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Equivalent thermal conductivity of He I @‘\‘
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Linear heat exchanger

LHC magnet string cooling scheme

saturated He Il, flowing heat exchanger tube
pressurized He I, static
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DFBAO in Sector 7-8
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Cooldown of Sectors

= From RT to 80K precooling with LN2. 1200 tons of
LN2 (64 trucks of 20 tons). Three weeks for the first
sector.

= From 80K to 4.5K. Cooldown with refrigerator. Three
weeks for the first sector. 4700 tons of material to be

cooled.

= From 4.2K to 1.9K. Cold compressors at 15 mbar.
Four days for the first sector.
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e helium refrigerator for cooling down to 4.5 K @

33kW @ 50K to 75 K
’ / — i 23 kW @ 4.6 Kto 20 K
(i ‘ 14 41 g/s liquefaction

600 kW precooling to 80 K with
LN2 (up to ~5 tons/h) i 7 .
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Cool-down of LHC sector @WI

2 3 45 6 / 8
,h. # 1 .k« - P
i s 0 . ‘o 'i% ﬁk ’
_' ’ ] ° (]
Shortin ‘ﬁ . L%. .\' i o
H ]
g 200 connection w‘ T ; 1
o ¢ cryostats and 0 s A
b : n N [] A e
*- repairs
£ 150 s i x 1 j . R
3 . . W Open —* '1 —|*
o s & Days —° s 3
E * —o L A s
2 100 R — 4 i\ . . A .
Christmas and water 3 ﬁ. ¥ ‘4%! .
50 maintenance shut-down " A ..3“ : A; 'b..
* l. A $ ¢ !,

0 I

12-Nov- 10-Dec- 07-Jan- 04-Feb- 03-Mar- 31-Mar- 28-Apr- 26-May- 23-Jun-
2007 2007 2008 2008 2008 120053 23?08 2008 A 20508

¢ ARC56_MAGS_ TTAVG.POSST ® ARC78 MAGS_ TTAVG.POSST A ARC81 MAGS TTAVG.POSST ¢ ARC23 MAGS ~ Sectors
* ARC67_MAGS_TTAVG.POSST ® ARC34_MAGS_ TTAVG.POSST A ARC12_ MAGS_ TTAVG.POSST ® ARC45 MAGS - < 2 K
Cooling sectors + Cryo tuning + Powering activities +2<5K

SC - 04Jul'08 LHC Cryogenics - Status for ICC

Lyn Evans — EDMS document no. 969889



)
o)
=
>
©
O
LL
nd

Lyn Evans — EDMS document no. 969889




Q|

7\

Lyn Evans — EDMS document no. 969889



Clock Generation (updated) [5]

SR4 CMS
«6 ABRF TXin2 RF T» modules for 1 *5 signals/fibres available + 1 spare
[ALICE, ATLAS, LHCE, CMS and the *3 RF_Rx modules.
TTC lab]. “1 module for beami+ BCref
£ optical | pqru 1 q1 utput for CMS, *1 module for beam?2 + spare
th othe *1 mo CNI as a hot spare
signal I 'EIST Slgl'l al on 2 fibres from CCC
<BG refer )/ -
*BC i 1

BCri 92 '
I 2R8T
/

“Frev 1

CCR

*BST transmitter (TTCex)

*2 AB/RF dual modules receivers and
transmitters (signal regeneration)
'6 optical splitters 1:4 for the AB/RF links

experiments, 1 TTC lab)
ALICE, _ =
ATLAS, LHCh, TTC lab i |Z P T /

*5 signals/fiore Ib!+1p
3RFRde

IL:“iE)Fe'L:C):p‘["iE;signal distribution from RF in
SR4 to Experiments, BT & Bl equipment
and to CCC.

40 MHz bunch clocks, revolution
frequencies,

40 MHz 7TeV reference. Injection & dump
kicker pulses
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1e RF cavities and transverse dampers

&
Preparation ffor Beam

RF synchronization in place — clocks and
timing now going from SR4 to all users.
Recent successful dry run tests with all
users and OP group, including basic
software.

Cavity Beam Control systems in advanced
state but some items on critical path.

Transverse Damper electronics being
tested.

Software for beam control also critical, but
basic functionality will be available for this
run.

Procedures for beam commissioning well
defined.

Longitudinal diagnostics in good shape to
study and commission first beams. ...

Courtesy Edmond Ciapala



cting circuits of an LHC sector @}‘

Point 5

1 T = 3 1 10 1 1 1 7 14 30 04 2 4

13 circuits 14 circuits 157 circuits 6 circuits

Totalling 190 circuits
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SECTOR 5-6
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Number of quenches

[N

3150

3200 3250 3300 3350

Serial numbers of magnets

3400

3450
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Situation on 10th September &Y

7\

= 7 out of 8 sectors fully commissioned for 5
eV operation and 1 sector (3-4)
commissioned upto 1 TeV.
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POINT 6
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Beam 2
10 Sep 2008 15:02

TI8
Updated by Roberto Saban
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Beam 2 first beam — D-Day

=] YASP DV LHCRING / INJ-TEST-NB / beam 2
YASP DV LHCRING / INJ-TEST-NB / beam 2
YASP DV LHCRING / INJ-TEST-NB / beam 2
YASP DV LHCRING / INJ-TEST-NB / beam 2
YASP DV LHCRING / INJ-TEST-NB / beam
YASP DV LHCRING / INJ-TEST-NB / beam
YASP DV LHCRING / INJ-TEST-NB / beam
=] YASP DV LHCRING / INJ-TEST-NB / beam

N MM

(2, views | |lm| 5|88 | | More _|

FT - P450.12 GeV/c - Fill # 830 INJPROT - 10/09/08 15-01-58

10 i
Mean = -0.342 / RMS : 2.862 / Dp = -0.37
—_ L i H
£ s s s s |
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b T T T T T
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Monitor H
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10 T
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— 54 ’ 5
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10 ALICE RF-B2 CMS| DUMP-B2| IN]-B2
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File Tools
: ep :26: - B
@ Sep 10 10:26:13 SPS - LHCFAST2 CMGS5 - 03
rSelection rLHC.BTVSL.C5L2.B1
DR LHC.BTVSLASR8.82 |+ (L of 1 acquisitions) Cyde: LHCFAST2 SC Nb: 700 Date: 2008/09;10 10:25:28.197506
LHC.BTVSL.C5L2.E1 =
LHC.ETVSI.CSR8.E2 | rHorizontal projection
LHC.BTVSS.6L2.B1 Mean == ] TegEnd
LHC.BETVSS.6R8.E2 m 0.61 [mm T i
LHC.BETVST.A4L2.E1 3000 Amplitude = 644.70 [au.] e
LHC.ETYST.A4R8.B2 — \U\
rStatus 52500_
Device: LHC BTWSLC5L2.BL E i
T 2000
Status: ok =
=
Mode: OFF £ 1500
<
Control: EEMOTE
Setting 1000
Basic rﬁ\d\ranced r Expert |
500
T T T T T T T T T T
E -25-20-15-10 -5 0 5 10 15 20
Acquisition Type: |0ne extraction |v| E X [mm]
o - rVertical projection
Acquisition Number |1 |v| 260
Camera Switch: oN [~]
Screen; Jau [~] 2500
Filter: [out [+] _
E] i
Video Gain: k1 [~] A 2400
L
Lamp Switch: |0N |v| = DE
3 i
Ahh =
First Lamp: 300 mv qE:
YYY 2200
hAhh
Second Lamp: 160 v 2100
vy
Motor Enable: |enah|e |v| . ; ; ; ; ; ; ;
-23 -20 -13 -10 -3 o 3 10 15 20 -15 -100 -5 0 5 10 15 20
Hardware Reading: | & | X (mm] Y (mm]
Acquisition Type: One extraction Camera Switch: RAD ON Screen: Al Yideo Gain: x 1 First Lamp: 299
Acquisition Number: 1 Mlire: OFF Filter: QOut Second Lamp: 159
| P Acquire || B> start Monitoring || Stop || |l Save | [] Continuous Saving

10:25:32 - Done.
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Few 100 turns

File | Edit | “ertical | Horizitcg | Trig | Display | Cursors | Messure | Mask | Math | MyScope | Snalyze | Utiities | Heln |n

|"I ] I | 1 I 1 ] | ] I I 1 | 1 ] ] ] | I 1 I 1 I ] ] I I | I 1 ] ]

LHC Longitudinal Bunch Profile Beam?2

[ &z® 200mvidiv 500 By:2.5G | (B &® / 172mv 1[2.2ms 256GsIs 400psipt
Run Sample
24 acqs RL:80.0M
Man September 10, 2008 21:46:01
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Fast BCT

LHC Fast BCT V0.1-2007

r

|

@viewsJ R || = =8 | B More | |p5|& Acquisition | Configuration

Contour Ring 2 [10/09/08 21:39:36] Capture Settings

N:%1 B2

Eunch selection

Continuous | Individual

|35uu-351u |
3500 3502 3504 3506 3508 3510
bunch
Bunch intensities [10;09;08 21:39:36] £ g3 | Turns: 144
turn: 1
GEg Turn Increment: ZE
= 4E7
Y 2E7 Trigger Condition
=
2 opp E— [ ] .
~2E ' RF Injection Prepulse
-4E7 1 T T T T T T C:' Soft
3500 3502 3504 3506 3508 3510 oftweare
bunch
@ |-
A
‘SIngle bunch intensity [10;09;08 21:39:36] | | Get ‘ | Set ‘
bunch: 3506
3E9-
_ 2.5E9
= 2E94
=
& 1.5E9
=
= 1F9
SESA
DED

f Console rRunning tasks
capEureSeEElnﬁIlme SErlng:I =% Wed aJep L0 LoE9ral RINE:

21:39:36 - Ready.

<] Il

212607 - selected ving: 2




Dump dilution sweep

SDDS Default View

TD62.BTYDD.629335.B2 @ Cycle sdds.21_14_58_275

Update 21:14:58 275
acqTypeMaxMumber

-

Drata for Cycle:

-58.3544, -62.7396, 461




- No RF, debunching in ~25*10 turns, I.e.
roughly 25 mS

DPO7254 Acq MR Time 4CH with CH3 Inverted.¥i Front Panel *
Eile Edit WYiew Project Operate Tools Window Help

| o 1@‘ @ | 13pt Application Fonk -~ ”;Dv I

H3 Mountain Range

e |

CH3 INVERTED!!!

Choose Channels ko acquire: | Date:
cul o ol o POOBOSE

r Time:
S oo e | o] o ) 9 e

= o e Bty
i e i g 103

s e P T il e P T e i B Tl .l
Filename of actual data

e T dn e i T Firsk Trigger
e M M |

A i ot ooy iy Ve A ol S oA v g A e b Time between Traces

e e e s it g L e gt s
e 10 Turn

T R T e Multiply Data with

et e e

Bunch Length  at Position Min Estimated Bunch Length
Hlatl | oo | 3k |

e
Separation orlreE 'or#: istior)
o e e seleck before acquisition
| TE

mxzw/ﬁk 4 5cope relessed EREE
/-u'\

i T
00 &0n 40n ©0n 800 100n 1200 14.0n 1600 18.0n 20.0n Z22.0n 25.0n

Bunch Length CH3  at Pasition 2
500.00m | .00
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. FIrst attempt at capture, at exactly the wrong
Injection phase...

B! DPO7254 Acqg MR Time 4CH with CH3 Inverted.vi o [m] 3

Eile Edit VYiew Project Operate Tools “Window Help

CH3 Mountain Range|

CH3 INVERTED!!!

o T T T T T T T
Choose Channels to acquire:| Date:
b el et en bl PP ue gt - eus iy e S A bl el e no-
e e ] cH1|  cHz|  cHs|  ch4 EUUB 09-11
Time:

e e oFfF | . oFF OFF
__J q—) m v—) Pl 126125
File Index For next Save
e
Filename of actual data
First Trigger
Time between Traces
10 Turn

IMultiphy Data with
Scale Fackor (dB)

I

Bunch Length at Position Min Estimated Bunch Length
hland | oo | 3= |

Trace

Separation arrect

ary:
select el}ore acquisition])
25300
with cable
without cable
@ scope released
Save ko File -

Ij Display Data: Switch to Corrected

D Extract & Measure Bunch

Ij Show Bunch Length & Amplitude vs, Trace
Ij Show Bunch Length & Amplitude ws. Index
Ij Show Spectrum

Ij Display Contaur Flot

STOP

O B o
0.0 20n 40n 600 &0n 1000 1200 1400 1600 1800 20.0n 22.0n

T
25.0n

Bunch Length CH3  at Position 2
BOD.00m | oo
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DPO7254 Acq MR Time 4CH with CH3 Inverted.¥i

Eile Edit VYiew Project Operate Tools “Window Help

»[][@[n]

CH3 Mountain Range|

CH3 INVERTED!!!

Choose Channels to acquire:| Date:

il ol qeal cu|  POOBES
Time:

o) o) (o) o) pre——
File Index For next Save g

E ]

Filename of actual data

rC:'I,MD_DATA'I,TODAY'I,MRID4_3.F\SC |

First Trigger

WE i

Time between Traces|

|1lJ Turns

= Multiply Data with
Scale Factor (di

¥ [

x E I

Wl Bunch Length at Position Min Estimated Bunch Length
] hland | oo | 3= |

Trace
Separation arrect

ary:
select el}ore acquisition])
25300
with cable
without cable
@ scope released

Ij Display Data: Switch to Corrected

i g s D Extract & Measure Bunch

Ij Show Bunch Length & Amplitude vs, Trace

Ij Show Bunch Length & Amplitude ws. Index

(T o o o o oy B oy I B e S IjSthSpectrum
0.0 Z0n 40n 6&0n &0n 100n 12.0n 14.0n 16.,0n 18.0n 20.0n 22.0m 25.0n
Ij Display Contaur Flot

STOP

Bunch Length CH3  at Position 2
BOD.00m | oo

4] | v/ 30
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., Capture with optimum injection phasing, correct

Courtesy E. Ciapala

reference

>/ DPOT254 Acq MR Time 4CH with CH3 Inverted.vi Fronkt Panel

File Edit VYiew Project Operate Tools Window Help

=[]

||1> |{§}| ©|E| 13pt Application Font |« ”Emv”‘_u:v”ﬁvl

=
[MF: T1

CH1 Mountain Range

CH1 INVERTED!!!

Choose Channels to acquire:
cHi|  cHz|  cHal o

Date;

PDDS-DQ—I 1

off | oFf ] _oFF ] Timei

File: Index for next Save
4ot

Filename of actual data

Firskt Trigger|

ﬁ ms
Time between Traces
1 Turn |

Mulkiply Data with
Scale Fackor (dB
|

W

Bunch Length at Position

IMin Estimated Bunch Length

Eoi4n | [3:45n | &En |

Trace
Separation

Hr.ooo
@ Scope released

&%ﬁ%%f%bre acquisition)

wikh cable
without cable

B

Lyn Evans — EDMS document no. 969889
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File | Edt | wertical | Horizidco | Trig | Display | Curzors | Measure | Mask | Math | MyScope | Anslyze | Utities | Help |n

e e e o e e e e, (o e o i o e e o

o

L. SR (TN PR [ B R S

| & 90.0mvidiv 500 Bu:2.5G | A &=® / 220mv

] 1.0ns 200.0GS/s ET S5.0ps/pt

Lyn Evans — EDMS document no. 969889

968 189 acqs

Auto

Sample
RL:2.0k
September 11, 2008 23:51:17




Integer tunes

YASP DV LHCRING / INJ-TEST-NB_V1E@0_ [START] / beam 2

[ Bvews ) 63 ) 890 (i) ) wore | o355

.H Harmonics [12/09/08 02:01:53]

250 4 Data from 12/09/08 02-01-47
Z 200
=]
‘= 150
o
E 100 A
==
507
. - B T e e e e S S
0 M—q—r—‘»ﬁw—kﬂlwl : ' ' :
o] 1o 20 20 40

50 &0 70 B
Horizontal Harmonics

.\f Harmonics [12/09/08 02:01:35]

807 Data from 12/09/08 02-01-47
2 60
o
S 40
E
=
T 20

W
0 T T f T T T T
) 10 20 20 40 50

&0 70 B0

Vertical Harmonics
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Tune measurements

Tune Viewer - LHC - On-demand FFT system B2

File Run Configure

Cromy T

[‘Info | FFT | PLL | DataSets | Feedback |

Q-FP6A &)

LHC - B2 - Fill#830

2008-09-10 21:38:52
RAWEFFT: 256 turns@1.0Hz
no excitation

Q1= .3092
2333
IC-|= .0106
Qx= 7?77
Qy= 7?77

Comments:

.3089
2337

Qx =
Qy =

Q2 =

|n0 COMMTIEmnt

Spawn TuneViewer Display

JO O WVWE-

|Graph

|v||Mag|v” H [ 11 | aces o] scte

LHC - B2 - fill #8320 - no comment - LHC.BOBECQ. UA47 FFT2_B2 - 2008-09-10 2.

horizonal amplitude [dB]

=20

-30 1

-40

-a0 1

- 60

-70

- 80

1]

T T T T T
003 01 013 02 023 03 033 04

frequency [frev]

|Graph

|v||RAW|v|‘ T ‘ACQ#| o[ scale

LHC - B2 - fill #830 - no comment - LHC.BOBEQ. UA47 FFT2 B2 - 2008-09-10 2.,

vertical amplitude [a.u.]

0.4

0.2

-0.2

-0.4-

o]

e

1}

T T T
a0 100 130 200

T
250
turn

!
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Tune Viewer - LHC - On-demand FFT system B2
File Run Configure

[ @woac v ~ ERQHHQIAFFFLR RCHGHLAAILE Eor

Fractional tune spectrum H & V (Beam?2) —
closest Q approach ~ 0.06 due to coupling

[‘Info | FFT | PLL | DataSets | Feedback |

J-FPGA <)

LHC - B2 - Fill#-1

2008-09-12 15:43:26
RAWR&FFT: 4096 turns@1.0Hz
no excitation H&Y

Q1= .3804 Qx= .3582

Q2= .3069 Qy= .3291

|C-| = .0670 E= 450.0 GeV
Q'x = 777

Qy = 7?7

Comments:

|na cormment

Spawn TuneYiewer Display

@O Vv u-

Graph |Mag|v|lI|| 11 |

LHC - B2 - fill #-1 - no comment - LHC.BOBEQ. LA47 FFT2 B2 - 2008-09-12 15:43:26

=20

-40-

horizonal amplitude [dB]

- 60

-80+

-100+

Graph |Mag|v|| 11 |

LHC - B2 - fill #-1 - no comment - LHC.BOBBQ. UA47 FFT2 B2 - 2008-039-12 15:43:26

]
B
=

vertical amplitude [dB]

I
=]
=

1

1
oo
=

1

-100

|?5.‘43.‘33 - Tupedoguisition: rand): finished

frequency [frev]

1
P
=

1

frequency [frev]




I_ : Corrected closed orbit on B2.

Energy offset of ~ -0.9 permill due to the capture frequency.

—-| YASP DV LHCRING / INJ-TEST-NB / beam 2

|Rviews | [ (m][= =) [C3E] [E] more |

CO - P450.12 GeV/c - Fill # 831 INJDUMP - 12;09/08 15-48-32 =

10
1.511 / Dp = -0.93

Mean = -1.136 / RMS :

H Pos [mm]
=]
L

DUMIP—BZ
T

T
0 100

T T
200 200 400
Monitor H

T
500

CO - P450.12 GeV/c - Fill # 831 INJDUMP - 12/09/08 15-48-32 =

10 :
Mean = -0.423 { RMS = 1.280 / Dp = -0.93
R 1 L] 0] |
g I 1 [ |
o ! :
® s i i i i 5
10 AIJI[ﬂ IlFI-BZ [hIIIS DUMIP-BZ IN]l-ID
4 100 200 300 400 500
Monitor V
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1 . _
|Nn Overflow Detected b @\flewsvl H | @@@l | s More Ignoring Stale Data v
Scaling ‘Bunch no. 1 [12109/08 13:37:19] £ B
() Aggressive : LHC.BWS SLa.BZH1 #1:1 AXIS 1 =t Fri 13:33:113 c_E"tEFZ"::HT':;:
; a sigma=2 984,
) Manual :: 5 RMS Width Calcjatmn \ ST
) Auto i 0,023 B&=0.018
Slope=-0
| ChiSg=1
Fixed Error: (10.0 '.I Emit{norm)= 11,356,801 293
| | Emitiphys=22,021.21
Select Fit Type [ \
i) § param gauss : f ".I
1 0,022 1
i) 3 param gauss : \
@ RMS Width Calc f
|
i) Show Front End Fit | |
/ (!
) Percent Peak Elimination /
Data Smoathing | 0,021

) None (3-pt @ 5pt
Select Profiles

Howver over hox to see bunch #
Update: ® Now (' Later

0018+

0.02

00197

T
-15000

T T
-10000 -5000

5000

10000

15000
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response [mirad]
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-150 7

300
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200
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,Alhl Inlll III w Iil

| Legend |

B Corrector: MCEY.25R2.B1 [measured]
—&— Corrector: MCBY . 25R2 B [model ]

|/I

I I I
100 105 110

I
115

monitor number
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~ Beam1H dispersion on first turn )
) Injection to beam dump

Ho
i iilﬂlll luﬁllfi|||rnhm“m
: I T L L "1 R 2 T B #{ e Dy

% 0 ? T M T i * / Hie—ee
| f
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Transformer failure @]

At 23:30 on Friday a 12 MVA transformer at Point 8 failed.

There is no spare unit but CMS has 2 similar transformers
and a lot of over-capacity.

The cryogenics at point 8 (7-8 and 8-1) was lost.

The CMS transformer was installed on Saturday and Sunday.

Lyn Evans — EDMS document no. 969889 40



Incident on 19th September &Y

= During commissioning of the last main bend circuit to 5 TeV
an incident occurred resulting in the triggering of guench
heaters of about 100 magnets and a large He discharge into
the tunnel.

= The most probable cause is a faulty electrical connection
between two magnets. The sector is being brought to room
temperature for repair.

= The time needed for warmup, repair and cooldown precludes
a restart before CERN'’s obligatory winter shutdown.

= The shutdown schedule is being modified to gain ~ 1 month
of LHC operation in 2009.

Lyn Evans — EDMS document no. 969889 41



Lyn Evans — EDMS document no. 969889

(7))
)
2
o
(7))
'
O
i
E—
O
Q
()]
._.|“
&)
()
-
=
@)
&)
| —
(D)
)
=
Q@
@)
=
i
kD
@)
=
o




To all our Russian colleagues who have put such an effort
Into building the LHC. Your equipment worked perfectly

Once we can assess the full extent of the repair work, we
may gladly accept your offers to help.
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