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05-Apr-2010 13:37:43 Fill #: 1022 Energy: 3500.3 GeV I(Bl): 1.57e+08 I(B2): 7.19e+07/

ATLAS ALICE CMS LHCb

Experiment Status PHYSICS STANDBY PHYSICS

Instantaneous Luminosity 1.052e-05 0.000e+00 0.000e+00 0.000e+00

BRAN Count Rate 2,391e-06 7.884e-04 2.614e-18 1.210e-18
BKGD 1 0.002 0.011 0.002 0.150
BKGD 2 0.000 0.000 0.002 0.002
BKGD 3 0.000 0.006 0.003 0.045

LHCF Count(Hz): 0.000 | LHCb VELO Position Gap: 58.0 ... m

Performance over the last 12 Hrs

w |(B1) = I{B2) = Energy
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2E104
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1E10

5E9- ~19 h of physics at 7 TeV
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Status ~1h ago

LHC Pagel Fill: 1028 E: 60 GeV

BEAM SETUP: CYCLING

60 GeV I(B1): 0.00e+00 [(B2): 3.86e+07

Post Mortem Information

PM event ID: Thu Apr 08 19:26:12 CEST 2010
PM event category: TIMING_EVENT

PM event classification: PM1_EVENT

PM BIS Analysis result: No input change detected

PM comment: Timing event, no beam.

09-04-2010 08:24:45

Comments 09-04-2010 07:43:25 . BIS status and SMP flags

Link Status of Beam Permits

staring precycle Global Beam Permit

Setup Beam

Beam Presence

No beam before 9:00 (at earliest) Moveable Devices Allowed In

Stable Beams

peration in CCC : 77600, 70480 ENABLED [HUBS*=\dIEN-P4
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S. Redaelli, LPCC lectures,

Outline - 2st lecture

* Recap. of 1st lecture
 Parameters for 2010-11

 LHC operational phases

- LHC cycle
- Commissioning: baseline / status

* Operational tools
- Page 1’s / fixed displays
- More applications

* One shift of LHC operation
- How do we operate the LHC

07/09-04-2010




@J Basic accelerator physics X

QF dp 1 d p 1 t QF
Beam rigidity: B,O — T H
C .
|< rrrrrrrrrrrrrrr >|
LHC Cell - Length about 110 m (schematic layou

Beta function Dispersion

S \

Equation of motion and its solution:

lA v
o+ K (s)e = =2 = fas) = AVS) cosl(s) + 6ol + D(s) x

P Po
1 ds AQ)
Betatron tune and chromaticity: Q= — Q’ —
B(s) Ap/p
Emittance and beam size: O (3) — \/eﬁx (8) -+ [Dw (8)5]2
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Beam measurements at the LHC

LHC - B1 - fill #935 - Q'-Result: +3.4/+1.2 - LHC.BQBBQ.UA47.FFT2_B1 - 2010-03-03 ...

g ¢
: ». Betatron
E -60-
z tune
g -707
s
-80
-90
-100
-110+ T T T T T T T T T
0 00> 01 015 02 025 03 035 04 045

Transverse S|ze

LHC.BWS.SR4.B1H2 #1:1 AXI ... e 08:22:11

Profile Datafor LH R4.B1H
—— LHC.BWS.5R4.B1H2 #l 1 P.XI e 08:22:11
0.4 —— Fit of profile
Center=-0.959
Sigma=0.601 fl
Beta Gamma=479.732 |
ChiSq=0.009
Kin Energy=449.182
Emit{phys, 10)=0.002
Emit{norm, 10)=1.047

[(30/03/10 08:22:...

0.354

0.3

0.254 ‘

T
-20 -15 -10 -5 0 S
mm
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LHC injector complex
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@ LHC layout and accelerator systems
TN

Eight arcs and
eight straight sessions: @Fu}j}i -
Point 1: Atlas, LHCf

Point 2: Alice, injection

Point 3: Momentum cleaning
Point 4: RF

Point 5: CMS, TOTEM

Point 6: Beam Dumps
Point 7: Betatron cleaning

Point 8: LHCD, injection

Low B (pp)
S. Redaelli, LPCC lectures, 07/09-04-2010 High Luminosity 8




LHC design parameters

Nominal LHC parameters
Beam injection energy (TeV) 0.45
Beam energy (TeV)
Number of particles per bunch 1.15 x 1011
Number of bunches per beam
Max stored beam energy (MJ)
Norm transverse emittance (um rad) 3.75
Colliding beam size (um)
Bunch length at 7 TeV (cm)

=(10SSINg=285raa

= E = 1FS ey 5

A

long range

- *\ . .
|
]
- | -
- ! .

- - - - I - = - -~
&S el Ny,
.- beam-beam - \

beam-beam d

I

G ¥ Interaction
Poirt

Relative beam sizes around IP1 {Atlas) in collision
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X

10000.00 -

Energy stored in the beam [MJ]
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1000.00

100.00

10.00

1.00

0.10

0.01

Increase with respect to existing accelerators:

The stored energy challenge

| +A factor 2 in magnetic field il =
= _ energy in
1 <A factor 7 in beam energy magnets
H <A factor 200 in stored energy
LHC top energy
LHC injection N(
L»-\
- \
SPS fixed \
ISR target - HERA
i £ ]
SPS batch to T =,, - TEVATRON
LHC
RHIC NN
proton .
SR LEP == = <spr{ WHEN will we
= O ppb{ 2
= T get there"
| [ T IIIT
1 100 1000 10000

Momentum [GeV/c]
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<) LHC energy target - way down

All main magnets commissioned for
7/ TeV operation before installation

Detraining found when hardware
commissioning sectors in 2008

5 TeV poses no problem
Difficult to exceed 6 TeV

Machine wide investigations following
S34 incident showed problem with joints

Commissioning of new
Quench Protection System
(nQPS)

450 GeV

S. Redaelli, LPCC lectures, 07/09-04-2010

7 TeV
12 kA

5 TeV
9 kA

3.5 TeV
6 kA

1.18 TeV
2 kA

When

2002-2007

Summer 2008

Late 2008
Spring 2009

Nov. 2009

Design

Detraining

Joints

nQPS

11



<) LHC energy target - way up

Train magnets
6.5 TeV is within reach
7 TeV will take time

Repair joints
Complete pressure relief system

Commission nQPS system

450 GeV

S. Redaelli, LPCC lectures, 07/09-04-2010

7 TeV

6 TeV

1.18 TeV

When ||| What
2014 ? | Training
2013 | Stabilizers

2009

12



X

Goals for 2010-2011

AU 2010
5 1.18 | nQPS 5o TeV
ector 34 Tov | il lsare <1<0.2 |5y lons
B*~2m
Beam

2011

3.5 TeV
~0.21,,,

B*~2m

lons

Beam

Goal (ambitious!) for the run: collect 1 fm-1 of data/exp at 3.5 TeV/beam.

To achieve such this goal the LHC must
operate in 2011 with
L ~ 2x1032 Hz/cm2 ~ Tevatron Luminosity

which requires ~700 bunches of 108 p/bunch
(stored energy of ~ 30 MJ — 10% of nominal)

Implications:
Strict and clean machine setup.
Machine protection systems at near nominal performance.

S. Redaelli, LPCC lectures, 07/09-04-2010

Mininum B* in various IP’s
[Binj B min

IP1/1P5 11 m 2m
P2+ 10m 3 m
IP8+ 10m 2m
IP5-TOTEM| 11 m 90 m

13



N Outline

* Recap. of 1st lecture
* Parameters for 2010-11

e LHC operational phases

- The LHC cycle
- Commissioning: baseline / status

* Operational tools
- Page 1’s / fixed displays
- More applications

* One shift of LHC operation
- How do we operate the LHC

S. Redaelli, LPCC lectures, 07/09-04-2010 14



LHC cycle

X

collisions
L beam energy I‘ \
collisions '_\ /‘ dump ramp
12000 | 4 T —
10000 -+
- start of the Squeeze
< 8000 R
D T
= 6000 +— | mmm———— 3.5 TeV
$ injection phase
8 4000
O i
2000 preparation
and access 1 450 GeV
O T \ \ |
-4000 -2000 0] 2000 4000

from start of injection (s)

Also ramp time needs an update...

S. Redaelli, LPCC lectures, 07/09-04-2010 15



What has to be done in each phase?

* Procedures elaborated within the LHC Commissioning Working Group
(LHCCWG@) in preparation for the 7 TeV operation.

« Updated now for the 3.5 TeV scenario

» Particular careful for machine protection aspects!

SEEZNlll Gdeneva 23 g LHC-OPF-nBCP-jOOOZWrev 10 : )
Phase A.1 First turn: injection commissioning; threading, commiss *"==<" .y ( i — ]
— _|linstrumentation. Ring 1, ring 2. By Suicar 2 T T

CERN LHC Project Document 1o
LHC-OP-BCP-0012 rev 0.2

Phase A.2 Circulating pilot: establish circulating beam, closed orbi “— @5 g

actor Document No.

v./Group or Supplier/Contra,
LHCCWG

“ the

NG TN Y
N

— —— —— @D
450 GeV initial commissioning: system commissionin , Collider
Phase A.3 g: Sy g

Date: 2007-11-30
~

beam dump,... s

Phase A.4 450 GeV optics: beta beating, dispersion, coupling, non-
aperture,...

Beam Commissioning Procedure

LHC COMMISSIONING WITH BEAM:
Phase A.5 ||[450 GeV, increasing intensity: prepare the LHC for uns| = PHASE A.11 (BETATRON SQUEEZE)

cove
phas
This
- Pr meas
Phase A.6 |[450 GeV, two beam operation RAtem | O pbstract
B Pre This document describes the LHC beam commissioning procedures for the betatron
I R.Alem: squeeze at 7 TeV in all IP's without crossing angle. It covers the entry conditicns, the
— — * ‘ commissioning procedures and exit conditions of this phase. Possible problems and
Pha se A. 7 450 Gev c0"|5|ons ’ open gquestions are also listed.
4 ‘3 | Prepared by : Checked by: Approved by:
) R.Alemany Fernandez LHCCWG R.Bailey
1 w. M. Gi i . i
Phase A.8 |[[Snap-back and ramp: single beam/two beams ont| Y Morwe Gicanar
LHCCWS | ont Lponce "SMyers
h k : L s.Redaelli
P ha se A.9 To P energy checks R ey | LHeewe 1 W.Venturini
F.Schmidi | R-Aleman
.- . J.Wennin | A-Butterw On behalf of the
Phase A.10 [[Top energy, collisions RJones, \ | LHCCWG
F.Schmidt |y ccwe rist:

Approval | J.Wenning | p ajemany Fernandez, G. Arduini, R. Assmann, R.Bailey, 0.Bruning, H.Burkhardt,

: H H 1 M.Barnes A.Butt rth, P.Collier, S.Fartoukh, M.Gi i, B.Goddard, J.-).Gras, M.Gruwé
P h a se A . 1 1 sq ueez e : Co m m lss‘o n th e beta tro n sq u e e Ze | n a | I I p S K.Eggert, R.J:nees',.“\ll‘.,l(ain, P.I‘:o:let:.:houla(, hg,ul.an,lont,I:‘.’;'a‘::‘::zlrson,oL.P::\ce, S.Rel;iaaselli, R'..;\:bealn,
—— T.Kramer, F.Schmidt, R.Schmidt, R.Steinhagen, E.Todesco, J.Uythoven, W.Venturini Delsolaro,

G.Mornac | APprovall | 5 wenninger, T.Wijnands, F.Zimmermann
F.Strubin, | F. Bordry,

Phase A.12 ([Beam commissioning with experimental magnets

Approval list:
\ F. Bordry, L. Bottura, T. Camporesi, P. Ciriani, K. Eggert, L. Evans, M. Ferro-Luzzi

E ! ! f E[ f R. G by, J. Lett P.Leb T.L S.M V. Mert , K.-H. M '
htt : lhccwq ® Web °® cern °® ch lhccw G. Maorrona%chi, Pi l’?:z,ssi, \er‘\/.rg'i‘églerl,ng.e(}:?aory;, H. Sacirrillckler,erA,egihopper, Fe,sgltrubin,

E. Tsesmelis, R. VanWeelderen

S. Redaelli, LPCC lectures, 07/09-04-2010 \ /16



http://lhccwg.web.cern.ch/lhccwg/overview_index.htm
http://lhccwg.web.cern.ch/lhccwg/overview_index.htm

@J Commissioning vs. “routine” OP X

During beam commissioning, we want to:
1. Establish for the first time the critical phases
- First beam threading, RF capture, closed orQ
- First ramp, first squeeze, ...

Initially,
commissioning and
physics will be

2. Verify that all the accelerator system work correctly Interleaved (“staged”

- Beam instrumentation, controls

approach)

- Kickers, RF, collimators, beam dump, ...

3. Bring within tolerance the key machine/beam parameters

- Orbit, tune, chromaticity, beta-beating, coupling, aperture, ...

4. Establish re-producible reference settings for critical systems

- Orbit and optics; collimator settings

- Machine protection conditions for given beam configuration

5. Assess safely the machine protection aspect before each energy step

During beam operation for physics, we want to:

1. Re-establish the reference conditions with minot changes

2. Optimize the time without beam to improve integrated luminosity

S. Redaelli, LPCC lectures, 07/09-04-2010
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@ Example of commissioning

Very busy beam work by CCC team Very busy hardware
and many experts (single bunch up to 1e10 p) work by experts: no beam

Performance over the last 1. Hes

L LU I 1 ] nesay

L&Y

6L

Intensiny

469

269

.L 1 .
T L4 L ! L L

07/03 1300 07,03 1900 O8/03 01:00 08/03 0700 0O8/03 1300 08/03 1900 09/03 0100 09,03 0700 09/03 1300

2 days

<
-

\4

Beam 1

Ram
Beam 2 P

Problems

Performance over the last 12 Hrs

— I{B1) —— I(B2) — Energy

6E9 -
SE9
4E9
3E9
2E9 1
1E9-

)
v
=
@
—
=

l
19/03 13:00 19/03 1900 20/0301:00 20/0307:00 20/0313:00 20/0319:00 21/0301:00 21/0307:00 21/0313:00
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@J Example of operation for physics G

LHCb VELO Position Gap: 58.0 ... TOTEM: CALIBRATION -

LHCf Count(Hz): 0.000

Performance over the last 12 Hrs

— I(B1) ~—— I{B2) — Energy

2.5E10 3500

2E10- E— ~|[ 3000
g L.5E10 - izgg %
2 10 M | 1099 3
000 S

SE9 -
K 1 1 | | H 1 ' /‘W‘ 0
04/04 14:00 (04 20:00 05/04 02:00 05/04 08:00 05/04 14:00 05/04 2060  06/04 02:00 ‘e( -
1S VW
e ‘Oac\k . 5\3"\)
\N\\\ \55\
\"'\

Bunches injected, kept the minimum time
needed for tuning and for recovering ref
conditions, then ramp, then stable beams!

And then... hands OFF! ! I

S. Redaelli, LPCC lectures, 07/09-04-2010 19



@ﬂ Where do we stand?

Global machine checkout
I

450 GeV re-commissioning
i

Machine protection commissioning
l

Ramp commissioning
|

Establish stable safe beams at 3.5 TeV

Collisions at 3.5 TeV
|

Squeeze
I

Collisions at 3.5 TeV squeezed

S. Redaelli, LPCC lectures, 07/09-04-2010

System/beam commissioning continued Vv

today

20



@| 2010 commissioning milestones

27t Feb

28th Feb

5th March

8th March

12th March

15th - 18th March
19th March

26th - 29th March
30th March

1st April

4th - 5th April

7th April

S. Redaelli, LPCC lectures, 07/09-04-2010

First injection

Both beams circulating

Canonical two beam operation

Collimation setup at 450 GeV

Ramp to 1.18 TeV
Technical stop — ber
Ramp to 3.5 TeV

Preparation of ‘stab
First 3.5 TeV collisig
Betatron squeeze to
19h-long store with

Betatron squeeze to

Can only show a selection of topics:

Injection
first beam threading
RF capture
Q, Q’, orbit adjustment
optics and aperture
collimator setup
3.5 TeV ramp
squeeze
beam dump
pre-cycle

21
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Injection 670

KICKER

04 D2 Dt Q3 Q2 @
DFRXMIKA  NOUE  NOXA MCRW VEXW
TDIcop 0 . 2

b

| 0FAM

I MY NBRC X270C

_IET_'—_—_—_Q—_D ‘L ]

BPM and BLLM O BIPX hming P LS m -
D HBENVW position | Sm
Beam-beam rate momitors a BTV first turn screen -0.5m
C on for mection <05 m
D BT beam current transformer - | m

Extensively tested during TI2/8
commissioning and sector tests:
- synchronization of kickers with extracted beam
- steering of the transfer lines
- protection settings
- injection quality checks
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Beam threading - Beam1 on TDI

DFBM  DFBM
- S| MY | | MKl | [MOY  MBRC| X220C i | TCoDMBX|
_ — | Ni=r ) —
1 A 8 8 I 5 5 ) s
1 0 1
Cleoning};‘ Cleaning w2 2la ] ; = I |
TeA 3626 4,767 !
218 0113 |34 15.306 | 134 402/ | 15 IR EEgVA
ALlos he—s Collimators in all points were used to stop the beam:
- optimize beam trajectory before going into next sector;
- Improve the show!
IP4 IP5 IP6 IP7 IP8 IP1
l I I I | I I | I I I | o ]
— 3| 09:33:43 : : h
L0 T SN SRR SR S o R o 3
) = "TDL.4L2 =
0 — : : —
% — _
S0 =
S - -
qv)
M, 5 .
TO = b —
= 1 S - N SN L N | | | =
0 ) 10 15 20 25

Longitudinal position [ km ]
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IP2 IP3 IP4 IP5 IP6 IP7
L I I I I | I S I l I I I | I S I
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B 1O4E_I§Ei ..................................
£ — E
® — :
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as — ALICE
-5 L | .................................
10 — : ATLAS —
— I I | - I I o I I ]
20 — — : —
'g 10 -
= [] [] (]
8 L] L L
~ -10- ; | . :
B i Teesy Horizontal trajectory
0 100 200 200 400 500
Monitor H
Bl R 3 0. B e e E i Ll R L D O e N R AN R R e e R 55 63
20 Mean = -0.587 / Rn$ = 1.121 / Dp = 70
£ .0 M M I
S | L L L
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. T Vertical trajectory
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Beam threading - beam to CMS

—
— "
| —
—
Pt
-—
——
-
— 4

H Pos [mm]

V Pos [mm]

Courtesy of CMS team

S. Redaelli, LPCC lectures, 07/09-04-2010
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Beam losses [ gy/s ]

10°
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Beam losses [ gy/s ]
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Beam threading - Beam1 to IR8

P2 IP3 P4 IP5 IP6 IP7 IP8 IP1
- - - -
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ATLAS 2008-09-10 10:19:10 CEST event:Jive

-

—
o
&

Beam losses [ gy/s ]
S

10°

FT-P 450.12
107

H Pos [mm]
o
|
|

10—

FT - P 450.12
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Mea

»
} —r - e
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[}
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-10 0

L
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L1C
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S —— .
5- first beam event seen in ATLAS
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4y

alo Stream

-
.

)| Beam threading - Beam 1 to ATLAS

LS
Atlantis

jeometry: <default>

L)

gy BE s PR
2 rvornDiaruuT

S Courtesy of T. Wengler for the ATLAS team
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Beam losses [ gy/s ]
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10:_ ...............

FT - P450.12 GeY/c - Fill # 827 INJDUMP - 10/09/08 10-41-34 -

10 |

0.590 / R§S = 4.37G / Dp = -0.J1

£

- 0 ||
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Acquisition Type:  One extraction

Camera Switch: RAD ON

Screen: Al

FT - P450.12 GeV/c - Fill # 827 INJDUMP - 10/09/08 10-41-34 =

10

Mean = -0.323 / RM§ = 3.581 / Dp = -0.71

Vertical trajectany

-§- 5
E . A 1
4 [ 1k H |
o : :
s . .
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) RF capture

P/ DP0O7254 Acq MR Time 4CH with CH3 Inverted.vi Front Panel * o [=] 3] S
CH3 Mountain Range i
File Edit View Project Operate Tools Window Help RIS CH3 Mountain Range|

[B]e] 1] [155 avpicstonrore |~ [5~] e ][] 1 o

~——r

b Choose Channels to ire: Date:
| e cha TE. 00-05-11
Sty oo ime: bt
ST
e s ey o) re) (o)) (o) - prore——
File Index for next Save = i
D PN S Ve SIS
S S e sl AR A A s ST gﬁm iomaa
e e AT S S N Fllbname of actual datal | e e T T T A A o T R o e i e S R o
= R o T e R R S T R e o S 2
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e oA PN S e S | - \
o e e A T R A R e i ;
R e D T T e A T e Dt A T A I A e T
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o Bunch Length at Position Min Estimated Bunch Length 3
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oK o Separation arrection:
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without cable N‘_..-Ji 03 fi
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X

LHC - B1 - Fill#1020.0

2010-04-03 15:40:28
RAWRFFT: 8192 turns@2.0Hz
no excitation

Q1= .279645
Q2= .310450
IC-| = .009462

280389
309703
450.2 GeV

QX =
Qy =
E:

LHC - B2 - Fill#1020.0

2010-04-03 15:40:37
RAWRFFT: 8192 turns@2.0Hz
no excitation

Q1= .279884
Q2= .309541
IC-| = .005246

280118
309307
450.2 GeV

QX =
Qy =
E:

Optimization at injection

- Tunes to nominal injection values
(H/V=0.28/0.31)

- Chromaticity under control

- Coupling under control

- Repeat with experiment magnets on

- Establish reproducibility fill after fill
(with pre-cycle)

Work of weeks!

LHC FBCT Beam Lifetime

I(total) B1:

Average lifetime B1:

Average lifetime B2:

13-03-2010

I(total) B2: 4.14e+09

16:42:34
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2010 reference “golden” orbit

9

e 06 X! YASP DV LHCRING / RAMP_3.5TeV_2Aps_short_V1@2800_[END]_Fill(1000)_2010-03-29_05:16:35 / beam 1
@?iewsvl |0 B 88 \ More _|
CO - P 3500.28 GeV/c - Fill # 995 FLATTOP - 26/03/10 18-14-02 55 63
000 X' YASP DV LHCRING / RAMP_3.5TeV_2Aps_short_V1@2800_[END]_Fill(1000)_2010-03-29_05:16:35 / beam 2
[ views | m| 2 =8 | More |
CO - P 3500.28 GeVY/c - Fill # 993 FLATTOP - 26/03/10 18-14-02 5 B3
6 H . . . H . . H
Mean/= 0.025 / RMS = 0.510 /A Dp = 0.01 ; ; ; ; : :
_ 9 | | | | | ; Beam 2 -H
E 21 5 : : : : : :
E ] 1) 7 | N
o 1| K L
T -2 : :
—4 : : i : : : : :
. ATLAS M-CLEAN CMS B-CLEAN
= 1 I I 1 I
0 100 200 200 400 500
I Monitor H
CO I P 3500.28 GeV/c - Fill # 993 FLATTOP - 26/03/10 18-14-02 5 B3
[ |Mean = -0.039 / RMS = 0.498 / Dp = 0.01 |
i = 5 é | Beam 2 -V
= p 1] ' | K | : A
© il LA il :
a ' :
> =27 : 5
-4 : : i : : : : :
. ATLAS M-CLEAN RF-B2 CMS B-CLEAN
= 1 I I 1 I
0 100 200 200 400 500
Monitor V

| - P 3500.28 GeV/c - Fill # 995 FLATTOP - 26/03/10 18-14-02 -

&
4 -

Mean = -0.039 / RMS = 0.498 / Dp = 0.01 Is this good or bad??

| J. Wenninger
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!@;ﬂ One word on references and tolerances (%%

30—
l Cold aperture:
- | | | | uench limit ~mJ/cm3 : :
201 | ‘ O } _ Orbit, beam size and
i | alignment must be
£ 10- ] controlled well and kept
E L | .
= constant to avoid
S Up to 360 MJ problems!
£ oL ~ stored energy
o = |
CU -
g Tolerance table
SN ] Closed orbit + 4 mm
- | | : Beta-beat + 20 %
200 ; 3 T Spurious dispersion 27% DrnomAre
Transverse view in an arc Mechanical tolerance 1-2.5 mm
-3_030I - I_2|OI - I_-lloI - (l) — 1|OI - I2|OI - I30 A“gnment 1 0'1 6 mm

Horizontal aperture [ mm ]

In addition, collimators gaps are set with respect to reference orbit and beam size

(remember Spain/ltaly on euro coin ! !).

A new collimator alignment campaign (several hours) needed if reference changes!
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) Optics: dispersion

YASP DV LHCRING / 3.5TeV_2Aps / beam 2
[Rviews | R (w| 5 s8| G5 E More | k4B
121703710 22-18-03 - FILL # 975 [21/03/10 04:27:57]

3 Mean = 1.147 / RMS = 0.803

2_ ot

. WA I,..t ,'..',s'a.',.'.ﬂj' L J’. AUVAAAT AL . .'sd,,'.. u.'..h’..', | '..'.s U TAACUATARMEL, ..‘.\'1' AL o AN ..,.'s

0 - - g

Disp H [m]
o

0 10 20 30 40 50 60
Mu [2pi]

‘ 21/03/10 22-18-03 - FILL # 975 [21/03/10 04:27:57] =

0.15 {Mean = -0.004 / RMS =  0.020

Disp V [m]

Mu [2pi]

J. Wenninger
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10-3-2010, 450 GeV +~+  +
3.5 TeV (AC dipole) = T |

2000 10000 15000 20000
Longitudinal location [m]

20% beating!

S. Redaelli, LPCC lectures, 07/09-04-2010
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@ Aperture measurements

1E-4

Sector 1-2 Sector 2-3 Sector 3-4 Sector 4-5 Sector 5-6 Sector 6-7 Sector 7-8 Sector 8-1

1E-5 ‘

Beam losses

1E-6

1E-7

1E-8
1E-9

1E-10

Beam envelope +
aperture model

T T T T T T T T T
15800 16000 16200 16400 16600 16800 17000 17200 17400
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Collimator setup

— LHC Collimator Control Application - LHC beam commissioning (Device: TCTH.4R5.B2/TCT.IP5.B2.1.H) ||l
¥ REA: Ihcop

File Settings Reset More displays Help

| Jaw corners | Positions/Angles = Increment :'@w:m 10 More
w v
Beam loss data [28/03/10 15:27:12] A~
Set absolute jaw positions and angles 1.0E-3 -
Left POSIT [mm}: -0.193 Apply ! J 1 /ﬁ f"ll
- |
‘ — 1.0E-4 = 2 }
Cancel last | 3 e : it ‘(
Right POSIT [mm}: -2.067 = ] ' ||
Stop all! J g 1 l
— A \
? 1.0E-5+ “ H‘J'F"Hf\' J \\ i 7 f.k N
1 - r s
Left ANGLE [mrad}: 0.0 Out switches | Po : ‘-’\4 b Tavat A, Y 'ulI WO
‘ = . I‘J ™y 1 \I
g | | rJ 'l|‘|r|. ﬁl .f.l' I ! r
~ I‘l . '.‘,"l{ PR " IL'. . |I'.
. : = 1.0E-6 - \ L
Right ANGLE [mrad}: 0.0 Lo /
Initialization... !
Left Jaw Quer-n Qur-our @ ow-iN @ pw-our 1.0E-7 : ; . . : . T
15:25:00  15:25:20 152540  15:26:00 15:26:20  15:26:40  15:27:00
Right jaw Que-n Qur-out @ ow-in Q pw-out Jaw positions (28/03/10 15:27:12] g e
Anti COLL Q vur © pown
4.00-
Positions readout from the low-level 3.00-
LVDT's - Left UP  -0.175 Gap UP 2.869 T 2.00-
£
E E
Jaw edges |~ | Left DW  -0.199 Gap DW  2.864 £ 100
S
Right UP  -3.058 Centre UP -1.617 2 LA *h
i -1.00-
Right DW  -3.048 Centre D -1.624
‘ -2.00-
Display jaw: v Left Jaw (dashed) |v Right jaw (solid)
. — : N , -3.00-
Positions: viSet [v/LVDT [ ] [(JLim [ JRes [ |Motor ! I ‘ ' I ' '
. . , . 15:25:00  15:25:20 15:2540  15:26:00  15:26:20 15:26:40  15:27:00
BLM: viBlIM1 [ JBIM2 [ IBIM3 [JBLM4 ¥ LogY

time [hh:mm:ss]

| Console

H[c i

15:02:41 - Ready.
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@
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1.0e-07 |
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. ! | . 5
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1 ! | _ 8
|| 1 | =
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| | -
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I |
\SL
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. - ‘
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O
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9

Displayed Function: LHCBEAM/MOMENTUM

Ramp functions - dipoles

Displayed Functiorn: RB.A12/1

—_— 001 - 3-5 kA — 60007
% . 3.5TeV ramp with < _ 7
— nominal settings = -
I;I 250“ th 4000+ ////’/’ ’
) 5 P
CT) 200 &) -
C -O 3000 o
D o P
& >R -
Qv I % P
O A
m % 1000 -'/”//
3001
[I| - 26[] 4|I]|] 6["0 s[lm 1000 1 OOO S 6 560 10'00 15‘00 20'00 25'00
Displayed Function: LHCBEAM/MOMENTUM
= Present ramp with P
; maximum di/dt =2 A /s e
> 3000 —
I_ .r”""“’”’“
—! 2500 - e
53 e o
= e We are limited by the new QPS
S b system: 2 A/s instead than 10 A/s
1500 - e
& e
O 1000- L Ramp to 3.5 TeV is taking ~ 45 min
0 o Instead than less than 20 min.
500 e
ll] 560 10100 15I00 20'00 25100 2800 s
Time [s]
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= Monitoring application. Currently monitoring : LHC - [32 subscriptions ]

®) LHC |¥w

[Display the graphs on 1=~ column(s) for

8,000+ points |

Minim

um graph width 1504+ px - height

150 px

show legend | [v] smooth graphs v show points

hunilming SUB_51 for 32 devices : RPRHEUAG3.RQF.AS6/SUB_51 ...

8000 -

7000

6000

5000

4000

<
-
-
)
| -
| -
-]
@)

3000

2000

1000

Top
energy

09:30

09:50

10:00

10:10

The magnetic fields must match the beam energy!

Time [hh:mm]

Pre-generated functions are loaded into the power converters and are triggered simultaneously

by timing events. Need to be updated after corrections and injection (“incorporation”).
Synchronous movements of power converters, radio-frequency and collimators!
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D) Frequency change during ramp

e 06 X Trim Editor
[B * REA: no token |(® LHC |w | OP vJ Orr |v| [

i
Beam Processes Parameter selection EANGRASISIEREINE ]
RAMP_3.59TeV_ZApS_VI@FFHU_[END|_FIIYU06) 4o |

l System Type Groups Parameters
RAMP_3.5TeV_2Aps_backup-190310 ORBIT-H ~| [RADIAL_CORRECTION —_— ©)

RAMP_3.5TeV_2Aps_short_Clone_V1_FeedFo
QRSN RSTEERING RFBEAM1/FREQUENCY_PROGRAM

h AV N

F BEAM CONT COARSE_FREQUENCY_PROGRAM
RAMP_3.5TeV_2Aps_short_V1@0_[START) R e <
2 QUENCY_PROGRAM
RAMP_3.5TeV_2Aps_short V1@2800_[END] RF CAVITY CONTROLLER B1 PHASELOOP_GAIN
RAMP_3.5TeV_2Aps_shor_Vi@2800_[END).Fi RF CAVITY CONTROLLER B2 RADIALOOP_GAIN
RAMP_3.5TeV_2Aps_shor_V1@2800_[END]_Fil — - -
-3.3TeV_2Aps_ -[END] RF IN) PHASE B1 RSTEERING_REF

Il

RAMP_3.5TeV_2Aps_short_V1@2800_[END]_Fil

RAMP_ 3.5TeV_?Ans_Shon_Vl@?Sﬂﬂ_[FND]_Fill Rr, INJ ,PI'ASF - — S:TA!{LLH!ASE
. RF_NOT_USED SYNCHLOOP_A
RAMP_3.5TeV_2Aps_short_V1@2800_[END]_Fil
RAMP_3.5TeV_2Aps_short _V1@2800_[END] FII| RORAN FOTS SYPCHLOOFGAIN
ittt ~= v | | SEPARATION/RECOMBINATION || SYNCHLOOP_TAU [ Select Al
< [ | ’| cvnameovTUDALES Y :
[]Show hidden [ Select All [ Select All |{ Hierarchy ] Show Field(s)
Setting part: ® Value  Target _ Correction [ Trim History | Time base: ® SuperCycle ( Cycle/Beamprocess _ Injection

Displayed Function: RFEEAM1/FREQUENCY_PROGRAM

789700 - 3% Trim
789600 -

789500 -

Abort Trim

789400

789300

789200 - Cancel Last Trim
789100

789000 - 200 Hz

Apply
788900 -
1 Ll 1 1 1 1
0 500 1000 1500 2000 2500

ks @ M __ Trim Expert Params
| Grapn | Table |
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Collimator ramp functions

= Monitoring application. Currently monitoring : LHC - [75 subscriptions ] | -]
@ LHC ||
[Display the graphs on 1= column(s) for | 4.000’: i points | Minimum graph width 150 px - height | 150 px | [ ]show legend | [v]smooth graphs | (v show points]
Imonitoring MeasuredCornerPositions for 75 devices : TCDIV.29012/MeasuredCornerPositions .. |Fixed Graph'Close
15

. Top energy
—_— gaps

gaps

-15

T 1 T T Ll T T L T
11:45 11:50 11:55 12:00 12:05 12:10 12:15 12:20 12:25 12:30
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D) Betatron squeeze

Beam Processes 4 Parameter selection - LHCRING
_NON_MULTIPLEXED_LH( -’ System Type Groups Para
DISCRETE_LHCRING_INJ_KICKER_V1 LHCINJKICKERS al [K - [RQY.LBBL/1
SQUEEZE_STeV_IR5_V6_V6 LHCB/Comp _ | [=] DON1LERY L

CollimatorinjectionBP_V1 ~| LLS ¥ |IREF v L Sel

Show hidden Select All | Select All Hierarchy

Setting part: '® Value Target Cormrection ' Trim History Time base: ® SuperCycle Cycle/Beamprocess Injection
Displayed Function: RQ10.L5E1/1, RQ10.L5B2/1, RQ10.RSE1/l, RQ10.RSB2/I, RQ4.L5B1/l, RQ4.L5B2/1, RQ4.RSE1/1, RQ4.RSB2/I, RQ5.L5B1/l, RQ5.L5B2/1, RQS.RSE1/|, RQ

Gain luminosity without
Increasing the stored
energy!'l!

3500

3000

Ex: three different
- g"_“'L;;g:;;g;_g; ~optics In IP5 for 3" =

300 BETX - bet9-blxfs

BETX - bet7 bt | . 11m (inj), 9 m and 7m

2500

__zt
e —
Legend
—— RQ10.L5B1/1
« RO10.L582/1
2000 - ~ RO10.R5B1/1
- RO10.R5B2/1 —~
RA4L5B1 1 =
ROAL5B2/1
— RO4.R5B1/1
— RO4.R5B2/1
< ROS5.L5B1/1 288 ! J | ,
1500 - ~ RO5.15B2/1 - g 4
—= ROS5.R5B1/1 ! Q; Il » /'\ g

250+

Current [ A]

~ RO5.R582/1

- RQ6.L5B1/1
RO6.L5B2/1 [ A\ '

-~ ROB.R5B1/1 PAR F %

|
*
1 | \
= ROG.R5B2/1 TIRY 3 S R j f f / 4 \'i
[
!
|

BETX
A
M‘\“‘-

1000 —~ RO7.L5B1/1 150 T\ §
— ROZL5B2/1 'THERN §

~— ROZ.R5B1/1 \\

—— RQ7.R5B2/1 ' i

- ROS.L5B1/1 / ;

—— ROBA5B2/1 / \%

| - ROS.R5B1/I | ¢ 3\

500 b Rq.'asnll 100 :u :._.' ,"I

—— ROS.L5B1/1 f ) : | —/
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@ Results from YESTERDAY night (%

ImageMagick: betaSqueeze.eps

LHCB1 3.5TeV

T
)

Impressively good
results for the first
testdowntof =2 m

10 12

* set value [m
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Beam dump i

TD68.BTVDD.689339.B1
2010/03/24 03:23:34.600000

200

100

y [mm]
o

—100

~200 |
~200 ~100 0 100 200
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T

Magnetic field depends
on powering history

end of precycle

These effects can be dangerous for
the beam. A tight control requires to
pre-cycle the SC magnets to re-
establish the same magnetic history
before each new fill.

Current (A), Harmonic bn (Units of 10-4 at 10mm)

M. Lamont 00
S. Redaelli, LPCC lectures, 07/09-04-2010

ext

Dynamic field effects

constant current

acceleration
| injection \
I |
I |
| | y
| I
| |
| |
| |
: S araE
o0 o
—_— ,..:.l _______________ _.'._'_ ..
/1 |Decay and snap-back
R ;::’ : Dipole Magnet: bl =2.8,b3 =
rg(} : 3 -3 l
\ & I
& I '
/
I
|
1 1 I 1 1 1 1 |
0 500 1000 1500

Time (s)
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9

Pre-cycle

monitoring SUB_51 for 224 devices : RPHGA.RR13.RQ9.L1B2/SUB_51 ...

Fixed Graph

Close

S. Redaelli, LPCC lectures, 07/09-04-2010

Time [hh:mm]

2500 -
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< // u \\\\
— / u! \

( Y \ \
qc) \ \
- 0551, 127,95\ ) \
@ N \ \
= |1000- . \
S SN T\

R, v [V \\
= 500 ._ \%K
e - —
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@) Outline

* Recap. of 1st lecture
e Parameters for 2010-11

* Operational phases

- Commissioning: baseline / status
- Operation routine

 Operational tools
- Page 1’s / fixed displays
- More applications

* One shift of LHC operation
- How do we operate the LHC
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PROTON PH

T (Energy:  [IEEEIIEY

Beam

The LHC page1

o0

E: 3500 GeV

30-03-2010 13:30:26
A Y Machine:bes

S A

.. L5E10

1E10

Intensity
| .

SE9

DED - Y 1
12:00

A 11:45

ISO_GPS
ISO_HRS
CPS

CPS_EAST
cre Operation crew’s com

/ t:g; ents 30-03-2010 13:22:57 :
LHC_CONFIG Stable beams!

LHC_Coordination
LHC_CMS_Experiment
LHC_Exp_Magnets
LHCf Experiment
LHC_OPERATION
SPS_PAGE1
SPS_SFTLONG
SPS_CNGS
SPS_LHC_HIGH
SPS_LHC_LOW

Pperation in CCC : 77600, 70480

CHANGE BEAM MODES (RED = RF SYNCHO NOT ALLOWED / GREEN = RF SYNCHO ALLOWED):

SETUP INJECTION PROBE BEAM INJECTION SETUP BEAM
INJECTION PHYSICS BEAM PREPARE RAMP RAMP
FLAT TOP ADJUST SQUEEZE

STABLE BEAMS UNSTABLE BEAMS BEEAM DUMP

RECOVERY RAMP DOWN CYCLING

ABORT NO BEAM INJECT AND DUMP

CIRCULATE AND DUMP

CHANGE ACCELERATOR MODES (RED = OPERATIONAL / GREEN = NON_OPERTIONAL):

PROTON PHYSICS ION PHYSICS TOTEM PHYSICS

MACHINE DEVELOPMENT MACHINE TEST RECOVERY

EEAM SETUP ACCESS MACHINE CHECKOUT

SECTOR DEPENDENT SHUTDOWN COOLDOWN

WARMUP

Global Beam Permit
Setup Beam

Beam Presence
Moveable Devices Allowed In
Stable Beams

PM Status B1 BRSIFAIRSsENPM Status B2

ENABLED

http://op-webtools.web.cern.ch/op-webtools/vistar/vistars.php?usr=LHCI1
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http://op-webtools.web.cern.ch/op-webtools/vistar/vistars.php?usr=LHC1
http://op-webtools.web.cern.ch/op-webtools/vistar/vistars.php?usr=LHC1

@J Interlock / SMP panel on pagef %

BIS status and SMP flags Bl B2

Link Status of Beam Permits true SMP = safe
machine

parameters

Global Beam Permit

Setup Beam true

Beam Presence
Moveable Devices Allowed In
Stable Beams

dUBSIOER R ENABLED [HUBSi=\OCN:PE ENABLED

BIC status and SMP flags
Link Status of Beam Permits

Global Beam Permit
Setup Beam
Beam Presence Allows experiments to

Moveable Devices Allowed In take data with sensitive
Stable Beams components: all safety

conditions are met!
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@ Page1 for injection modes od

BEAM SETUP: INJECTION PROBE BEAM
0.00e+00 [RCERT 0.00e+00 0.00e+00 [RICE 0.00e+00

TED TI2 position: BEAM TDI P2 gaps/mm : O. down:

TED TI8 position: BEAM TDI P8 gaps/mm . 8. down: 8.36

e
=
w
=
o
-
=

%

19:00
Time

Comments 23-03-2010 19:52:12 . BIS status and SMP flags Bl B2
Link Status of Beam Permits true |

Global Beam Permit

Setup Beam  true

Beam Presence

Pre-cycle completed, preparing

for injections.

Moveable Devices Allowed In
Stable Beams

LHC Operation in CCC : 77600, 70480 JURS RN ENABLED  [Juissie-)dJRN:»8  ENABLED
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@ Inject&Dump or Circulate&Dump X

LHC Pagel Fill: 981 E: 450 GeV 23-03-2010 21:57:43

BEAM SETUP: INJECT AND DUMP
0.00e+00 IR 0.00e+00 0.00e+00 R 0.00e+00

TED TI2 position: BEAM TDI P2 gaps/mm . O, down:

TED TI8 position: BEAM T . 8. down: 8.36

a0
P~ 0

s0{ Screens of

-100

5o dump line

1 T
100 , -200 -100
X X

Comments 23-03-2010 21:30:00 : BIS status and SMP flags
Beam dump studies Link Status of Beam Permits
Global Beam Permit
Setup Beam

Both beams in, but still synchro problem

. . . Beam Presence
RF experts are investigating Moveable Devices Allowed In

Stable Beams
LHC Operation in CCC : 77600, 70480 U UER  ENABLED [JERSi-idER-»8 ENABLED
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@m Page1 during energy ramp
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Ramp Down / Recovery

LHC Pagel Fill: 1024 E: 7864 GeV 07-04-2010 00:41:22

PROTON PHYSICS: RAMP DOWN

7864 GeV RGIO) 1.32¢+09 RN 0.00e+00

Post Mortem Information

PM event ID: Tue Apr 06 22:07:18 CEST 2010
PM event category: EMERGENCY_DUMP

PM event classification: MULTIPLE_SYSTEM_DUMP

PM BIS Analysis result: First input change detected: USER_PERMIT: Ch 12(PIC_MSK): AT -> Fon CIB.UA87.
PM comment:

Info on the last post-mortem event,
with comment by the EIC.

Comments 07-04-2010 00:36:48 : BIS status and SMP flags
Access needed to fix a EE switch problem Link Status of Beam Permits

in RQTD.AS1B1 Global Beam Permit

Setup Beam
. . Beam Presence
Next fill for physics Moveable Devices Allowed In

Stable Beams

LHC Operation in CCC : 77600, 70480 U -IOEN Y ENABLED [uBSicidEN:»E  ENABLED
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Access — a bit sad...

LHC Pagel Fill: 1028 E: 7864 GeV 08-04-2010 21:03:21

ACCESS: NO BEAM

Comments 08-04-2010 19:12:09 : BIS status and SMP flags
technical stop Link Status of Beam Permits

Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

LHC Operation in CCC : 77600, 70480 RS- IOEN 3 ENABLED [JuiSirldEN:»8 ENABLED

S. Redaelli, LPCC lectures, 07/09-04-2010




Pagel - powering mode

SECTOR DEPENDENT: NO BEAM

Sector 12: PO PHASE 2
Sector 23: - POPHASE2) (L e
Sector 34: PO PHASE 2 sectors

Sector 45: PO PHASE 2
Sector 56: PO PHASE 2
Sector 67: PO PHASE 2
Sector 78: PO PHASE 2
Sector 81.: PO PHASE 2

Comments 08-02-2010 11:14:49 . BIC status and SMP flags

changing LHC modes for software tests Link Status of Beam Permits

Expts: Switch to internal clock, as we Global Beam Permit

My daughter-
Moveable Devices Allowed In
# 1s obligatory Stable Beams

LHC Operation in CCC : 77600, 70480 PM Status Bl AUBS IO P ENABLED
S. Redaelli, LPCC lectures, 07/09-04-2010




@ﬂ Very high energy... LG

g PRUTONG

Post Mortem Information

E: 7804 GeV

and SMP flags
nk Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
aces Allowed In

Don’t panic! Easy way to see if there is beam or not...
Distributed energy info goes to the maximum (safest settings
for machine protection) in case of errors of the beam energy

measurement based on dipole current reading. We would tell you in

advance - probably - if we

tried higher energies...
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@ LHC “operation” Page1 X

30-Mar-2010 10:56:45 Fill #: 1004 Energy: 297.4 GeV I(Bl1): 1.55e+08 I(B2): 6.79e+07
ATLAS ALICE CMS LHCb

Experiment Status STANDBY STANDBY STANDBY STANDBY

Instantaneous Luminosity 0.000e+00 0.000e+00 0.000e+00 -1.000e+00

BRAN Count Rate 0.000e+00 1.960e-01 2.855e+00 1.123e-02
BKGD 1 0.002 0.013 0.002 0.131
BKGD 2 0.000 0.000 0.000 0.002
BKGD 3 0.000 0.005 0.000 0.038

LHCf Count(Hz): 0.000 |LHCb VELO Position Gap: 58.0 mm W

Performance over the last 12 Hrs

{81} = I{(B2) - Energy
3500
b 4
2E10 ST 3000 _
: - >
£ 1.5E10- 2500 &
a -2000 =
¥  1E10 ~ 1500 =
= | i c
5E9- 1 1000 S
=500
T Y T T Y 0
06:00 10:00 14:00 18:00 22:00 02:00 06:00 10:00
Background 1 Background 2
ATLAS AUCE = (MS LHCb ATLAS AUCE =— CMS LHCb
0.2
- 0.15- ~ 190
(] (=}
(T d 100+
z 01 p
= @ -
0.05 »0
0 - : ' | - 1 - || 1 — 0 1 1 1 | |
10:30 10:35 10:40 10:45 10:50 10:55 10:30 10:35 10:40 10:45 10:50 10:55
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Beam current / lifetime display

LHC FBCT Beam Lifetime
I(total) B1: I(total) B2: 13-03-2010

Average lifetime B1: Average lifetime B2: 16:42:34

FBCT Be Upda yd: 16:42:34

Updated: 16:42:34

Wastme
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@ﬂ Cryogenics paget L

LHC Cryogenics Pagel 25-03-2010 01:38:03

BEAM SETUP: CYCLING

BPHCM ITRL CSITR1 CM MSR1 CS MSRL CM AR12 CSAR12 CM MSL2 C
! CM AML3

S 23 CM MSR2 CS MSRZ CM AML3

s 34
s 45 Cryo MAINTAIN and START
s 56 for each cryogenics sector

SESYACM MSR6 CS MSR6 CM AML7 CS AML7
SRSl CM AMR7 CS AMR7 CM MSL8 CS MSL8 CMITL8 CSITLS
CRSIMCM ITR8 CS ITR8 CM MSR8 CS MSR8 CM AR81 CS AR81 CM MSL1 CSMSL1I CMITLYLT CSITL1

RF : CM 1L4 CS1L4

CM R4 CS1R4 CM2R4 CS2R4

CM 2L4  CS 2L4

Average Temperatures (in K):

LSS12: .
The message here is:

L=S34: all GREEN — good
LSS56: some CRYO-START RED — bad
some CRYO-MAINT RED — VERY bad

LSS78:

60A Power Permit:
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9,

Power converter status displays

T [+ Monitoring set: SECTOR23 25 March, 2010, 02:37:
:RB_AZS :ECBCHIO.L3BI }CBCHIO.RZBI» }CSCHS.RZBZ —“RCBCHG.L331' -‘TZCBCI"d onet |Taremuzi2es [[Brerur00es [Morerue: °B1
‘vRCBCHs.RZBI ::‘vRCBCHQ.L3BZ ‘vRCBCHQ.RZBZ KCBCHSS.RZBl ';CBCHSS.RZBZ ICBC\J 32
"RCBCV6.R2B2 || RCBCYV7.L3B1 || RCBCVZ.R2B1 || .RCBCVS.L3B2 || RCBCVS.R2B2 || RCBC B2
RCBH11.L382 || RCBH11.R2B2 || RCBH12.L381 || RCBH12.R2B1 || RCBH13.L382 || RCBH 32

b4 e
 ,RCBH15.R2B2 || [RCBH16.L3B1

—a
| ,RCBH16.R2B1 |

—
 RCBH17.L3B2 |

ad
| RCBH17.R2B2 |

hd e
 RCBH18.L3B1 || [RCBH18.R2B1

-
| RCBH19.R2B2 |

-
 [RCBH20.L3B1

b [
 LRCBH20.R2B1 || [RCBH21.L3B2

—a
| LRCBH21.R2B2 |

2
 RCBH22.L3B1 |

ahd
| RCBH22.R2B1 |

hd e
 RCBH23.L3B2 || RCBH23.R2B2

—a
| RCBH24.L3B1 |

~2
 RCBH24.R2B1

b [
 LRCBH25.L3B2 || [RCBH25.R2B2

—a
 RCBH26.L3B1 |

h
 RCBH26.R2B1 |

—a
| RCBH27.L3B2 |

hd e
 RCBH27.R2B2 || [RCBH28.L3B1

—
 RCBH28.R2B1 |

—2
 LRCBH29.L3B2

b [
 LRCBH29.R2B2 || [RCBH30.L3B1

—
 LRCBH30.R2B1 |

h
 RCBH31.L3B2 |

—
| RCBH31.R2B2 |

hd e
 RCBH32.L3B1 || RCBH32.R2B1

—
 RCBH33.L3B2 |

—
 [RCBH33.R2B2

b ad
 RCBH34.L3B1 || RCBV11.L3B1 |

—
 RCBV11.R2B1 |

L&
 RCBV12.L3B2

-
| RCBV12.R2B2 |

hd v
 RCBV13.L3B1 || RCBV13.R2B1 |

—
 RCBV14.L3B2 |

2
 RCBV14.R2B2 |

e v
| RCBV1S5.L3B1 || RCBV1S5.RZB1 |

—
 RCBV16.L3B2 |

—
| RCBV16.R2B2

—
 RCEBV17.L3B1 |

4 .
| RCBV17.R2B1 || RCBV18.L3B2 |

—
 RCBV18.R2B2 |

—
 LRCBV19.R2B1 |

B d
 RCBV20.L3B2 || RCEBV20.R2B2 |

—
 RCBV21.L3B1

—
 RCBV21.R2B1 |

—
| RCBV22.L3B2

B d
 RCBV22.R2B2 || RCBV23.L3B1

—
 RCBV23.R2B1

—
 LRCBV24.L3B2 |

o v
 RCBV24.R2B2 || RCEV25.L3B1 |

—
 RCBV25.R2B1

—
 RCBV26.L3B2 |

—
| RCBV26.R2B2

B B
 RCBV27.L3B1 || RCBV27.R2B1

—
 RCBV28.L3B2

—
 LRCBV28.R2B2 |

hd (. B hd hd hd v o i

 RCBV29.L3B1 || RCBV29.R2B1 || RCBV30.L3B2 || RCBV30.R2B2 || RCBV31.L3B1 || RCBV31R2B1 || RCBV32.L3B2 || RCBV32R2B2 || RCBV33.L3B1 |

d v - w - - w - .

 RCBV33.R2B1 || RCEV34.L3B2 || RCBWH4.L3B1 || RCBWHS5.L3B2 || RCBWV4.L3B2 || RCEBWV5.L3B1 || RCBXH1.R2 || RCBXH2.RZ2 || RCEXH3.RZ |

b 4 hd o b B B 4 - B

| o RCBXV1.R2 || L RCBX¥2.R2 ||, RCBXV3R2 || ,RCBYH4.R2B1 ||RCBYHS4.R2B1 ||RCBYHS4.R2B2 || RCBYV4.R2B2 || RCBYVS4.R2B1 || RCBYVS4.R2B2 |

o RCD.A23B1 || RCD.A23B2 || RCO.A23B1 || RCO.A23B2 || RCS.A23B1 ||, RCS.A23B2 || . RD1R2 o RD2RZ2 4 ROD.A23B1

4 ROD.A23B2 || ROF.A23B1 || ROF.A23B2 JRQ10.R2B1 || _RQ10.R2B2 RQ4.R2B1 RQ4.R2B2 4RQ5.R2B1 4RQ5.R2B2

o RQ6.L3B1 ||, RQ6.L3B2 || . RQ6R2B1 || . RQ6R2B2 || LRQ7.R2B1 || L RQ7.R2B2 | LRQ8R2B1 || LRQ8R2B2 || LRQ9.R2B1 |

4 e 4 - - - - - -

| JRQ9.R2B2 || . RQD.A23 || . RQF.A23 | RQS.A23B1 || RQS.L3B2 RQS.R2B2 || RQT12.L3B1 || RQT12.L3B2 || RQT12.R2B1 |
- - - . 4 - 4 hd hd

| RQT12.R2B2 || RQT13.L3B1 || RQT13.L3B2 || RQT13.R2B1 || RQT13.R2B2 | RQT4.L3 RQTS.L3 :| | JRQTD.A23B1 || ,RQTD.A23B2 |

B 4 a4 - - w - - - -

| JRQTF.A23B1 || ,RQTF.A23B2 || RQTL10.L3B1 || RQTL10.L3B2 || RQTL11.L3B1 || RQTL11.L3B2 | RQTL11.R2B1 || RQTL11.R2B2 || RQTL7.L3B1 |
w w w 4 b v 4 hd o

| RQTL7.L3B2 || RQTLS.L3B1 || RQTLS.L3B2 || RQTLO.L3B1 || RQTLO.L3BZ || LRQXR2 ' aRSD1.A23B1 || ,RSD1.A23B2 || RSD2.A23B1

B v B hd b B g hd w

| JRSD2.A23B2 || JRSF1.A23B1 || RSF1.A23B2 || RSF2.A23B1 || RSF2.A23B2 ||, RSS.A23B1 ||, RSS.A23B2 ||, RTQX1.R2 RTQX2.R2 |
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RED = BAD

Candidate sources:
Cryo

Power converters

uench protection systemgg;

[ rozi1 |[ X rozrs | [ERODIASIEDN (XRODASIEZ) [IROFASIEL Y [IROFASIEZNY | Cro10.161 |[ Jro10.L162 | [LROHORSEINY
[xrosrier |[Trosriez | [IRGERSEIN ERCERSEZNN IIROALIEINN [IORGAMIEIN | T ro7.Rse1_ |[ L Ro7RsB2 |1 ROSL1BL |
[T rosLiez | [OROSReE1Y LROSREBZY [ L rooL1BL || . RooL1B2  |[L roorsBl |[. roorsBz || . RoD.AS1 || . ROF.ASL |
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@ Colorful combinations are possible...

w
RB.A12

.
'RCBCH10.L2B2 |

hd
' RCBCH10.R1B2 |

-
| RCBCHS5.R1B1 |

<
| RCBCH6.L2B2 |

-
| RCBCH6.R1B2 |

-
_RCBCH7.L2B1 |

o
| RCBCH7.R1B1 |

-
 RCBCHS.L2B2 |

-
| RCBCHS.R1B2 |

ad
 RCBCHS.L2B1 |

hd
| RCBCHO.R1B1 |

hd
| RCBCV10.L2B1 |

-
| RCBCV10.R1B1

-
| RCBCVYS.R1B2 |

a4
RCBCV6.L2B1 |

-
| RCBCVY6.R1B1 |

hd
 RCBCV7.L2B2 |

A
| RCBCY7.R1B2 |

ad
 JRCBCVS.L2B1 |

Bl
| RCBCVS.R1B1 |

4
 RCBCV9.L2B2 |

d
| RCBCVO.R1B2 |

B
| RCBH11.L2B1 |

d
LRCBH11.R1B1 |

Bl
| RCBH12.L2B2 |

hd
 RCBH12.R1B2

a4
 RCBH13.L2B1 |

wr
_RCBH13.R1B1 |

hd
 RCBH14.L2B2 |

a4
RCBH14.R1B2 |

hd
| RCBH15.L2B1 |

.
 LRCBH15.R1B1 |

4
RCBH16.L2B2 |

hd
| RCBH16.R1B2 |

4’
 RCBH17.L2B1 |

=2
 RCBH17.R1B1 |

RCBH22.L2B2

a4
_RCBH18.L2B2 |

=
 RCBH18.R1B2 |

-
 RCBH19.L2B1

e
 RCBH19.R1B1 |

=4
| RCBH20.L2B2 |

a4
_RCBH20.R1B2 |

-
| RCBHZ1.L2B1 |

-
| RCBHZ21.R1B1

.
 RCBH22.R1B2 |

=4
| RCBH23.L2B1 |

a4
 RCBH23.R1B1

hd
| RCBH24.L2B2 |

=
| RCBH24.R1B2 |

.
 RCBH25.L2B1 |

=4
| RCBH25.R1B1 |

a4
 RCBH26.L2B2

hd
 RCBH26.R1B2 |

a4
_RCBH27.L2B1 |

=4
 LRCBH27.R1B1 |

v
| RCBHZ8.L2B2

-
 RCBHZ8.R1B2 |

—d
 RCBH29.L2B1 |

a4
_RCBH29.R1B1 |

v
| JRCBH30.L2B2 |

-
| RCBH30.R1B2

-
| RCBH31.L2B1 |

Za
 RCBH31.R1B1 |

—
| JRCBH32.L2B2 |

4
 RCBH32.R1B2

-
 RCBH33.L2B1 |

—
| RCBH33.R1B1 |

Za
 RCBH34.L2B2 |

-
| JRCBV11.L2B2 |

=
 RCBV11.R1B2

=
 RCBV12.L2B1 |

Za
_RCBV12.R1B1

=
 RCBV13.L2B2 |

=
RCEV13.R1B2

T
| RCEV14.L2B1 |

v
| RCBV14.R1B1

Za
JRCBV15.L2B2

—
| RCBV1S5.R1B2 |

=
RCEV16.L2B1

=
 LRCBV16.R1B1 |

Z
JRCEV17.L2B2 |

=
 RCBV17.R1B2 |

=
RCBV18.L2B1

L
| RCEBV1S8.R1B1 |

s
 RCBV19.L2B2 |

L
_RCBV19.R1B2 |

=
 RCBV20.L2B1 |

=
LRCBV20.R1B1

L
 RCBV21.L2B2

A
 JRCBV21R1B2

=
 RCBV22.L2B1

=2
 LRCBV22.R1B1 |

A
| RCBV23.L2B2 |

Za
 RCBV23R1B2

A
JRCBV24.L2B1

=
 RCBV24 R1B1 |

L
 RCBV25.L2B2 |

=
 RCBV25.R1B2 |

=
_RCBV26.L2B1 |

=
 RCBV26.R1B1 |

=
RCBV27.L2B2

=
| RCEBV27.R1B2 |

=2
 RCBV28.L2B1 |

=
_RCBV28.R1B1 |

=
 RCBV29.L2B2 |

=
LRCBV29.R1B2

—
 RCBV30.L2B1

=
JRCBV30.R1B1

=
 RCBV31.L2B2

=
LRCBV31.R1B2 |

=
| RCBV32.L2B1 |

=
 RCBV32.R1B1

=
 JRCBV33.L2B2

=
 RCBV33R1B2 |

=
 LRCBV34.L2B1 |

2
| A RCBXH1.L2 |

—
A RCEXH1R1 |

=2
| ARCBXH2.L2 |

=
| ARCBXHZ2R1

=
| A RCBXH3.L2 |

—2
| ARCEXH3R1 |

=2
A RCBXV1.L2 |

=
| A RCBXV1.R1 |

=
A RCBXV2.L2

—
| A RCBXVZR1

-
o RCBXV3.L2

—
| A RCEXV3R1 |

.
 RCBYH4.L2B2

—
 RCBYH4.R1B2 |

—
 RCBYH5.L2B1

—
 RCBYHS4.L2B1_

—
| RCBYHS4.L2B2 |

—
| RCBYHS4.R1B1 |

-
 RCBYHS4.R1B2 |

v
 RCBYHS5.L2B1 |

a4
| RCBYHS5.L2B2 |

hd
LRCBYV4.L2B1 |

hd
| RCBYV4R1B1 |

a4
 RCBYVS.L2B2 |

T
RCBYVS4.L2B1 |

a4
| RCBYVS4.L2B2 |

h
| RCBYVS4.R1B1 |

hd
| RCBYVS4.R1B2 |

w
 RCBYVSS5.L2B1 |

v
a RDL1.L2

ad
o RDI1.LR1

hd
| RCBYVSS.L2B2Z |

v
RD2.L2 L

hd
ARCD.A12B1 |

ad
| ARCD.A12B2 |

hd
| ARCO.A12B1 |

ad
 ARCO.A12B2 |

hd
| ARCS.A12B1 |

a RDZ2.R1

4
 4RQ10.R1B1 |

—
o RQS.R1B1

B
o RQ7.R1B2

4
o RQSR1B2 |

[Tro10.R1B2

4
| JRQ4.L2B1 |

hd
| LROD.A12B1 |

R

| o RO8.R1B1

b
| LROD.A12B2 |

a4
L ROF.A12B1 |

hd
| L ROF.A12B2 |

-

RQ4.R1B1

-
RQ4R1B2 |

~
RQ6.R1B1 ,] RQ6.R1B2 ,
B

| . RQ8.R1B2

~ RQS.L2B1 .

4
| ARQS5.L2B1
—

hd
| A RCS.A12B2 |

A RQ7.L2B1

| o RQ7.L2B2

—
| . RQ7R1B1 |

4
o RQ9O.L2B2

—
. RQ9.R1B1

—
. RQ9O.R1B2

-w
| RQD.A12

-
RQF.A12

w
RQS.A12B2

w
RQS.LZE1

w
RQS.R1B1 |

w
| RQT12.L2B1 |

w
_ RQT12.L2B2 |

w
| RQT12.R1B1

w
| RQT12.R1B2 |

-
| ROT13.L2B1

-w
 RQT13.L2B2 |

-
| ROT13.R1B1 |

w
| RQTL11.L2B2

-w
 RQTL11.R1B1

w
| ROTL11.R1B2

-
| RQT13R1B2

=
 LROTD.A12B1_|

—
 LROTD.A12B2 |

4
 JROTF.A12B1 |

—
| JROTF.A12B2 |

w
| RQTL11.L2B1

—
| JRSD1.A12B1

=
| JRSF1.A12B1

=
 JRSF1.A12B2

=
| JRSF2.A12B1
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—
| JRSF2.A12B2 |

—
| A RSS.A12B1 |

=
| A RSS.A12B2

=
 JRSD1.A12B2 |

=
| JRSD2.A12B1 |

—
| JRSD2.A12B2
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@m Summary of circuit states

Colors we like

(no faults)
[XResL28277] ON. IDLE
[_IRCBXHSB.LZ_ OFF

oAy STAND_BY

S. Redaelli, LPCC lectures, 07/09-04-2010

Colors we do NOT like

(faults!)
BRRGAEZEAIN ERROR
NO_
RCEH22.L2B2 [FScTTN]

| :RQ4.R582 I
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Collimators

LHC Collimators | Beam: Bl | Set: HW Group:LHC COLLIMATORS
LHC Collimators | Beam: B1 | Set: HW Group:LHC COLLIMATORS 25-03-201001:18:13

Collimators in IP1/IP5 || Collimators in IP2/IP8 || Collimators in IP3 || Collimators in IP6 || Collimators in IP7 || Collimators in TI2
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Beam interlock status

BIC Overview

9,

LHC Beam Interlock System o e S
saFE BEAM FLAG ([ ERUERN

— INPUT—— DISABLED MASKSET  MATRIE— [ PERMIT

INIT

1 BIC Overview

CIB.UA87.R8.8B2 X | CIB.UA67.R6.82 X | CIB.UJ33.U3.B1 X [ CIB.CCRLLHC.B2 X | CIB.CCRLHC.BL X |
CIBTZ76.U7.B1 X [ CIBUA63.L6.BL X [ CIBUA23.L2.B1 X § CIB.UA23.L2.B2 X
SBF (B1/ 82) SHOW VIEW MASK/UNMASK  COMMAND
. - \ sarEgEaM FLAG [ RUERI
Beam 1 Permlt 4 ~—INPUT— DISABLED, [MASKSET|  MATRIX | [ PERMIT
Beam 2 Permit |}
BP Link Status o e L e |
2 not used —— | [ m
3
g L
4 not used mmmalll YES m
10
o [ -] e |
. 11
{ 6 not used ——= | (I m
| | 12
w 7 not used —— | [ —
QO .
R1 L1 : "
11 not used ——=| B —= | NO |——= m
Can ONLY put beam if all is green! =
13 not used ——=| B —= | NO |——= m
14 not used —— ﬂ—-— NO  |—— a
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X

Outline - 2st lecture

* Recap. Assume that:

we have the target parameters for the beam

* Paramgq the experiments have decided the running config

the machine protection is validated for the specified

* LHC Of Intensities

- Thy All injector chain is up and ready

- Commissioning: baseline / status

* Operational tools

- Page 1’s / fixed displays
- More applications

* One shift of LHC operation

S. Redaelli, LPCC lectures, 07/09-04-2010

- How do we operate the LHC
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@ﬂ One day of the LHC . .. o0

LHC Pagel Fill: 993 E: 450 GeV 25-03-2010 05:09:14

BEAM SETUP: INJECTION PROBE BEAM

BCT TI2: geRelel-Euelely |[(B1): JeNelel-EJe[¢ et 0.00e+00 mig:yal 0.00e+00

TED TI2 position: BEAM TDI P2 gaps/mm . O, down:

TED TI8 position: BEAM TDI P8 gaps/mm ;8. down:

Put beams back
after ~20 h

Intensity

1

04:00 04:15
Time

Comments 25-03-2010 05:05:33 ! BIS status and SMP flags
Lost cryo conditions in 81 Link Status of Beam Permits
Global Beam Permit
Setup Beam
No beam for at least 2 h
Beam Presence
Moveable Devices Allowed In

Stable Beams
LHC Operation in CCC : 77600, 70480 HUBS =N ENABLED 'PM Status B2 ENABLED
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Lo )

. . . starts waiting for cold-down.

March 24th. 23:50 March 25th, 01:38

BEAM SETUP: CYCLING :
CM ITR1 CSITR1 CM MSR1 CS MSR1 CM AR12 CS AR12 CM MSL2 CS MSL2 CMITL2 CSITL2 CMITR1 CSITR1 CM MSR1 CS MSRL CM AR12 CS AR12 CM MSL2 CSMSL2 CMITL2 CSITL2
CM MSR2 CS MSR2Z CM AML3

CM MSR2 CS MSR2
CM AMR3 CS AMR3 CM MSL4 CS MSL4

CM AMR3 CS AMR3 CM MSL4 CS MSL4

CM MSR4 CS MSR4 CM AR45 CS AR45 CM MSL5 CS MSL5 CMITL5 CSITLS CM MSR4 CS MSR4 CM AR45 CS AR45 CM MSL5 CS MSL5 CMITL5 CSITLS
CM ITR5 CSITR5 CM MSR5 CS MSR5 CM AR56 CS AR56 CM MSL6é CS MSL6 CM ITR5 CSITR5 CM MSR5 CS MSR5 CM AR56 CS AR56 CM MSL6 CS MSLé
CM MSR6 CS MSR6 CM AML?Z CS AML7 CM MSR6 CS MSR6 CM AML7 CS AML7
CM AMR7 CS AMR7 CM MSL8 CSMSL8 CMITL8 CSITL8

CM ITR8 CSITR8 CM MSR8 CS MSR8 CM AR81 CS AR81 CM MSL1 CSMSL1 CMITL1 CSITL1

25-03-2010 01:38:03

CM AMR7 CS AMR7 CM MSL8 CSMSL8 CMITL8 CSITL8
CM ITR8 CSITR8 CM MSR8 CS MSR8 CM AR81 CS AR81 CM MSL1 CSMSL1 CM ITLL CSITL1

CM 14 CS1L4 CM2L4 CS2l4 CMR4 CS1R4 CM2R4 CS2R4 CM1L4 CS1L4 CM2L4 CS2L4 CMR4 CS1R4 CM2R4 CS2R4

Average Temperatures (in K): Average Temperatures (in K):

2.08 LsS12: 3.13 LSS23: 3.59 1.93 ARC23: 1. LSs12: 3.12 LSs23: 3.56

1.94 LSS34: 4.14 |LSS45: 3.94 1.94 ARC45: 1. LSS34: 4.14 LSS45: 3.94
1.98 LSS56: 3.62 LSS67: 4.49 1.97 ARC67: 1. LSS56: 3.62 LSS67: 4.49

1.94 |SS78: 3.08 LSS81: 3.19 195 ARC81: 1. LSS78: 3.08 Lss81: 3.19

60A Power Permit: 60A Power Permit:

March 25t 02:00 — Ready for powering

LHC Cryogenics Pagel 118

BEAM SETUP: INJECTION PROBE BEAM

March 25th, 01:57

S12 rcm ITR1 CSITR1 CM MSRL CS MSR1 CM AR12 CS AR12 CMMSL2 CSMSL2 CMITL2 CSITL2
S 23 CM MSR2 CS MSR2 CM AML3 CS AML3

SR ZBCM AMR3 CS AMR3 CM MSL4 CS MSL4

WL CM MSR4 CS MSR4 CM AR45 CS AR45 CM MSL5 CSMSL5 CM ITLS CS ITLS

SR CM ITRS €S ITRS  CM MSR5 CS MSRS CM ARS6 CS AR56 CM MSL6 C5 MSLG

STyl CM MSR6 CS MSR6 CM AML7 CS AML7

S E M CM AMR7 CS AMR7 CM MSL8 CS MSL8 CMITL8 CSITLS
SEHWMCM ITR8 CSITR8 CM MSR8 CS MSR8 CM AR81 CS AR81 CM MSL1 CSMSL1 CMITL1L CSITL1

RF : CM 14 CS1L4 CM2L4 CS2L4 CMR4 CS 1R4 CM2R4 CS2R4

Average Temperatures (in K):

LSs12: 3.12 LSS23: 3.55

LSS34: 4.14 LSS45: 3.94

LSS56: 3.62 LSS67: 4.48

LSS78: 3.08 Lss81: 3.19

60A Power Permit:
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CM ITR1 CSITR1 CM MSR1

CS MSR1

CM AR12 CS AR12 CM MSL2 CSMSL2 CMITL2 CSITL2

CM ITR2 CSITR2 CM MSR2

CS MSR2

CM AMR3 CS AMR3 CM MSL4

CS MsL4

CM MSR4 CS MSR4 CM AR45

CS AR45

CM AML3 CS AML3

CM MSL5 CSMSL5 CMITL5 CSITLS

CM ITRS CSITRS CM MSR5

CS MSR5

CM MSR6 CS MSR6 CM AML7

CS AML7

CM AMR7 CS AMR7 CM MSL8

CS MSL8

CM AR56 CS AR56 CM MSL6 CS MSLé

CMITL8 CSITL8

CM ITR8 CSITR8 CM MSR8

CM 1L4 CS 1L4

60A Power Permit:

CS MSR8

CM AR81 CS AR81 CM MSL1 CSMSL1 CMITL1L CSITL1

CM2L4 CS2L14 CMR4 CS1R4 CM2R4 CS2R4

Average Temperatures (in K):

LSS12:

LSS34:

LSS56:

LSS78:

3.13  LSS23: 3.45

4.14 LSS45: 3.93

LSS67: 4.49

LSsS81: 3.18
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No Cryo = No powering

1l - CIP.UJ33.AL3 Powering interlock controller for the long arc cryostat A23, odd side

9

CFP_UJ33_CIPAL3 DATAC '
o _US33_ onnection OK = 5 i
I/O Status |,Eowenng IMoniton'ng |P§rams|
avcok I8 UPS OK o CRYO START D CRYO_MAINTAIN D CONFIGURATION DATA D pvss screT [
Masked
CIRCUIT NAMES
Jﬂﬂ R R||R||R|//R]|R||R| R]IR| R||R||R| R||R||R||R|R||R||R||R |R||R||R]||R| R] R/ |R||R||R/|R||R||R| /R [R| R
B ollo||lo!lo||al|lallalallallallal allallallallal|al|lalla |allallal/s! s cllc|lc|lcllicllcllc||c|le||c
. p|(p|[F||F|le|le||s||s|Ir|[r|[r|Ix||v||v||v|lr|[r||x||x!|r]|r]|[r][s]||s B||8||e|/e| BB/ /BB |B||B
A T T T T T e e e e e e ] o] o _ c|lc||c||c|lc||c|lc|le!le]|c
2 Allallallallcf(cl(alll|2]|2]|3]3([a|(1|la|l2]|z]]7]|8||s||o||o||a]]a H |H| || B v v]|v vV
3 2((2][2][2|13||3|12|13]]. [[. [[. [l. Hollo|la!la{l. [[. [l [I. |I. |I. ||2]|2 a(le(|7||s|l9]]1]]e][7||8]]o
. sl(a|[s|[s||e]le||3|lefl|lflciic!l. |I. 1. IF (lellcfleic]|e]|c]|s|]|s oll. [I. [I.[I.Ilo]]. || [l [l
0 B||8||B||8||1]|2||8|l2|!3||3|[3|l3||c||c]|c|l|(3]|3]|3!]3]|3]||3]||8||B el el e el ] He e e e
D 1|(2][1]|2 1 B|(|[|/B||3||3]||3![3|[B|[B||B||B||B||B||1]]|2 Ll (3|[3|[s||3|IL]|3]|3|[3][3
D 1|l2|]1]l2||8||B||B||B||1||2||1||2|[1]]|2 3||s||B||e|/B||3| /BB |B||B
1|[2][1]/2 Bl1][2][1]|2]|8]|2]]1]|[2][1
1 2
apsok | AEEEEEEEEEEEEEEEEEEEEEEEn
Permit
VO Status v/ VYIS Y VYYYYYYYIYSY
Readympe'm“g O0000000000000000n0oooandn O000000o0onon
L
Permit | ] O0000000000000o0ooooooanon O00000o0o0onon
Permit Il
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<) No powering = no beam

Configuration Version: 1.11 Time: Wed Mar 24 23:58:37 CET 2010

LHC Beam Interlock System Injection Permits
| ALICE ] ATLAS

. cwms . LHCb

.| ALICE_zDC | ] TOTEM
‘ OP Injection Switches

o m

SBF (B1/B2) qb BIS Operation Overview

Beam 1 Permit | i w
Beam 2 Permit |} B Ok e or
BP Link StatUS H - . Beam Presence

. Movables Allowed In
. Stable Beams

0 Interlocking channels
() CIBG: Beam Permit Loop
() BIS Logging Overview
0 Expert Overview
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" CIB.LUJ33.U3.B1 X |
SHOW VIEW MASK/UNMASK  COMMAND

BIC Overview

sAFE BEAM FLAG [ IRUER

INPUT DISABLED  MASK SET
SOFTWARE
INIT
1 Yacuum bl
2 not used
3 not used = -———v
4 ACCESS_SB H --r
S PIC_UNM L... H FALSE  Jimes
& PIC_UNM R... H FALSE e
e
3 COLL#MOT... H -—-
9 COLLFENY... H -+ NO -—=  NO
10 BTY-bl H -+ NO -—= | NO
11 not used - —+
12 PIC_MSKLeftH (FAR-— | NO |-—=
13 PIC_MSK Ri... H (TR  NO |-—
14 not used = -+ NO |-—=

o _.--_-
+-+

PERMIT

FALSE o

FALSE o

-

BIC Overview

[ CIB.UA63.L6.B1 X |
SHOW VIEW MASK/UNMASK  COMMAND

sAFE BEAM FLAG [ IRUERN

DISABLED  MASK SET MATRIX
o me -
me -

PERMIT

INPUT

SOFTWARE -
INIT
1 Vacuum bl |~
2 not used
3 LBDS-b1 -
4 BLM_LNM -
5 PIC_UNM -
6 not used
7 WIC ¢
8 COLLEMOT...
9 COLLEENY...

Bl Excursi...

Maskable and un-maskable channels of powering sub-sector with no

cryo conditions prevent ARMING the beam dump system.
S. Redaelli, LPCC lectures, 07/09-04-2010
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Preparing for beam: RF

= LHC RF CONTROL | ] ll
5] ¥ RBA: Ihcop

ACSModuleM1B1 ACSModuleM2B1 ACSModuleM1B2 ACSModuleM2B2

LINE LINE LINE LINE LINE LINE LINE LINE LINE LINE LINE LINE LINE LINE
1B1 2B1 3B1 4B1 S5B1 6B1 7B1 8B1 1B2 282 382 4B2 SE2 6B2

16 Klystrons

POWER ‘
POWER ‘

POWER ‘

One Power Converter
feeds 4 klystrons

Detalls
49, 992 kY
31.255 A

Power Converter Detals
50,198 kY
31.138 A

Cavity Controller

@ o
@“

Show/Hide Select/Unselect Show/Hide Select/Unselect Show/Hide Select/Unselect Show/Hide ‘ Select/Unselect L L R F
l |

STATUS | MEASUREMENTS | Operational Mode status | ALARMS | BEAM CONTROL |

LINE NAME POWER POWER |POWER POWER Maximum RF VETO RF LL RFLL |RFLL RFLL
STATUS MODE __|DETAILED MODE DETAIL STATUS time Left STATUS MODE ETAILED DETAIL STATUS
Linelgl |OK ON ON no info 1600 OK OK ON ON no info
Line281 0K ON ON o info 1600 OK OK ON ON no info
Line381 [OK ON ON Tno info 1600 OK OK ON ON no info
Line481 |OK ON ON no info 1600 OK OK ON ON no info
LineSB1 [OK ON ON no info 1600 OK OK ON ON no info
Line6B1 |OK ON ON no info 1600 OK OK ON ON no info
Line781 |OK ON ON no info 1600 OK OK ON ON no info n . . n . n
Line8B1 |OK ON ON o info 1600 OK OK ON ON no info I J t tt g -
SLine182 0K ON ON no info 1600 OK OK ON ON no info eC IO Se I S -
Line2B2 |OK ON ON no info 1600 OK OK ON ON no info
Line382 |OK oN oN o info 1600 oK oK oN oN no info 8 MV per beal N
Line482 |OK ON ON no info 1600 OK OK ON ON no info
Line582 |OK ON ON no info 1600 OK OK ON ON no info —
Line6B82 (OK ON ON no info 1600 OK OK ON ON no info —
SLine782 |OK ON ON no info 1600 OK OK ON ON no info
Line882 [OK ON ON no info 1600 OK OK ON ON no info 1 MV X 8 C aV|t| e S

RESET BIC INTERLOCK B1 ’ Select AN
CoMmANDe  READY [+ send RF ON RF OFF L —
RESET BIC INTERLOCK B2 pe r beam

01.:00:43 - RF ON command covrectly sent to hardwsre for ACSLIne782; waiting for RF LL status ON /
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Preparing for beam: Collimators )

TDI P2 gaps/mm up: 9.05 down: 9.04

TDI P8 gaps/mm up: 8.32 down: 8.36

45‘_III lPér_lé_inlg BEERRE )

ol positions - TED’s open (“beam”)
% ]

£ o - TDI’s to “protect” settings

1 - Cleaning collimators to
S - - - o “Injection 7

£
;30_ .. t tt
Q i : : : : : : : _ In eC IOn Se In S
%25_ """ o - - o gaps 4 ] J
£ 200 b B
S B
15 SRR R o | =
- 100 collimators ;
10+ N =
. moved to In| |
s- settings -
O | I | I | I | I | I | I | I | I | I |
6500 6600 6700 6800 6900 7000 7100 7200 7300 7400 7500

Time[s]
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Preparing for beam: injection kickers

— LHC Injection Kickers e
MKI - B1
Conditioning
MKI - B2
Conditioning

Kickers need to be conditioned.
Conditioning (“soft-start”) takes 10-15 minutes and lasts 1h30
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m Preparing for beam: SPS emittances

Vertical beam size

Horizontal beam size

SPS.EWS.519LDV #1:1 AXIS ... u 03:04:05 [25/03/10 03:04.... §5 &5

55 65

SPS.BWS.519LDH #1:1 AXIS .. u 02:55:35 [25/03/10 02:55:35]
Profile Data for SPS.BWS.519L0H Profile Data for SPS.BWS.5191LDV
—o- SPS.BWS.519LDH #1:1 AXIS —u 02:55:35 - SPS.BWS.519LDV #1:1 AXIS —u 03:04:05
—+ Fit of profile J\ 3000 -~ Fitof profile | )
Center=6.209 7 \ Center=-457 [ |
1600 Sigma=0.426 . \ Sigma=0.251 ,
Beta Gamma~480.238 | ' Beta Gamma~480.259 |
ChiSq=583,358.895 ‘ (!’llSq =432,056.761 |
Kin Energy=449.657 \ lEtm_ %;rgy::?!las: :2
| Emit{phys, 10)=0.002 mit s, =9.
1400 Emit{norm, 10)~1.068 ! 2500 - Emitinorm, 10)~1.073
!
|
1200 /
A 2000~
i o
" \
1000 - f |
| \
| |
‘ !
I | 1500
800 - } |
,"‘ ‘1\‘ ‘
“l' .'t |
/] \'
— [ \
600 j: \ 1000 -
/ '." |
400 - / \,, / \
/ 500 - e .j\
down: 9.07

TDI P2 gaps/mm

TDI P8 gaps/mm

TED TI2 position: _ :

TED TI8 position:
Could also verify steering of transfer lines with TED closed...
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D) Finally, pre-cycling the sectors 0o

Fnonitming SUE_51 for 207 devices : RPLA.24R2.RCBV24.R2B2/SUB_51 ...
BEAM SETUP: INJECTION PROBE BEAM

SR PACM ITRL CSITR1T CM MSR1 CS MSR1 CM AR12 CS AR12 CM MSL2 CSMSL2 CMITL2 CSITL2
ISWXMCM ITR2 CSITR2 CM MSR2 CS MSR2 CM AML3 CS AML3

ISR W CM AMR3 CS AMR3 CM MSL4 CS MSL4

SR LWCM MSR4 CS MSR4 CM AR45 CS AR45 CM MSLS CS MSL5 CMITLS CSITLS

SR-ICECM ITRS CSITRS CM MSR5 CS MSR5 CM AR56 CS AR56 CM MSL6 CS MSL6

SEYMCM MSR6 CS MSR6 CM AML7 CS AML7

S @CM AMR7 CS AMR7 CM MSL8 CS MSL8 CMITL8 CSITLS8

ISRHMCM ITR8 CSITR8 CM MSR8 CS MSR8 CM AR81 CS AR81 CM MSL1 CSMSL1I CMITL1 CSITL1

25004

2000 { / : CM 14 CS1l4 CM2L4 CS2L4 CM R4 CS1R4 CM2R4 CS2R4

Average Temperatures (in K):

1,93 ARC23: 1.94 LSS12: 3.13 LSS23: 3.45 DFB12: 4.43
1.94 ARC45: 1.94 LSS34: 4.14 LSS45: 3.93 DFB34: 5.84
1500
1.97 ARC67: 1.99 LSS56: 3.62 LSS67: 4.49 DFB56: 5.57

1.95 ARC81: 1.95 LSS78: 3.08 LSS81: 3.18 DFB78: 4.43

1000 f ) \ 60A Power Permit:

200 A

-500

L) L] T T T
00:30 00:40 00:50 01:00 01:10 01:20 01:30 01:40
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File Operation | # Unlatch all channels J Help

o] ¥ RBA Ihcop
SIS GUIY,

P [AND] INJ_B1_PERMIT
P [AND] INJ_B2_PERMIT
P [[AND] INJ_PERMIT
P [AND] POWERING_PERMIT
P [AND] RING_B1_PERMIT
P [AND] RING_B2_PERMIT
P [AND] RING_PERMIT

SBF (81/B2) ()

Beam 1 Permit .
Beam 2 Permit ||

BP Link Status |}
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@J Need to inform the experiments... e

Injection hand-shake performed with appropriate sequences

LHC-EXPTS Handshakes

23-Mar-2010 21:57:27 Beam Mode: INJECT AND DUMP

INJECTION ADIUST BEAM DUMP
LHC Handshakes STANDBY STANDBY

ATLAS Handshakes VETO VETO

ALICE Handshakes VETO VETO
CMS Handshakes VETO VETO
LHCb Handshakes VETO VETO
TOTEM Handshakes VETO VETO
LHCf Handshakes VETO VETO

Then we can request the beams from the injectors!!

S. Redaelli, LPCC lectures, 07/09-04-2010
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Both beams are back - what a relief! (@®

C——
| ——
| —

Scopes at the end of T12/8 Longitudinal pickups in the LHC

- CRBIZ VIEWER |

Foe Grenerdl Sanpel Sumw/ Soape
JNJ‘—N e m ErT
L'c X

: s 1-1

QASIS VIEHER
:= Help

howing two beams in the LHC .

Screens !

-
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Time-line

Pre-cycle

Injection
Cryo OK ~15-30m
—

/S 71 .
/ / .| Kicker conditioning

| /
e / (1h30)
Prepare Inj handShake

Check SPS beams

Coll to Injection

Each step can have problems -
Clear beam interlocks recovery space is very complex...
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Injection and first orbit

= YASP DV LHCRING / 3.5TeV _2aps / beam 1 2=
Rviews | R (m| /s8] Col| | E8 More |4
CO - P450.12 Ge¥/c - Fill # 993 INJPROB - 25/03/10 03-52-09 2 2 2 2 2 2 B B B B2 B2 B2 5% 5% 5% 5 5 5 5 g,';j"

Mean = 0.014 / RMS = 0.256 / Dp = 0.04

ATLAS INJ-B1 M-CLEAN RF-B1 CMS DUMP-B1 B-CLEAN LHCD)
T T T
0 100 200 200 400 500
Monitor H
_CO,- P.450.12,GeV{c.~ Fill#,993 INIPROB. — 25/ 03/ 00,0352 00 5 5 LR

Mean = -0.020 / RMS = 0.150 / Dp = 0.04

V Pos [mm]

ATLAS INJ-B1 M-CLEAN RF-B1 CMS DUMP-B1 B-CLEAN LHCb
T T

0 100 200 300 400 500

Monitor V

YASP DV LHCRING / 3. 5TeV_2Aps / beam 2
RByviews | 1 |H (m|=]s] 53] E More | k4B
CO - P 450.24 GeV/c - Fill # 993 INJPROB - 25/03/10 03-53-15 55 63

ATLAS Al.i(a M-CILEAN RF;BZ CMS DUM‘I’-BZ B-CLEAN IN];BZ

CO - P450.24 GeVy/c - Fill # 993 INJPROB - 25/03/10 03-53-15
6

4—

Mean = -0.031 / RMS = 0.133 / Dp = 0.03

ATLAS Al.i(a M-(LEAN RF.-IQ (MS DUM.I’-BZ B-(LEAN IN]l-IQ

1
300 400 500

2_

V Pos [mm]
N
1

|
B
1

1

N
<
-
O -
f=]
nJ
O -
f=]

Monitor V
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7

@Viewsv\

R (m| ==s |5

Orbit corrected to golden

YASP DV LHCRING / 3.5TeV_2Aps / beam 1
B More | 45

CO - P450.12 GeV¥/c - Fill # 993 INJPROB - 25/03/10 03-57-08

Mean = o§.027 / RMS = o.1s1§ /Dp = 0.03

4_
E
E
w
(=]
-9 : A :
z é , . é . ‘ é
-4+ : : : : : : : :
6 ATLAS INJ-B1 M-CLEAN RF-B1 CMS DUMP-B1 B-CLEAN LHCDb|
= T T T T 1
0 100 200 300 400 500
Monitor H
CO - P450.12 GeV/c - Fill # 993 INJPROB - 25703/ 10 03- 57 - 08 . o g
6 ; ; : : : :
p Mean = —q.020 / RMS = 0.179§ /Dp = 0.03 ; 3 5
E 21
E h : : : :
3 P = | DU 1 VOSSR ANNUNDUU PP | U
S : ) : s i
> 27 é , ‘ . é . % é
-4~ ; E % i ; i % é
6 ATLAS INJ-B1 M-CLEAN RF-B1 DUMP-B1 B-CLEAN LHCb
= T T T T T
0 100 200 300 400 500
Monitor V
—| YASP DV LHCRING / 3.5TeV_2Aps / beam 2 -]
[Bviews | - || 25| Gy B More |4
CO - P450.12 GeY/c - Fill # 993 INJPROB - 25/03/10 03-57-19 5B

Monitor V

-6 T T T T T
0 100 200 300 400 500
Monitor H
CO - P450.12 GeV/c - Fill # 993 INJPROB - 25/ 037 10 03— 57 - 00 g5 ;j
6 g : ? ? ? :
y Mean = -0.024 /RMS = 0.144 / Dp = 0.03
.
= o 4h IR ! I I - . I I . . _— | .
8 M L ] E :
> 21 & f ; & & ; & s
-4 § : ? § : § § ?
5 ATLAS Al a M-CLEAN RF-B2 DUMP-B2| B-CLEAN INJ-B2
= T 1 T 1 T
0 100 200 300 400 500
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Tune correction - B1

—| Tune Viewer - LHC - On-demand Bl (FFT2.Bl) ==
File Edit Run Timing Configure Load Bl Defaults Help

(“Info | FFT | PLL | DataSets | Q' | FB/Trim | Orbit | Graph ([Mag [~ | H |11 [ ] aco# o Misc [3E[6 |+ Tunes are also

:HC_—S?]]. - fill #3993 - no comment - LHC_FFT2_B1 - 2010-03-25 06:54:24 good -
“FPGA &Y - .
2 ]
g = . .
LHC - B1 - Fill#993.0 $ BUT: litetime
- - Fl : £ _100- '
2010-03-25 06:54:24 Bl is! VERY bad!
RAWRFFT: 8192 turns@1.0Hz = _110-
no excitation ~115-
Q1= .281839 Qx = .281955 -120 -
Q2= .310114 Qy = .309998 200
|C-| = .003612 E=  450.1 GeV 0 005 01 015 02
Qx= 777 arap vaa [+ [V 1 [
Q'y = 277 LHC - B1 - fill #993 - no comment - LHC_F
§ -70
§- -80-
Spawn TuneVYiewer Display % =
S " -o0-
-110
Q Q -120-
s e Pl @ L 0 005 01 015

| A
04:00 04:15
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Chromaticity adjustment

9,

Vertical tunes are on the hump and we have poor ! ? f f T f ! ? ! f .
: : : : : : : LT T T
B e also check the chromaticity. 029 S Ap """ A . PR I ]
Qy — Qy,O —I_ Qy . : //
il &4 —-> trimmed by +10 : ; : p : 7 | : :
Chroma B2-h ~ 0 ->_Jrimmed by +5 0285 S o S T PO S C A L
' : ; : PR
04:20 chroma B1-V ~ 19 -> trimmed by -14 ‘ 2 2 2 g | | |
Chroma B2-V ~ 14 -> trimmed by -9 028 oo AR EL ST s s s
_ _ e . . .
Tune values after chromaticity adjustments. ® 0275 - SODDEEEEECALELE Siar RLRRAEE S AC AR AT AL SRR R A i
: : B : : : :
TuneViewer Bl : LHC 2010-03-25 04:30:35 (450.1 Ge% v : E#/ : : ; | v :
Eigenmodes : .280715 .310197 T o007k AR PR o S o o o
Tunes : .280733 .310179 0.0 0.0 SV :

Coupling |C-| : .001433

TuneViewer B2 : LHC 201
Eigenmodes : .280584 .3

Updatad: 04:34:52

04:30 Coupling [C-| : .006460 b———
Clear improvement of th I”

%l.

We are finally ready
for a RAMP!

| | !
But. .. 03:45 04:00 04:15 04:30
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Another “cold” shower at 05h00

ICS

—
O
2
~—
—
-
D
)
'

<
o

Q
D
-
)

sector 81!!

[ rozi1 |[ X rozrs | [ERGDASIEDN (XRODASIEZ [IROFASIEL Y [TROFASIEZY [ [ro1o.L161 |[Iro10.0152 | [ARGIORSEIN
[xrosLier |[Irosiiez | [EIRGERSEID RGERSE2DN IIRGALIEINN [(INRGANE2IN | T ro7.rse1_ | [ ro7reez_ |[1 RosLisr |
[T rosLiez | [ ROSREELY L ROSREBZVY | . Roo.L1B1 || . rooL1B2 (. RooRrsBl |[. rRoorsBz || . ROD.ASI || . ROF.ASL |
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___- Luckily, “just” a measurement problemj

e s [ on a circuit thz_at IS not needed.
IXrezmy (Xrezren KRemeiand fRee Recovery of conditions followed up by §
___=_the cryo operators in the CCC .
Trastisz (L rasrest ][I Rasmssz |[LRasiisi | L Rasiisz (X RasResi (L Rasksez (X Rapasi |1 Rarasi |
| rosfsier_|| rosTiee || roskesz_|[ mamsZiiss || RamiZuiee || ramiZres: || mariZreee || rami3iier || remiSiiez |

$ 5

S. Redaelli, LPCC lectures, 07/09-04-2010



X

o —e
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Va7 \ LN
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{73
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AN 2 AN
WS S
T\ <
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Imonitoring SUB_51 for 224 devices : RPHGA.RR13.RQ9.L1B2/SUB_51 ...

Fixed Graph|Close

2500 A
2000 A
1500 A
1000 A
00 ?Eg
6E9
¢ & JE9
2 4E9
-
£ 3E9
2E9
1E9
OED

/
/
J/
/
!A //
| /

\

\ \\\\

Waiting for the last one...

haniberewr gt YR s o Vel A ey i F g, vl R ot ersaars ok qadee

Finally got beams back - no need of
further adjustment! Ready for ramp!
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@J Preparing for ramp

™ End of injection:
1. Switch the injection kickers to stand-by
2. Disable SPS extraction / inhibit injection in to LHC
3. Move out the injection protection devices

™ Preparation of the ramp
1. “Incorporate” injection setting into the ramp functions
2. Set-up feedback and feed-forward corrections
3. Load functions to the key systems:
- power converters, RF, collimators
4. Tell the experiments — close injection handshake
5. Send timing event

6. Only then, start praying. I - - . o
14 15 TEST

SPS Extraction inhibit
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@] Rampto 3.5 TeV/stable beams

PROTON PHYSICS: STABLE BEAMS
Energy: 3500 GeV 2.00e+10

FBCT Intensity

2E10+
1.5E10 A

1E10

Collimators in IP7

Intensity

2E9

OEU L] I 1 L} 1 L] I
11:45 12:00 12:15 12:30 12:45 13:00 131

Time

™ Preparation for stable beams
1. Change tune working point (0.28, 0.31) — (0.31, 0.3:
2. Collapse the separation bumps
3. Move collimator to protection settings for physics
4. Un-mask all the maskable interlocks
5. Link beam permits
6. Change the mode to stable beams. Hands OFF! T
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@ﬂ Collapsing the separation bumps

Separation Display

ATLAS

ALICE

CMS

LHCb

-0.234 0.147 0.377 0.076

Orbit Display

S|

[] RBA: lhcop

IP1-ATLAS (Horizontal)

IP2-ALICE (Horizontal)

BPM Position (m)

= =
£ | = '
é y | g Z-I \4
g 0'/\ ;m lg 0_ i
2 -2 2 -2 |
o. o.
-4 | -4 .
_40 _20 0 20 40 _40 _20 0 20 40
BPM Position (m) BPM Position (m)
IP5-CMS (Vertical) IP8-LHCb (Vertical)
e =
= | g :
£ 2 | £ 2 |
e — 5 o ﬁ/¥
s = |
2 2 2 2 |
o. o. |
-4 ' -4 .
_40 _20 0 20 40 _40 _20 0 20 40

BPM Position (m)

14:28:02 - Running...
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Colliding beams

ATLAS ALICE

Oorbit Display |2
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@ﬂ Movie from March the 30th

ATLAS IP Separation
H=4.173 mm : V =0.035 mm
V(mm)
3t
)

1}

SG o e
_1:.
|
4l
ATLAS Coll Rate Evol

50

40+

30+

20t

10+

Courtesy of Bl 44 0.5 1.0 15 2.0
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CMS IP Separation
H=0.130 mm : V =3.925 mm

V(mm)
2
1!
e i....i....H(mm)
-1t
-2
CMS Coll Rate Evol
S0;
40}
30¢
20¢
10}
. . : '
0.0 0.5 1.0 1.5 2.0
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Luminosity scans

= Luminosity Scan Application || ll
¥ RBA: Ihcop

Select Beam Process |RAMP_3.5TeV_2.Aps_shorLVl@ZBl]U_IEND] lv

| Vam [ Optimize I IR Steering 1 Knob Creator j Analysis I Database Extraction ]

Scan Status @Viewsv R m =88 [E S|l T B8 More '| o= I Horizontal Orbit [mm]
SEanFiREhEc Properi Y | scan [04/04/10 19:13:07) [ 2{~ Beam 1
—_ | —o— Beam 2
[ | 0.0011 i 1
Magnets State [BIENIIEEN 0.001 . . ,5‘7(‘ .
0.0009- . -~ -1
User Input _ o008 / i
-
= 0.0007 . -3 )
| l % i / 1 1 1 ] L
l ‘ 0.0006 -10 -5 0 5 10
J 0.0005 . = vertical Orbi
| | 0.0004- - \ ertical Orbit [mm)
' 0.0003+ 2]~ Beam1
| [ —— Beam 2
L] ) I |l 1 L] L] I |
. o -02  -015  -01  -0.05 0 0.05 0.1 0.15 /
[] Normalize by N1*N:

Separation [mm]

Start Rel. to Inik. Pos. [Sigma] Collision Rate [04/04/10 19:16:17] A VA
End Rel. to init. Pos. [Sigma] 0.0015
Number of Measurement Points T T T T Y

l -10 -5 0 5 10

Integration Time [s]

0.001 Power Converters / I_Meas [A]

| 0 :—JLJ;[L_L L

-2 0.0005 -
01- ; 10
0 = r
o 10 ™ g
-0.1 j 204 L e ]

] Ll ] 1 ] Ll 1
17:45:00  18:00:00  18:1500  18:30:00 184500 19:00:00 19:15:00

Knob Value

dN/dt

-0.2 T T T T T T
T T T T 18:00:0018:15:0018:30:0018:45:001 9:00:001 9:15:00
18:00:00 18:20:00 18:40:00 19:00:00 Bl cranaals [ eranaars [ eraneacs [ eranears [ cms
\ Display Fit Results New Scan Cancel
Console
18:52:02 - 2 2 2 2 =

18:52:02 - Bunch configuration loaded.

18:52:02 -~ HF:Waiting time for the scan set to 2.913747110083585Z s.

18:52:02 - Waiting time set to: 2.914 s,

19:13:07 - VdM Scan Outputs Javed Under: /user/lhcop/lumi_scans/zZ010/1022/VDM/IPS_Bl_Y_18-52/

18:13:11 - Inserting Scan-1{2010-04-04 18:52:02.832,1022,P5,VERTICAL,3500.0,11.00000233,100,2,CALIBRATION,Beanl} to the database.
19:13:17 - Scan S5cand07{2010-04-04 18:52:02.832,1022,P5,VERTICAL,3500.0,11.00000233,100,2,CALIBRATION,Beanl) inserted successfully

19:13:07 -

s
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picHMI_1: picHMI

l!;—_l;“d-_ — -y

A f‘\ Point 4

ALICE

"_ -
o Point 2

.
W/
\\

4
G B ATLAS

L 2 \
S Point 1 Y
\ '\ \.’ l < \_
N T g - \ >
. t.‘;- _ilfg.'@jf_;_-.-r__-ﬂ"
P\

Fug F » F .o

Devica

| | | | | Fononsne.
SN I I N —
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Cryogenics conditions

- l S: vision/General/CryoStart_Maintain/LHC_cryoStartMaintain. pnl

% LHC CRYOGENICS

LHC Cryogenics Overview

AGABI L4
JAB2 L4

MSL4
Former Version B

é)r 23
a
'}-

A “\

ector 34

2: ALICE

\\ S
1']

CR s
ITL2 \ 'r.Sector 1

MS R2

MS 12
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|l ®)=] |Eal|

AGABI R4

AGAB2 R4 ARCA45 MSLS
MS R4

""‘" Sector 45

CV910 Max

Electrical

Q\Sec—to rgé
]

ARCSI

Remaining time |

- -
HWCmonitor

l 11:51:00 PM 03/24/201(

5
<
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Extended with injection permit

9,

Configuration Version: 1.1 Time: Fri Mar 26 00:45:33 CET 2010

Injection Permits
Wl ALICE Wl ATLAS

il cms ] LHeb

_J Auice_zoc [ ] TOTEM
OP Injection Switches

SBF B182) (D
Beam 1 Permit [l
Beam 2 Permit
BP Link Status |}

BIS Operation Overview

a &
PM OK

Pre-OP

Bl B8 Beam Presence

i Movables Allowed In
i stable Beams

() Interlocking channels
@ CIBG: Beam Permit Loop
() BIS Logging Overview
() Expert Overview

S. Redaelli, LPCC lectures, 07/09-04-2010 101



@ Software interlocks

SIS GUI 'Y
S =3¢ P [AND] INJ_PERMIT
et @3 L [AND] BIC_PREOP_CHECKS
Search: L [AND] EXPERIMENTS_IN]
) 5 """ | INJECTION_BUCKET
Extra Parameters x L [AND] PC- CURRENTS
R % mf:;:?;d % :_na:;:i]sc:or heam val """ | POST_MORTEM_PERMIT
Filtering Options x L [AND] QPS-STATE
] Use RegExps I Invert filtering (] 'Flat' view L [AND] WPS_IT
Filter! Clear

AWV
Permits Tree

-3 P [AND] INJ_BL_PERMIT
i ¥ P [AND] INJ_B2_PERMIT
-3 P [AND] INJ_PERMIT
P [AND] POWERING_PERMIT
-3 P [AND] RING_B1_PERMIT
-3 P [AND] RING_B2_PERMIT
P [AND] RING_PERMIT

CRCHERCREN

Depth: | 1|51 Show
Expand All | Collapse all

Font size: | +1 | -1 | Reset
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9

Beam permits

LHC
Devices Movable Devices BCM Experimental Collimator Environmental BTV
2 - Beam Loss Magnets Positions parameters screens Mirrors
£
P \ \ | |
Safe Software cccC Transverse Beam
Mach. Interlocks SEQ Operator Experiments Feedback Aperture Collimation FBCM BTV
Param. Buttons Kickers System Lifetime
| l J | | J l , Beam
— Dumping
>| Safe Beam Flag Beam Interlock System -—b| System
| | | ‘ Injection BIS
PIC essential ' ' RF BPM in Access Vacuum \
+ auxiliary WIC FMCM System BLM IR6 System System Timing System
circuits (Post Mortem)
A I ’_| T
Magnets Power Monitors Monitors in Doors EIS Vacuum Access RF
Converters aperture arcs valves Safety Stoppers
limits (several Blocks
’j (some 100) 1000)
QPS Power AUG || UPS Cryo
(several 1000)| [ Converters OK
~1500 7 : .
Isn’t that a miracle that it works?
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Commissioning flow chart

Injection Ramp
First turn
Top energy
Circulating checks
beam
Squeeze
450GeV
Increase I e
- Beam 1
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<) Fast 2009 commissioning

“oue Jomyhemeves

Nov20 1 Each beam circulating. Key beam instrumentation working.

Nov23 4 First collisions at 450 GeV. First ramp (reached 560 GeV).
Nov26 7 Magnetic cycling established (reproducibility).

Nov27 8 Energy matching done.

Nov29 10 Ramp to 1.18 TeV.

Nov30 11 Experiment solenoids on.

Dec 04 15 Aperture measurement campaign finished. LHCb and ALICE dipoles on.
Dec 05 16 Machine protection (Injection, Beam dump, Collimators) ready for safe operation with pilots.

Dec 06 17 First collisions with STABLE BEAMS, 4 on 4 pilots at 450 GeV, rates around 1Hz.

Dec 08 19 Ramp colliding bunches to 1.18 TeV

Dec 11 22 Collisions with STABLE BEAMS, 4 on 4 at 450 GeV, > 101% per bunch, rates around 10Hz.
Dec 13 24 Ramp 2 bunches per beam to 1.18 TeV. Collisions for 90mins.

Dec 14 25 Collisions with STABLE BEAMS, 16 on 16 at 450 GeV, > 101% per bunch, rates around 50Hz.

Dec 16 27 Ramp 4 on4to 1.18 TeV. Squeeze to 7 m. Collisions.
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Injection quality control

File Mask

9] ¥ RBA: Ihcop Beam 1: & <

/

LHC Injection Quality Check

Beam 2: e Last injected Beam: Beam 1

2010-03-14 18:30:53.481: The last injection was unsuccessful. MKI analysis was bad. RF masked(unsuccessful).

2010-03-14 18:30:53.481: At least one MKI has bad results.
_: strength MIN  strength [KA] strength MAX max MIN max [KA] max MAX rise tim
MKIs
o0 | ;
(el < | I [ »|
- 6
S
. — S-.
-—
Q
v o
=
- 2 3
-
[
I
s 2
1_
0
'1 T T T T T
0 20 40 60 80 100
time [us]
[
IPOC subresults are out of thresholds. get LSA references || set references |
Get last result: B1 | Get last result: B2 | | Stop monitoring: B1 || Stop monitoring: B2 | | Unlatch:B1 | Unlatch: B2 |
| Console  Running tasks
19:30:44 - Masked: RFBUCKET RES Bl masked true -
19:30:44 - Masked: MKI_RES_B1 masked false
19:30:44 - New data arrived
19:30:44 - The last injection was successful.
19:30:44 - Masked: BLM_RES_Bl masked false
19:30:44 - Masked: BCTTL_RES_Bl masked false
19:30:44 - Masked: RFBUCKET_RES_Bl masked true
19:30:44 - Masked: MKI_RE5S Bl masked false
19:30:44 - New data arrived

19.:30:¢4 - New data arrived

ml‘il-l
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Tune correction - B2

— Tune Viewer - LHC - On-demand B2 (FFT2.B2) ]
File Edit Run Timing Configure Load Bl Defaults Help
| Info FFT T'pLL T'DataSEIs ['Q' [ FB/Trim k Orbit \ Graph ’Mag JMLL ACQ# UE Misc |i%|@ v‘
Q LHC - B2 - fill #9932 - no comment - LHC_FFT2_B2 - 2010-03-25 06:54:24
-FPGA g &~
) E -100-
| 3
(I Pt (T rilidnnn N " _11n- !
ea
=] &
o —_— a—
2 -80
-
=
: —
g -90
"
T -100-
s
>
-110-
-120-
-130 -
-140-[{/} il
o .
I | I

| | I | 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
frequency [frev]
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Tune feedback

Save
1 Legend 1
0.8 Orbit-H - rms
) | Qrbit-¥ - rms
S 067 _ orbitH- max 05 g
E‘ 0.4 -~ Orbit-¥ - max .‘3
'E 0.2~ ~ Radial-Trim §
S =
0 0
g :
z 0.2 ;
© 0.4 =
= .05 S
5 -0.6
-0.87
-1 T T T T T T T T T -1
15:50 15:55 16:00 16:05 16:10 16:15 16:20 16:25 16:30
0.025 Legend o T
m— TuneB1-H "”-b-...----.-----‘--'--0'--. "-.~~‘
== TuneB1-Y | e e ——
| | TuneBz-H L« T s
'g' 0.02 - = TuneB2:V - -""-w-.._‘
E ““.----O----I
E
= 0.0157%
GE) '.."h.--‘d"!""-'.-“J\-----c--0""’""&“--‘-"'-*-.--_‘ p———
0,01 3~ v
/ —
0.005"- T T T T T T T T T
15:50 15:55 16:00 16:05 16:10 16:15 16:20 16:25 16:30
1 Legend
0.8 |=== Chrom=zaB1-H
_|== ChromaB1-v
— 067 __ ChromaB2-H
5 0.47|= = ChromaB2-¥
=
£ 0.2
*é 0
S -0.2 7
'8 -0.4
-0.6 7
-0.87
-1 T T T T T T T T T
15:50 15:55 16:00 16:05 16:10 16:15 16:20 16:25 16:30
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i

l Parameter l'J

@wc |v| [Wor || [@er || |

Tune

»
~

StandAloneBeamProcess

Filter: | |@ [

KAMP_LLTeV_VI_FIUEL_UHEUK
RAMP_1180GeV_2010

feed-forward

Viewer | Custom Viewer | Feedback Import |

Rviews | R (m) =82 (] - @ More |48

Edit OK [ g2 ] FeedBack on

Beam 2 QH [30/03/10 11:12:16]

RAMP_1180GeV_Clone_281109 & &
RAMP_1180GeV_Clone_29-11
- - - 4= Beam 2 QH s
RAMP_1180GeY_Clone_V1_FeedForward L] ©0057s. m-zgv Y N e —
RAMP_1180GeV_V1 \ ———
RAMP_1180GeV_backup-140310 0 o ——
RAMP_1180GeV_backup211109 \K
RAMP_1180GeV_backup_081209 -0.005
RAMP_1180GeV_backup_4_.12
RAMP_3.5TeV-LEDS-test_V1 -0.01-
RAMP_3.5TeV-ions_V1
RAMP_3.5TeV_2010_TEST =
RAMP_3.5TeV_2010_V1 -0.015
RAMP_3.5TeV_2Aps_V1
RAMP_3.5TeV_2Aps_backup-190310 -0.02~
RAMP_3.5TeV_2Aps_short_Clone_V1_FeedFon
-0.025 - \
RAMP_S5TeV-ions_V1 \\\
RAMP_5TeV_V3 [l _o.03- ——
RAMP_STeV_inj_p_V1 - ' T ———
< [ [ [»] . — ' ' . ' . . .o
| Show hidden w‘,o é,% 6-°° 696 @9 @f, @9 G{, G?’Q
Logging Database (PRO) lv ° ° » R » s s » »
Time
Beam 1 QH [30/03/10 11:12:16] 868
Time Interval | Event Interval | [%
Recent Events " Beam 1 OH ]
_— A e
LOCAL_TIME |v|l o005 —Ami¥ (\\”\A /,,_,
Start Time: [2010-03-29 05:01:49 || g r\\ e T
A i) T
: - 0
End Time: [2010-03-29 11:01:49 oo i

Timestamp Il _o.005- \
2010-03-29 09.21.38.712 = ’
2010-032-29 09:51:56.951 \
2010-03-29 09.53.00.712 -0.01- “’/\\'
2010-02-29 09:55:51.401
2010-03-29 10:49:33.078 E
2010-03-29 10:50:46.758 -~ -0.015"

., Get Events ] e
Settings from... Apply to... =0.02 - W—\_ﬁ_ e— ——
Beam 1 1' Beam 1 v ¥ T  p— T T T T T T T T

o o o & Q & ° & °
i Ml - & & K4 Ky K & K Ky &
(2 Retrieve I' [ x Trim Time
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LHC beam modes

[ ABORT ] CYCUNG
I lr ---------------------------------- 1'
L RAMP DOVWN ] UI\‘ISTABLE i
S | Tressl |
n . :
e |
/ \ [ STABLE BEAMS ] :
RECOVER ] “ |
INJECTAND CIRCULATE |
DUMP AND DUMP |

NJECTION »
PROBE BEAM|S

].él
~

INJECTION
SETUP BEAM

\
NJECTION [ PREPARE | [~ RAMP
—>‘ | (" FLAT
PHYSICS BEAMJ ’L RAMP J 7] , J
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Cryo - all green

ASC1L4 g MEEASCIR4

ASC2L4 Wal SCZ R4
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) Machine integer tunes
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Nominal integer tunes:
Qh =64; Qv = 59
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Kicker statuses
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_Remaining time: 30 min.
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Bunch length measurements

9

At 450 GeV M At 3.5 TeV
bunch length L bunch length

increases by (Y .V)% increases by
~ 30 ps/h ~ 6 ps/h

LHC Beam Quality Monitor - LHC.USER.LHC
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Single bunch pilot in both rings, ~ 0.4-0.5 eVs. Constant 12 MV during ramp.

S. Redaelli, LPCC lectures, 07/09-04-2010 114



