BLMs changes not required
Installation, if not done, takes 2 hours

BLMs modified for ADT fast losses
test

BLMs modified for Orbit bump test.

Special thanks to the people who were (sometimes always) there: Daniels (Valuch and Wollman),
Bernd, Wolfgang (Hofle and Bartman), Tobias, Stefano, Belen, Agnieszka, Eduardo, Barbara,
Rudiger, Markus, Matteo, Mateusz, Jaromir, Arjan , OP team and many others (also supporters)!

6
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Steady-state dispersion suppressor with protons

LHC Collimlation

x

Project

First results on proton
collimation quench test

B.Salvachua R Bruce, S.Redaelli and D.Wollmann

Collimation Group: M.Cauchi, D.Deboy, L.Lari, D.Mirarchi,
E.Quaranta and G.Valentino
MP team: R.Schmidt, M. Zerlauth
BELM team: E.Nebot, M.Sapinski, E.B.Holzer
ADT team: W.Hofle and D.Valuch
OP team: |.Wenninger, D.Jacquet

Collimation WG, 25th March 2013
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Losses [K'W]

10*
10°
10°
10
1
10!
107
10
10*
10”
109
107

Losses in DS IR7

CERM

1.05SMW in IR7! \ Last ramp (out of 3 for actual test)

CIKWmQ8

19400 19600

| I I I | [ [ I\ | I [ Cﬂlh I II

— collimator
— Warm

"""""""""""""""""""" ~ Special

19800 20000 20400 20600
s [m]

BLMQI.08L7.B2110_MQ = 0.0108252160 Gy/s

&
™~

7z

800 m
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Steady-state dispersion suppressor with protons

L L Onrmd L
W Project
|

@\ Comparison to 201 | quench tests

BCTFR from Post Mortem
1200|||||||||||||||||||‘||||||||||| Better control of the
B | blow= ith the ADT:
- 2013 Ramp 1 (1.3 MJ) S
1000 — 013 Raitip 2 (3.2 M) i — for the same peak loss rate
|§| -~ —2013 Ramp 3 (5.8 MJ) —  (~500kW), in 201 | with the tune
B resonance mechanism the rise
iBOO __—FZOIIRHTHPZ(O.GMJ) ................................................. - time was | second while for the
m B 2011 Ramp 3 (0.4 M1J) ADT could be tuned to 5
& 600 |— seconds. This is important
. ~ —| especial for the target power loss
u - I\ of MW, the TSI team requested
% A0 g f —1  to have a smooth increase of the
Ay B HE losses
200 :_ ................................................................................ T S0 A S
NN RRERE N IAJ_I) RE.ITIP | 520 kW

0 5 10 15 20 Ramp 2 | 650 kW
Time [sec] Ramp 3 | 1050 kW

Collimation WG - 25th March - Belen Salvachua
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Achieved quench limits

LT O md L

Praject

CERN

Thanks a lot to Eduardo for all the cross-checks!
BLM thresholds were changed during the test, the table bellow shows the measured losses in Q8 and

the BLM threshold during the test
RS09=13s RSI0=52s
Ramp 3: ~IMW BLM | Threshold [.., -* 51::1:1 BLM/ | BLM |Threshold |, 51;1:1 BLM/
Gyl | Gysl [T Tor | Thresh | Gy | Gyl |7 "o | Thresh
BLMQLOSL7B2I10 MQ | 1.08E-02 | 0035 75 03 |s42E03| 0035 21 024
BLMQIOSL7 B2120 MQ | 381E-03 | 0019 3 02 |287E03|690E03| 25 042

Taking now the assumed quench limit for each monitor the table bellow shows the achieved quench
limit for RS over 1.3 sec and 5.2sec

RS09=13s RS510=52s
Ramp 3: ~IMW BLM Assumed R““‘::LM BLM Assamed R’"‘:BBLM
Measurement Limit Measurement Limmit
ST Quench 0 Quench ch
[Gy/] [Gyis] . . [Gy/l [Gy/s] . .
Limit Limit |
BILMQI 0817 B2110_MQ 1.08E-02 4 65E-03 23 f 8 42E-03 167E-03 5.1
BIMQI08L7 B2120_MQ 3B81E-03 6.40E-03 0.6 l 2 87E-03 220E-03 L3

Collimation WG - 25th March - Belen Salvachua

No
quench!

10
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Plots courtesy Agnieszka Preiebe

Beam1

_/

B1E10_MQ

B1EZ0_MGQ B1E30_MG

0.0025

o
a8
(3]

0.0015]

0.007

0.0005)

; T —— i = == B Beam2
: B2130_MG : - B220_MQ | | B2HO_MQ ; | i —
BZ110_MBE E2F2_MQ BE2i21_WMQ i BE2120_KQ B2132_ME BZ31_ME BAI0_MBE
: ; . 16171.7373 : : | dcum i)
© o 16167.2923 ' | 16171.2923 | 161737923 ; |
— 16165.2923 16168.502 16170.3823 161724923 16174.972 16176.2923 16178.2923
(%2}
2 RS10 (5.2s
;“”“5 4TeVE2H, 16022011 Damam | BLM BLMQI.08L7.B2120 MQ | BLMQI.12L6.B2120_MQ
O g0 [
%) _ . _ - — ;
x pos2  posi Signal 2.87 mGy/s 2.36 mGy/s
E E Spacial _luss evolution
g b for maximum loss Threshold 2.29 mGy/s
[ -
= C
Zoams- SIT 1.3 1.03
m C
- no quench quench
- (as expected!)
I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 T T

&n

=4 -2 8] 2 4
z with respect to MQ.12L6 [m]

=]

Loss scenario has an important impact on
guench level as seen in BLMs.
11
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Why is that?

We will need FLUKA/Geant4 simulations to understand this in details
but...
CERN-LHC-Project-Note-422 (2009), MB case:

5
(‘E 6510 _:900 'E- 1ﬂ_| L e a
3 F horizontal loss £ 3 r 1
E 5— .. - o = [ thresholds on MB magnet at 7 TeV as a function of loss scale 7
R collision energy 5. = o 8 -
W - v [ . .
- — [=]
4 = 600 -E’ = 6 = D=7.02 -6.45 exp(-a,,.) |
I . . - = o —
. Pointlike losses  “so0z £ 1
3 1 = Cpeam = 1 MM ]
- —la00 o eam
C . 4— =
2— —j300 i i
: 200 L |
11— 3 2 l i
— —|100 L -
- | ' e E nd ! ! ! \ | | L
0% 1 2 3 g % 1 2 3 4 6
distance from loss [m] loss scale g __ [m]
Threshold=QL*BLMsignal / E, *' When we smear the loss the amplitude of thinner

distribution decreases faster than thicker one.

So more distributed losses lead to higher BLM signal at quench.

12
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BLM signal [Gy/s]

0.0025

0.002

0.0015

0.001

0.0005

Steady-state with orbital bump (and ADT)

EILMAGH, 1305 E1E0_MG_PiG | LCEE_REns
FILAMVALTILA IET 1N P:LEYSS_ PSR
ALUSLTZLE B30 WG MO:LOSS RSOE
ELMAMLTILA B3 NG MGeLOSE RSl

ALAMALTZLA AT N BAGeLOISS Psea
EILAREL L B Wy P LETSE Fodine
EILAAMLTLS B M MG:LOSE RSl
EILMCILA2LE EH0_WG_Mig I LOSE_RENS
EILMMLITLG AR _NE_MG LSS _RE0S
ILARALTILA MEEN N O:LEYRS PSR
EILARML 1318 B MBS LTSS R
ALUSLTILE B2iET WG MO:LOSS RS0s
BLMSLTAEEIEIS MG WeLOSs REw
= = BLMGLIAG BIEX MG WELOSS R
- - BLMOLAZLE BIER]_MQ_ WL 065_REE

ADT+constant
orbital bump

The loss rate obtained during
this quench exercise was very
flat and lasted about 20s!

For comparison, in 2010:

20 30
Arbitrary time [s]

Plots courtesy Agnieszka Priebe

13
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UFO-timescale quench test

It was a complex test, never done before:

* Inject and ramp 10 bunches (to have multiple attempts).

« Single bunch was first scraped by vertical blow to intensities < 10%p
(special collimators setting).

» Horizontal orbital bump was created in Q12L6.

* Bunch was excited in horizontal plane by MKQ kick and then by ADT

working in sign flip mode (anti-damping). Scheme originally

proposed by Wolfgang
* If no quench — next bunch scraped less.

Several challenges:

« for damper (ultra-low sensitivity mode: 5-107 p)
* instrumentation (measurement of intensity and emittance!)

But we were prepared (4 MDs).

14



UFO-timescale quench test

Plot by A. Prieb 6 «77-108
. S e 7 o 77 10%lostprotons
) 12| —— ;g:g;‘-gy;zg;;;gg;;bo.wup[e‘lusl —03 « fraction lost when quench started
S R n _lso0 @ e« duration: 10 ms (2-3 ms expected)
~ 10= —0.25 | S
S e N A I I 2 UFO: shorter than 1 ms
Q = - 7 N e
§ ) 8 —02 E—Bﬂﬂg * spiky loss structure
© - i o
= S 6 o 15.@‘ ‘g’ UFOs are gaussian
@ z S ECE c
& = [ 1 >0
FR Y 1 A e Zot 1 ® RS Signal | S/Quech
C - § i @
= - 1 —200E (Gyls)
NG 21— —0.05
= - 1 - 40us | 10.28 2.8
P ,_ nar 1L L] ST R DT P SR ] B __
& 0025 -0.02 -0015 -0.01 -0.005 0 0005 0.01 0 80 us 7.61 2.3
0 Time with respect to the dump [s]
320 s 2.31 1.2
: : : 2.1
For 2.56 ms (typical dump by UFO) signal is 640 ps 1.99
higher by factor 6 than expected. Potential [ 2.6 ms 1.46 6.1 ]
increase of BLM thresholds on all cold magnets! 10.2ms 0.73 12.0

15
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» According to simulations (backed up

10

by observations in especially equipped

cell) maximum energy deposit is due

to neutral particle peak.

LT

10—]. - n..-'“rll__.nu Ml /H‘ KL

|
q"n._

hn )

i
1

f neutral
¥ .
narti

l.lul LI

2 peak
7510 7512 7514 7516 7518 7520 7322 7524 7526
Distance to IP3 (m)

» Ratio of BLMsignal/E., “°" might be

- S1S9]1 youanb uo 300]| 1si14
Peak energy density (mJ/cm’) scaled to
largest UFO event measured in BLM

J2UYd27] uojuy 4o Asatunod

different than in our experiment.

* To make the analysis more sus
. | oo | |==2 s s
challenging the loss pattern during UFO = o

LZ'E0OETOC OINT

guench test seems to move from turn

to turn.
» Special MAD-X simulations started to understand the time-dependent

loss pattern (Vera Chetvertkova).

* FLUKA/Geant4 simulations also necessary
16



Q6 quench test

ol@s.I4

Slides by Chiara Bracco

0s 1SS

1% 1 1% 4§k‘|‘ LIB Iy 4 4 45
010 09 08 o) s CLIB 4 0| Injected DI ﬁs Q2 Qf

I
|MQMQTL MBA MBB MQML  MBA MBB  [MOM/C MBA MBB  MQML  MBA NBB 1 MM MQM MQY  MBRC] beam MBX DBAMQXA  MOXB  MQXA NCBW MBXW
Y=t -~ T - IT=T= BlE " ;I
HI I I I Il I I I I N IR s " T 2
[
i N 2 - i
! 201 200 L 20811 2w i || 483! Bk o551l 55 734
23 s 23 wl ki b iTe —‘ 478
14,3515 2% 48| 2% 162t 29 144 2% L1230  60m | 728 53474 128 249 128 | 945 53043 945 067
1704335 269.415

LZ°€0'ETOZ DN - smf@buandh% 30

Emittance from SPS: H ~0.5 um, V ~ 0.5 um =» impact parameter 4.5 o (full

beam intercepted)
Pilot bunch 6-6.5e10p+ (probe beam limit increased to 1E11p+)
Q6.L8 Current steps: 1000 A, 1500 A, 2000 A and 2500A (~ 6 TeV) = Quench!

Fluka studies ongoing, will give us very good quench limit at 6 TeV

17



Conclusions

1. Quench Analysis WG has been established (April 9t — first meeting).

% 2. It will bring together:

§ FLUKA/Geant4 simulations

§  MAD-X/Sixtrack simulations

; * QP3 simulations

U-: » detailed data analysis

é « extrapolation to 7 TeV.

g 3. Significant dependence of BLM threshold on assumed loss scenario

(possible increase of BLM thresholds in dispersion suppressor regions).
4. Larger than expected quench limit for UFO-timescale losses

(possible increase of BLM thresholds on all cold magnets).

18



Extra slides

First look on quench tests - LMC 2013.03.27

19



ADT loss shape

time = 1507

T
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ADT loss shape

time = 1508
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ADT loss shape

time = 1509
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