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» At what locations are the beam loss rates highest

 Prediction for the planned intensity and luminosity in 2011 for protons and ions
» At what locations are the limiting thresholds
« To what extend do we need an increase of thresholds and at what elements

» Threshold changes that were applied in 2010 for monitors in
IP 2,3,6,7,8 for losses at collimators and for losses during injection and dump

e Losses at and around collimators
Correlations between collimator movements, vacuum and beam losses
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What are the critical locations?

Use offset corrected integrated dose Mean Offset Level in L1 (RS09)
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Integrated Dose Rate For Different Proton Fills

Integrated dose rate for the full ring for different nr. of bunches per beam
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@ Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR1)

Distribution in L1 Distribution in R1
Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344 Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348 15 344
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@ Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR2)

Distribution in IR2 for Protons Distribution in IR2 for lons
Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344 Dose [mGy] per Integrated Lumi Unit for lon Fills with 121b/beam: 500ns_121_113_114_0
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Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR3)

Distribution in IR3 for Protons Distribution in IR3 for lons
Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344 ‘ Dose [mGy] per Integrated Lumi Unit for Ion Fills with 121b/beam: 500ns_121_113_114_0
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Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR4)

Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344
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@ Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR5)

Distribution in IR5 for Protons Distribution in IR5 for lons
Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15 344 Dose [mGy] per Integrated Lumi Unit for Ton Fills with 121b/beam: 500ns_121_113_114_0
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Integrated Dose per Integrated Luminosity Unit

(

High Luminosity Fills,

IRG)

10

Dose [mGy] per Lumi Unit * 1e6

1071

Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344
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@ Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR7)

Distribution in IR7 for Protons Distribution in IR7 for lons

‘ Dose [mGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344 ‘ Dose [mGy] per Integrated Lumi Unit for Ion Fills with 121b/beam: 500ns_121_113_114_0
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@ Integrated Dose per Integrated Luminosity Unit

(High Luminosity Fills, IR8)

Dose [ImGy] per Integrated Lumi Unit * 1e6 for Fills with 368b/beam: 150ns_368_348_15_344
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@ Critical Locations during High Luminosity

Proton Fills (Full Ring)

Ratios >25:

BLMQI.06L1.B2E20 MQML 53 BLMQI.04L3.B1130 MQWA.B4L3 608
BLMQI.08L1.B1120 MQML 47 BLMQI.04L3.B2E20_MQWB.4L3 28
BLMQI.O6R1.B2110 MQML 37 BLMQI.04L3.B1120 MQWA.C4L3 25
BLMQI.0O3R2.B2E20 MQXA 55 BLMQI.O6L3.B2E30_MQTL 96
BLMQI.11L4.B1110 MQ 27 BLMQI.O7ZL3.B2E20_MQ 34
BLMQI.08L5.B1110 MQML 50 BLMQI.0O4R3.B1110_MQWA.A4R3 25
BLMQI.O9L7.B2122 MQ 213 BLMQI.O6R3.B1I130 MQTL 28
BLMQI.11L7.B2110 MQ 29 BLMQI.O7ZR3.B2E30_MQ 523
BLMEI.O4L8.B2110 TCLIA.4LS8 38 BLMEI.O7R3.B1110 TCLA.7R3.B1 27
BLMQI.0O8R8.B2E10_MQML 28 BLMQI.11R3.B1121_MQ 47

Ratio of Integrated Lumi Unit for Proton Fills with 368 b/beam: 150ns_368_348_15_344

=T T T 7 T T
— Ratio Dose Filll453/Fill1443 (2600/1500=1.7); meas=0.44
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@ Critical Locations during High Luminosity ProtonFills:

Monitors around Collimators

Ratios >10:

BLMEI.O4L8.B2110 TCLIA.4L8 38 BLMEI.O7R3.B1110_TCLA.7R3.B1 27
BLMEI.O4L2.B1E10 TCTVB.4L?2 14 BLMEI.O4R3.B1110 TCSM.4R3.B1 13
BLMEI.O6L3.B1110 TCP.6L3.B1 15 BLMEI.OSR3.B1110_TCLA.A5R3.B1 12
BLMEI.O6L3.B1110 TCAPA.6L3.B1 15 BLMEI.04R3.B1110_TCS5G.4R3.B1 11
BLMEI.O5L3.B1110 TCSG.5L3.B1 15 BLMEI.O5R3.B1110_TCSM.A5R3.B1 11
BLMEI.O5L3.B1110 TCSM.5L3.B1 14 BLMEI.O5SR3.B1110_TCSG.B5R3.B1 11
BLMEI.O6L3.B1110 TCHSH.6L3.B1 14 BLMEI.O5R3.B1110_TCSG.A5R3.B1 11
BLMEI.O7L3.B2E10 TCLA.7L3.B2 12 BLMEI.OSR3.B1110_TCSM.B5R3.B1 11
BLMEI.O5L3.B2E10 TCLA.B5L3.B2 12 BLMEI.O6R3.B1110_TCLA.6R3.B1 10
BLMEI.O4L3.B2E10 TCSG.4L3.B2 10 BLMEI.O5R3.B1110_TCLA.B5R3.B1 10

‘ Ratio of Dose per Integrated Lumi Unit for Proton Fills with 368b/beam: 150ns_368_348_15_344
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w — Ratio Dose Fill 1450/1443 (6200/1500=4.1); meas=3.03 R
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@ Critical Locations during High Luminosity

lon Fills (Full Ring)

> -
EEIE/;EIS.llzLSl.BZE23 MBA 34 BLMEI.O4L3.B2E10_TCSM.4L3.B2 524
BLMQI.O9R1.B1E10 MQM 7135 BLMEI.O4L3.B2E10 _TCSG.4L3.B2 152
BLMQI.O8R2.B1130 _MQML 44?2 BLMQI.04L3.B1110_ MQWA.E4L3 44
BLMEI.OS5R5.B1E10_TCL.5R5.B1 33 BLMQI.O5L3.B2E30_MQWB.5L3 1345
BLMEI.O5L5.B2E10 _TCL.5L5.B2 32 BLMQI.05L3.B1120_MQWB.5L3 60
BLMEI.O4L6.B2110 TCDQM.4L6.B2 40 BLMEI.O5L3.B2E10 _TCSM.A5L3.B2 33
BLMEI.0O4L7.B1E10 _TCSM.D4L7.B1 70 BLMEI.OS5L3.B2E10_TCSG.B5L3.B2 36
BLMQI.O8L7.B2130 MQ 66 BLMEI.O6L3.B2E10 _TCLA.6L3.B2 55
BLMQI.11L7.B2110 MQ 940 BLMEI.O7L3.B2E10_TCLA.7L3.B2 79
BLMQI.04R7.B1E30 MQWA.E4R7 36 BLMEI.O4R3.B1110_TCSG.4R3.B1 28
BLMQI.04R7.B2110 MQWA.D4R7 69 BLMQI.04R3.B2E10_MQWA.E4R3 38.
BLMEI.O6R7.B1E10 TCLA.C6R7.B1 162 BLMQI.O5S5R3.B2E10_MQWA.D5R3 78
BLMQI.O9R7.B1E10 MQ 40 BLMEI.O5R3.B2E10_TCSM.5R3.B2 31
BLMQ|.08R3.81|10_MQ 32 BLMQI.O5R3.B1120 MQWA.C5R3 28
BLMQI.13R3.B1110 MQ 54 BLMQI.O5R3.B2E20_MQWB.5R3 27

BLMEI.OS5R3.B2E10_TCSG.5R3.B2 26

Ratio of Dose per Integrated Lumi Unit for Ion Fills with 121b/beam: 500ns_121 113 114 0

Ratio of Dose per Lumi Unit
=

Pt
<

=3
=

I8 HﬂJ m d; ”M h fi I ll“

500 1000 1500 2000 2500 3000 3500 4000
Number of BLMs

Annika Nordt



Critical Locations during High Luminosity

lon Fills: Monitors around Collimators

Ratios >10:

BLMEI.O4L3.B2E10 TCSM.4L3.B2 524 BLMEI.OS5R3.B2E10 TCSG.5R3.B2 26
BLMEI.O6R7.B1E10 TCLA.C6R7.B1 162 BLMEI.O4L5.B1110 TCTH.4L5.B1 24
BLMEI.O4L3.B2E10 TCSG.4L3.B2 152 BLMEI.O5L3.B2E10 TCSM.B5L3.B2 24
BLMEI.O7L3.B2E10 TCLA.7L3.B2 79 BLMEI.O4R1.B2110 TCTH.4R1.B2 24
BLMEI.O4L7.B1E10 TCSM.D4L7.B1 70 BLMEI.O5R3.B1110 TCSG.A5R3.B1 18
BLMEI.O6L3.B2E10 TCLA.6L3.B2 55 BLMEI.O5L3.B2E10 TCLA.A5L3.B2 15
BLMEI.0O4L6.B2110 TCDQM.4L6.B2 40 BLMEI.OS5R7.B1E10 TCSG.C5R7.B1 12
BLMEI.O5S5L3.B2E10 TCSG.B5L3.B2 36 BLMEI.O4L7.B1E10 TCSG.D4L7.B1 11
BLMEI.OS5R5.B1E10 TCL.5R5.B1 33 BLMEI.O4L2.B1E10 TCTVB.4L2 10
BLMEI.O5L3.B2E10 TCSM.A5L3.B2 33 BLMEI.O5R3.B1110 TCLA.B5R3.B1 10
BLMEI.O5S5L5.B2E10 TCL.5L5.B2 32 BLMEI.O5R3.B1110 TCSM.B5R3.B1 10
BLMEI.OS5R3.B2E10 TCSM.5R3.B2 31 BLMEI.O5L3.B2E10 TCLA.B5L3.B2 10

BLMEI.O4R3.B1110_TCSG.4R3.B1 28

Ratio of Dose per Integrated Lumi Unit for Collimator BLMs for Ion Fills with 121b/beam: 500ns_121 113 114 0

T ‘ T T
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\
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@ How does the Integrated Dose per Luminosity Unit

) Increase with Luminosity and Nr. of Bunches?

In most of the locations around the ring the integrated dose
is increasing linearly with increasing luminosity, if number
of bunches per beam is constant.

However comparing 312 b/beam with 368 b/beam for the
same integrated luminosity shows almost no difference

Comparing 248 b/beam with 312 b/beam for the same
luminosity shows a factor of approximately 2

Different bunch spacing shows no significant effect on
the integrated dose per integrated lumi unit.
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@ Maximum Losses & Thresholds: Critical Locations

Example Proton Fill 1450

| Max Loss During Stable Beams and Thresholds

Maximum Loss [Gy/sec]

104

T T e P R

10
Thresholds [Gy/sec]

Analysis for 'stable beam condition'
Define maximum loss during fill
Define ratio max loss/threshold (RS01-RS09)

Critical if ratio loss/threshold >=0.1
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[ Ratio Max Loss/ Thresholds |

Ratio Maximum Loss/Threshold

1

1 M
1N
1©
=

=y
=]
i

= RN
Nk i
™ 4

=
o
&

=
=)
4

© T T T T

=
=]
b

5000

10000

15000

20000

“z5000
Dcum [m]

[ Ratio Max Loss/ Thresholds |

R505

5 1 -
©° E 3
ﬁ Al b
£ 10— —— 2
= . A L N 3
SPPPT AR (R SN AN B 0.0 1
a2 M e '.’u, g 3 E
s -3 . 3
£ 107% it 3 : -
3 El
E . 3 2 §
% 10 S T —
] v El
S AT W E
£ 10° L . z
e F ow  J ™ 3
10°e ¥ v g
107 i
10 [ L L L L L M
0 5000 10000 15000 20000 25000
Dcum [m]
Ratio Max Loss/ Thresholds
Crai | RS09
- E T T T T T T 3§
S E 3
5 1L Bl
o 107 g - E|
= = - =
e LI * . i
B1E s i i3
r ¥ E
SISO R < { I T
EY % = F)d L 3 E
X S M4 ¥ 3
E 104 I M S !'Ji -ﬁ .Y RE ST, LI B
a T Ay mox S DY MRS T AR, R ) g
= Pt Bl & i %3 TS o 40 -vg 3
-f—’_, 10° " " g
g T : :
B N 7
10° A 3
3 ¥ % 3 " 3
107k % E tH v 7 g
10 L L M L L L M
0 5000 10000 15000 20000 25000
Dcum [m]




@ Maximum Losses & Thresholds: Critical Locations

| Max Loss During Stable Beams and Thresholdg RS () 1 | Max Loss During Stable Beams and Thresholdd RS (6
% 1l i n g 10k e
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@ Maximum Losses & Thresholds: Critical Locations

| BLMQI.03L8.B2130_MQXA |
— 4
E"] : | . %  Loss [Gy'sec]
‘21 ﬂs .- ........................................ \ ....................................... ................ . Applladfhmhnld[ﬁyfsec] ..... \ .....
E 2 _________________________________________________________________________________________________ ¥ Raoos | G
© 10 3 Ratho Loss/Threshold
Z
107
10
10+
10
10°
107 1
-4 -3 2 1
10 10 10 10 Time [5;1:]

Define margin between highest loss and threshold for each RS and each family
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@ Thresholds: Critical Locations During Proton and lon

Fills

Results for loss to threshold ratios>=0.1:

Triplets R2, L2, R8 (appear almost always 'on the list')
ARC MQ 13L1, 17R8, 27R7, 32L2, 32L8 (monitor factor)
LSS MQY 54+6 R4, 4+5 R6, 4R8, 4L6

LSS, bS MQM+MQML 7+8 R8, 8L2, 5+6L1, 7R4

XRP 7L1

BSRTM,MBRB 5R4

TCTH 4R8

TCSG 4R6 , 4L6 (ion fills only)

TCDS/TCDQ in L6 (Filter monitors)

MQY Dump Line 4R6 (very high during ion fills)

In general: most of the loss/threshold ratios are too high
for the short losses, i.e. RS01-RS05

Most of the monitors are in LSS and DS, not in the arc

Probably an increase of the thresholds by a factor of 10 would be
needed to be able to go to higher luminosities in 2011.
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@ LSA MASTER Threshold Changes in IP2,3,6,7,8

Performed in 2010

Injection and dump regions:

- In total 68 filters were installed on critical monitors in IR2,6,7,8
and thresholds were adapted accordingly (filter shape): MSD, TCD,
TDI, TCTVB, MSI, MQM, MQML)

- additional threshold changes for non filter monitors for 450GeV

(TCTVB, TDI, MBX) (loss shape)

Other:

-MQW energy dependency was corrected (48 monitors in IP3,IP7)
-TCLA in IP3,7 (IP7: TCLA in cell 6 A,B which sit in the shower of TCP
are now protected by TCLA C,D in cell 6 and TCLA C,D in cell 6 and
A,B in cell 7 were corrected)

For further details, please see LHC-BLM-ECR's (PE in charge:B. Holzer)
where the reasons for change, impact on other items and

precise calculations/or results from measurements/or

results from simulations are described
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Losses Around Collimators:

-\ Quick Overview of TCP Test Procedure at 3.5TeV

TCP Test on 25-10-2010 at 3.5 TeV, beams dumped at 14:07:49 (LT) when
TCP B1 V (TCP.D6L7.B1l) reached its position limit. Interlock worked as specified.

Increment every 3sec jaw position by S5um

TCP position thresholds were not changed for maximum safety.

Got tail data for beam1l vertical from 2.045mm to 1.642mm
(explored 1 sigma of tail).

Stepwise movement of collimator jaw during 4 minutes caused losses with a max.
loss of 0.1 Gy/sec for RS05 (2.56ms)

| 20101025-120741_RS05 | —=— signal ICs B2
R —=— thresholds ICs B2
w 0T [ I ! T —=— thresholds ICs B1
@ 10° —=— signal ICs B1
T 10?
=
2 10
(7]
1 - -
10" lll-llllll-ll-ll-l-l_ _'I-l-ll_lllllllllll
102
10°
104
10°
10°
107
10°®
10-9 | 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 |
19000 19500 20000 20500 21000
DCUM [m]

Annika Nordt



@ Beam Intensity During Jaw Movement

Beam Intensity Decrease Jaw Positions

Lost ~1.5ell p in total

int vs time
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@ Beam Losses and Vacuum Losses versus Time
N/ S

BLMEI.O6L7.B1E10_TCP.D6L7.B1 Losses and Vacuum (VGPB77-R) VS Time
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- BLMEI.O7L7.B1E10 _TCP.D6L7.B1 located at 19790.184 m
- VGPB 77 6L7 located at 19841.942 m

- Distance monitor- pressure gauge is 51.758 m
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Losses RS09 (1.3sec) versus Jaw Position GU

Loss BLMEI.O6L7.B1E10_TCP.D6L7.B1 VS Jaw position (GU)
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- BLM Losses on BLMEI.O7L7.B1E10 _TCP.D6L7.B1 for RS09 vs jaw position
show a maximum loss every 5um and 15 pym during stepwise
movement of collimator jaw
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@ Vacuum Losses versus Jaw Position (GD)

Vacuum Loss (VGPB77-R) VS Jaw position (GD)
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- Max. increase in pressure from 5e-10mbar up to 2.1e-8 mbar
- Probably not caused by outgassing from collimator
(at least: so far no obvious correlation with collimator temperature found)
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@ Vacuum and BLM Losses versus Jaw Position

Vacuum and BLM Losses VS Jaw Position (GD)
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- BLM Losses on BLMEI.O7L7.B1E10 TCP.D6L7.B1 for RS09 and vacuum
losses vs jaw position in mm during stepwise movement of collimator jaw
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@ BLM Post Mortem Expert Data for TCPs in L7, R7

TCP Test 25-10-2010 (14 08)
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- Losses from long PM buffer on TCPs in L7 and R7 for RS01 vs time

- Losses appear with a frequency of ~0.2sec
during the 1.7sec before dump
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@ BLM Post Mortem Expert Data for TCPs |

(Zoom)

TCP Test 25-10-2010 (14 08) TCP Test 25- 10 2010 (14:08)
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- Zoom into losses before and during beam dump
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@ Correlation between Vacuum and BLM losses

VGPB.2.5R7.R.PR for: 2010-10-04 16:40:00 until 2010-10-04 17:55:00 I VGPB.416.4L7.R.PR for: 2010-10-04 16:40:00 until 2010-10-04 17:55:00
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Investigating more the vacuum-beam loss correlation:

Analysed losses of BLMs in 50-100 m distance around all (penning)
pumps in the ring

Example of vacuum and beam losses between injection stable beam

is shown and there is a correlation, blm loss and vacuum show same
distribution

Most of the BLMs affected are collimator and MQW BLMs

Probably more investigation on collimator movements should be

done in order to exclude that losses come from outgassing collimators
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@ Correlation between Vacuum Losses and BLM

Losses at Collimators and MQW

BLMQL05R7.B1E30_MQWA.E5R7 Correlation with Pressure BLMEI.O6L7.B1E10_TCP.B6L7.B1 Correlation with Pressure
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with vacuum shows a linear increase
but with different slopes
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@ Correlation between Vacuum and Beam losses with

Distance of BLM to Pump
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In some places a decrease with distance was found, in some not.
More investigation needed in order to understand this behaviour
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The most critical locations in terms of highest losses are in LSS , DS and around
Collimators. There are a few arc regions with high losses during high lumi fills as well.

The increase of losses with luminosity is mainly linearly, in some places however
the losses increase rapidly with luminosity.

Also in the dumpline losses increase with luminosity but especially during ion fills.

Some thresholds in the LSS and DS and the triplet thresholds might need to be
increased when going to higher luminosity. Especially the ratio of loss/threshold at
Triplets is almost permanently >=0.1, what might be an issue in future.

Vacuum 'losses' correlate with beam losses and follow the same distribution especially
around the collimators (vacuum increase by a factor of 100) and close by MQW!

It could be useful to investigate more the origin: do ramp, squeeze etc have an impact

on vacuum conditions?

Why does the vacuum increase when moving a collimator? Is it only due to the scraping, or
Are there outgassing effects, vibrations from stepmotor etc..?
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