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Overview

Annika Nordt

● 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

● Losses at and around collimators
  Correlations between collimator movements, vacuum and beam losses



What are the critical locations?

Annika Nordt

Use offset corrected integrated dose 

Analysis:

- 23 proton fills (fill nr: 1295-1459)

- 17 Ion fills (fill nr: 1489-1525)

- Stable beam condition

- all BLM monitors (~ 3700 ICs), RS12 & RS09

Results:

- Mean offset out of 10-30 min of data per BLM
  when no beam is in the machine
  (take 3-4 such datasets per day of fill) 

- BLM dose for different integrated luminosities

- BLM dose for different nr of bunches per beam
   
- BLM dose for different bunch spacing



Integrated Dose Rate For Different Proton Fil ls 

Annika Nordt

In tegrated dose rate  for  the  fu l l  r ing  for  d i f fe rent  nr.  o f  bunches per  beam



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fil ls, IR1)

Annika Nordt

Dist r ibut ion  in  L1 Distr ibut ion  in  R1



Integrated Dose per Integrated Luminosity Unit      
               (High Luminosity Fills, IR2) 

Annika Nordt

Dis tr ibut ion  in  IR2  for  Protons Dist r ibut ion  in  IR2  for  Ions



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fil ls, IR3)

Annika Nordt

Dist r ibut ion  in  IR3  for  Protons Dist r ibut ion  in  IR3  for  Ions



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fil ls, IR4)

Annika Nordt



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fil ls, IR5)

Annika Nordt

Dist r ibut ion  in  IR5  for  Protons Dist r ibut ion  in  IR5  for  Ions



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fil ls, IR6)

Annika Nordt



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fills, IR7)

Annika Nordt

Dist r ibut ion  in  IR7  for  Protons Dist r ibut ion  in  IR7  for  Ions



Integrated Dose per Integrated Luminosity Unit 
(High Luminosity Fil ls, IR8)

Annika Nordt



Critical Locations during High Luminosity 
Proton Fills (Full Ring)

Annika Nordt

BLMQI .04L3 . B1 I 30_MQWA.B4L3  608
BLMQI .04L3 .B2E20_MQWB.4L3  28
BLMQ I .04L3 .B1 I20_MQWA.C4L3  25
BLMQ I .06L3 . B2E30_MQTL  96
BLMQI .07L3 . B2E20_MQ 34
BLMQI .04R3 . B1 I10_MQWA.A4R3  25
BLMQ I .06R3 . B1 I30_MQTL  28
BLMQ I .07R3 . B2E30_MQ 523
BLME I .07R 3 .B1 I 10_ TCLA . 7R3 .B1  27
BLMQ I .11R3 . B1 I21_MQ 47

Rat ios  >25:
BLMQI .06L1 . B2E20_MQML 53
BLMQI .08L1 . B1 I20_MQML 47
BLMQI .06R1 . B2 I10_MQML  37
BLMQI .03R2 . B2E20_MQXA  55
BLMQI .11L4 . B1 I10_MQ  27
BLMQI .08L5 . B1 I10_MQML  50
BLMQI .09L7 . B2 I22_MQ 213
BLMQI .11L7 . B2 I10_MQ 29
BLME I .04L8 . B2 I 10_TCLIA . 4L8 38
BLMQI .08R8 . B2E10_MQML  28



Critical Locations during High Luminosity ProtonFills: 
Monitors around Collimators

Annika Nordt

BLME I .07R3 . B1 I10_TCLA . 7R3 .B1  27
BLME I .04R3 . B1 I10_TCSM.4R3 .B1  13
BLME I .05R3 . B1 I10_TCL A.A5R3 .B1  12
BLME I .04R3 .B1 I10_TCSG .4R3 .B1  11
BLME I .05R3 .B1 I10_TCSM.A5R3 .B1 11
BLME I .05R3 .B1 I10_TCSG .B5R3 .B1  11
BLME I .05R3 .B1 I10_TCSG .A5R3 .B1  11
BLME I .05R3 .B1 I10_TCSM.B5R3 .B1  11
BLME I .06R3 . B1 I10_TCL A.6R3 .B1  10
BLME I .05R3 .B1 I10_TCL A.B5R3 .B1  10

Rat ios  >10:
BLMEI .04L8 . B2 I10_TCLIA . 4L8  38
BLMEI .04L2 . B1E10_TCTVB .4L2  14
BLMEI .06L3 . B1 I10_TCP.6L3 .B1  15
BLMEI .06L3 .B 1 I 10_TCAPA.6L3 .B1  15
BLMEI .05L3 . B1 I10_TCSG .5L3 .B1  15
BLMEI .05L3 .B 1 I 10_TCSM.5L3 .B1  14
BLMEI .06L3 . B1 I10_TCHSH.6 L3 .B1  14
BLMEI .07L3 . B2E10_TCL A.7L3 .B2  12
BLMEI .05L3 .B 2E10_TCL A.B5L3 .B2  12
BLMEI .04L3 . B2E10_TCS G.4L3 .B2  10



Critical Locations during High Luminosity 
Ion Fills (Full Ring)

Annika Nordt

BLME I .04L3 . B2E10_TCSM . 4L3 .B2  524
BLME I .04L3 .B2E10_ TCSG . 4L3 .B2  152
BLMQI .04L3 .B 1 I 10_MQWA.E4L3  44
BLMQI .05L3 . B2E30_MQWB . 5L3  1345
BLMQI .05L3 .B 1 I 20_MQWB.5L3  60
BLME I .05L3 .B2E10_TCSM.A5L3 .B2  33
BLME I .05L3 .B2E10_TCSG .B5L3 .B2  36
BLME I .06L3 . B2E10_TCL A.6L3 .B2  55
BLME I .07L3 . B2E10_TCLA . 7L3 .B2  79
BLME I .04R3 . B1 I 10_TCSG .4R3 .B1  28
BLMQI .04R 3 .B2E10_MQWA.E4R3  38 .
BLMQI .05R3 . B2E10_MQWA .D5R3  78
BLME I .05R3 .B2E10_ TCSM.5R3 .B2  31
BLMQI .05R 3 .B1 I 20_MQWA.C5R 3  28
BLMQI .05R 3 .B2E20_MQWB.5R3  27
BLME I .05R3 .B2E10_ TCSG .5R 3 .B2  26

Rat i os  > 25 :
BLME I .11L1 .B2E23_MBA  34
BLMQI .09R1 . B1E10_MQM 7135
BLMQI .08R2 . B1 I 30_MQML  442
BLME I .05R5 . B1E10_TCL .5R5 .B1  33
BLME I .05L5 . B2E10_TCL .5L5 .B2  32
BLME I .04L6 . B2 I 10_ TCDQM.4L6 .B2  40
BLME I .04L7 . B1E10_TCSM.D4L7 .B1  70
BLMQI .08L7 . B2 I 30_MQ 66
BLMQI .11L7 . B2 I 10_MQ 940
BLMQI .04R7 . B1E30_MQWA.E4R7  36
BLMQI .04R7 .B2 I 10_MQWA.D4R7  69
BLME I .06R7 . B1E10_TCL A.C6R7 .B1  162
BLMQI .09R7 . B1E10_MQ 4 0
BLMQI .08R3 . B1 I 10_MQ 32
BLMQI .13R3 . B1 I 10_MQ 54



Critical Locations during High Luminosity 
Ion Fil ls: Monitors around Collimators 

Annika Nordt

BLME I .05R3 .B2E10_TCSG .5R3 .B2  26
BLME I .04L5 . B1 I 10_TCTH.4L5 .B1  24
BLME I .05L3 .B2E10_TCSM.B5L3 .B2  2 4
BLME I .04R1 . B2 I10_TCTH.4R1 .B2  24
BLME I .05R3 .B1 I10_TCSG .A5R3 .B1  18
BLME I .05L3 .B2E10_TCL A.A5L3 .B2  15
BLME I .05R7 . B1E10_TCS G.C5R7 .B1  12
BLME I .04L7 .B1E10_TCSG .D4L7 .B1  1 1
BLME I .04L2 . B1E10_TCTVB .4L2  10
BLME I .05R3 .B1 I10_TCL A.B5R3 .B1  10
BLME I .05R3 .B1 I10_TCSM.B5R3 .B1  10
BLME I .05L3 .B2E10_TCL A.B5L3 .B2  10

Rat i os  >10 :
BLME I .04L3 . B2E10_TCSM . 4L3 .B2  524
BLME I .06R7 . B1E10_TCLA .C6R7 .B1  162
BLME I .04L3 .B2E10_ TCSG . 4L3 .B2  152
BLME I .07L3 . B2E10_TCLA . 7L3 .B2  79
BLME I .04L7 . B1E10_TCSM.D4L7 .B1  70
BLME I .06L3 . B2E10_TCL A.6L3 .B2  55
BLME I .04L6 . B2 I 10_TCDQM.4L6 .B2  40
BLME I .05L3 . B2E10_TCSG .B5L3 .B2  36
BLME I .05R5 . B1E10_TCL .5R5 .B1  33
BLME I .05L3 .B2E10_ TCSM.A5L3 .B2  33
BLME I .05L5 . B2E10_TCL .5L5 .B2  32
BLME I .05R3 . B2E10_TCSM.5R 3 .B2  31
BLME I .04R3 . B1 I 10_TCSG .4R3 .B1  28



How does the Integrated Dose per Luminosity Unit 
Increase with Luminosity and Nr. of Bunches?

Annika Nordt

In  most  of  the  locat ions  a round the r ing the integrated dose  
i s  increas ing l inear ly  w i th  increas ing luminos i ty ,  i f  number  
o f  bunches per  beam is  constant .

However  compar ing 312  b/beam wi th  368 b/beam for  the 
same integrated luminos i ty  shows a lmost  no d i f fe rence

Compar ing 248 b/beam wi th  312 b/beam for  the  same 
luminos i ty  shows a  factor  o f  approx imate ly  2  

D i f ferent  bunch spac ing shows no s ign i f i cant  e f fect  on  
the  integrated dose  per  in tegrated lumi  un i t .
 



Maximum Losses & Thresholds: Critical Locations

Annika Nordt

Ana lys is  for  ' s tab le  beam condi t ion '

Def ine maximum loss  dur ing f i l l  

Def ine rat io  max loss / thresho ld  (RS01-RS09)  

Cr i t i ca l  i f  ra t io  loss / threshold  >=0.1

RS01

RS05

R S01

RS09

Example  Proton Fi l l  1450



Maximum Losses & Thresholds: Critical Locations

Annika Nordt

Example  Ion  Fi l l  1522(121b/beam)
 
h igh integrated luminos i ty  (~0 .5µb - 1 ) :

1 )  H igh losses  in  the  dumpl ine  
    (BLMDI_xxx_MQY)

2)  H igh losses  at  TCSG in  04L6

RS01 RS06

RS01



Maximum Losses & Thresholds: Critical Locations

Annika Nordt

Def ine  marg in  between h ighest  loss  and thresho ld for  each RS and each fami ly



Thresholds: Critical Locations During Proton and Ion 
Fil ls

Annika Nordt

Results for loss to threshold ratios>=0.1:

Triplets                        R2,  L2 ,  R8  (appear  a lmost  a lways  'on the  l i s t ' )    
ARC MQ                           13L1,  17R8 ,  27R7 ,  32L2,  32L8 (moni tor  fac tor )
LSS MQY                          5+6 R4,  4+5 R6,  4R8 ,  4L6
LSS, DS MQM+MQML        7+8 R8,  8L2 ,  5+6L1,  7R4
XRP                                 7L1
BSRTM,MBRB                   5R4
TCTH                               4R8
TCSG                               4R6 ,  4L6  ( ion  f i l l s  on ly )
TCDS/TCDQ                      in  L6  (Fi l te r  moni tors)   
MQY Dump Line              4R6 (very  h igh dur ing ion  f i l l s )                  
 

In  general :  most of  the loss/threshold rat ios 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 luminosit ies in 2011.



LSA MASTER Threshold Changes in IP2,3,6,7,8 
Performed in 2010 

Annika Nordt

In ject ion and dump regions:
-  In  tota l  68  f i l te rs  were  insta l led  on c r i t i ca l  moni tors  in  IR2 ,6 ,7 ,8  
and thresholds  were  adapted accord ing ly  ( f i l te r  shape) :  MSD,  TCD,
TDI ,  TCTVB,  MSI ,  MQM,  MQML)
-  add i t iona l  threshold  changes  for  non f i l ter  moni tors  for  450GeV 
(TCTVB,  TDI ,  MBX)  ( loss  shape)

Other:
-MQW energy dependency was corrected (48  moni tors  in  IP3 , IP7)
-TCL A in  IP3 ,7  ( IP7 :  TCL A in  ce l l  6  A ,B  which  s i t  in  the  shower  of  TCP 
 a re  now protected by  TCL A C,D in  ce l l  6  and TCLA C,D in  ce l l  6  and 
 A ,B  in  ce l l  7  were  corrected)

For  fur ther  deta i l s ,  p lease  see LHC-BLM-ECR's  (PE  in  charge:B .  Holzer)
where the  reasons  for  change,  impact  on other  i tems and 
prec ise  ca lcu lat ions /or  resu l ts  f rom measurements /or  
resu l ts  f rom s imula t ions  a re  descr ibed 
 



Losses Around Collimators: 
Quick Overview of TCP Test Procedure at 3.5TeV

Annika Nordt

-  TCP  Tes t  on  25 -10 -2010  a t  3 .5  TeV ,  beams  dumped  a t  14 :07 :49  ( LT )  when
  TCP  B1  V  ( TCP.D6L7 .B1 )  reached  i t s  pos i t i on  l im i t .  I n te r l ock  worked  as  spec i f i ed .

-  I nc rement  eve ry  3sec  j aw  pos i t i on  by  5 µm

-  TCP  pos i t i on  th resho l ds  were  no t  changed  f o r  max imum sa fe ty.

-  Go t  t a i l  da ta  f o r  beam1  ve r t i ca l  f rom 2 .045mm to  1 .642mm 
  ( exp lo red  1  s i gma  o f  ta i l ) .

-  S tepw i se  movement  o f  co l l imato r  j aw  du r ing  4  m inu tes  caused  l o sses  w i th  a  max .
  l o ss  o f  0 .1  Gy / sec  f o r  RS05  (2 .56ms)



Beam Intensity During Jaw Movement

Annika Nordt

Beam In tens i ty  Decrease
Lost  ~1 .5e11  p  in  tota l  

Jaw Pos i t ions



Beam Losses and Vacuum Losses versus Time

Annika Nordt

-  BLMEI .07L7.B1E10_TCP.D6L7.B1 located a t  19790.184 m
 
-  VGPB 77  6L7 located a t  19841.942 m

-  Dis tance moni tor-  pressure  gauge i s  51 .758 m



BLM Losses RS09 (1.3sec) versus Jaw Position GU

Annika Nordt

-  BLM Losses  on  BLME I .07L7 .B1E10_TCP.D6L7.B1  fo r  RS09  vs  j aw  pos i t i on
  show a  max imum loss  every  5 µm and 15  µm dur ing  s tepw ise  
  movement  o f  co l l imator  j aw



Vacuum Losses versus Jaw Position (GD)

Annika Nordt

-  Max.  increase in  pressure  f rom 5e-10mbar  up  to  2 .1e-8  mbar
-  Probably  not  caused by  outgass ing f rom co l l imator  
   (a t  least :  so  far  no  obv ious  corre la t ion  wi th  co l l imator  temperature  found)



Vacuum and BLM Losses versus Jaw Position 

Annika Nordt

-  BLM Losses  on BLMEI .07L7.B1E10_TCP.D6L7.B1 for  RS09 and vacuum 
  losses  vs  jaw pos i t ion  in  mm dur ing s tepwise  movement  of  co l l imator  jaw



BLM Post Mortem Expert Data for TCPs in L7, R7

Annika Nordt

-  Losses  f rom long PM buf fer  on  TCPs in  L7  and R7 for  RS01 vs  t ime

-  Losses  appear  wi th  a  f requency o f  ~0.2sec
  dur ing the  1 .7sec  before  dump



BLM Post Mortem Expert Data for TCPs in 7 
(Zoom)

Annika Nordt

-  Zoom into  losses  before  and dur ing beam dump



Correlation between Vacuum and BLM losses

Annika Nordt

Invest igating more the vacuum-beam loss correlat ion:

Analysed losses  of  BLMs in  50-100 m d is tance  around a l l  (penning)  
pumps in  the r ing
Example  of  vacuum and beam losses  between in ject ion  s tab le  beam 
is  shown and there  i s  a  corre lat ion ,  b lm loss  and vacuum show same
dist r ibut ion
Most  o f  the BLMs a f fected are  co l l imator  and MQW BLMs
Probably  more  invest igat ion  on co l l imator  movements  shou ld  be 
done in  order  to  exc lude that  losses  come f rom outgass ing co l l imators



Correlation between Vacuum Losses and BLM 
Losses at Collimators and MQW

Annika Nordt

I nves t iga t ing  the  co rre la t i on  
w i th  vacuum shows  a  l inear  increase
but  w i th  d i f f e rent  s l opes  



Correlation between Vacuum and Beam losses with 
Distance of BLM to Pump

Annika Nordt

In  some p laces  a  decrease  wi th  d is tance  was found,  in  some not .
More invest igat ion  needed in  order  to  understand th is  behav iour



Summary

Annika Nordt

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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