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Comments 24-03-2011 09:07:22 : BIS status and SMP flags
STABLE BEAMS Link Status of Beam Permits

Global Beam Permit
Reached 2.5 x 1032cm-2s-1 in the Setup Beam

4t commissioning week Beam Presence

2010 record = 2.0 x 1032cm-—=2s-1 Moveable Devices Allowed In
- B Stable Beams
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The Large Hadron Collider
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Nominal LHC parameters
Beam injection energy (TeV)
Beam energy (TeV)
Number of particles per bunch 1.15 x 10

Number of bunches per beam

Max stored beam energy (MJ) | “ V
cm =

Norm transverse emittance (um rad) 3.75

Colliding beam size (um) L — 1034 cm'ZS'1
Bunch length at 7 TeV (cm) 7.55 - t
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¢

When Why

All main magnets commissioned for 7 TeV

7TeV operation before installation 12 kA 2002-2008 | Design

Detraining found for magnets in
series, during HW commissioning 5 TeV

5 TeV poses no problem 9 kA
Difficult to exceed 6 TeV

Summer 2008 | Detraining

Machine wide investigations 3.5 TeV
following S34 incident showed S I;iar\]te 22885 Joints
problem with joints 6 kA pring

Commissioning of new Quench 1.18 TeV
Protection System (nQPS) 2 KA Nov. 2009 [ nQPS
\ 4
450 GeV
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‘@;ﬂ LHC energy target - the way up

A
When ||| What
Train the dipole magnets
- 6.5 TeV is within reach 7 TeV
o -
-7 TeV will take time 201577 | Training
Repair joints 6 TeV

_ 2014 | Stabilizers
Complete pressure relief system

2011-12

nQPS system commissioned

2010

1.18 TeV 2009

450 GeV
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@J LHC tunnel

Circumference = 26.7 km
Depth =70-140 m
Slope =1.4%
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CMS

LHC injector complex
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Excellent performance of the accelerator complex in 2010!!
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@] Layoutand accelerator systems

CMS
LHC Layout Totem
= 8 arcs (~3 km)
= 8 straight sections (~700 m). RF Dump

= Two-in-one magnet design
= 4 interaction points (IPs):
IP1, IP2, IP5, IP8
= |P2/IP8: beam injection Momgntum [l
= |P6: beam dump region cleaning
= |P4: RF (acceleration)
= [P3/IP7: beam cleaning

Betatron
Pt7
I] [I cleaning

Nominal LHC parameters
Beam injection energy (TeV)
Beam energy (TeV)
Number of particles per bunch 1.15 x 10"

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)
S. Redaelli, PAC’11, 28-03-2011 10




LHC arcs

Two-in-one

LHC:B=833T = E=7TeV magnet design

-

1232 main dipoles + 3700
multipole corrector magnets

392 main quadrupoles +
2500 corrector magnets
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l@;ﬂ Goals of 2010 LHC operation ﬁ’;f;f?r'

& Lay foundations for the 2011 goal of 1 fb-1.
2010 target: peak luminosity = 1032 cm-2 s-1.

& Steady run around 1-2 MJ for an extended

v
period of time. v
o= Safe, phased increase up to ~ 30 MJ. v

v

& Gain a solid operational experience on the
critical machine phases (injection, energy
ramp, squeeze, collisions, ...).

30 MJ is equivalent to
~7 kg of TNT

S. Redaelli, PAC’'11, 28-03-2011
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What does this means in practice?

10 E
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In the first year of operation we needed to achieve:

m = reached m =goals = upgrade study
LI I | L I | | || 1 I 1 1riri I
LHC (ultimate) W
[
LHC (nominal)
O - -- - - ==
LHC Injection LHC Oct. 10
= SPS
ISR e
RH /C- Tevatron N
1 llllllI 1 llllllI 1 1 Illllll l:
100 1000 10000

Beam Momentum [GeV/c]

Factor ~10 above state-of-the-art.
Factor ~15 above the Tevatron.
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N Peak luminosity performance

- B L L L L

~ 300~ ATLAS Online Luminosity \s=7Tev —

5 - LHCAI -

8 250 « LHC stabl N

e F o 1 | 2xgoall!
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- - What were we -

g 150 doing here?? —

3 100 1 | 2010 goal:
o - 1 | 1032 cm-2s-
D — -

= — -
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Day in 2010

Achieved with 368 bunches of 1.2x10' protons (~24 MJ).
Colliding beam sizes = ~ 40 um (B"'=3.5 m, €Ninjected~2.5um)

S. Redaelli, PAC’'11, 28-03-2011
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@AV Luminosity: 3 running periods
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| 50 pb |

Performance
ramp-up
(368 bunches)
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!@J Estored Challenge: achieved vs. predicted (4%

25,000 | |°* High int. bunches Gain'eeC)l(c(::glrl]eﬁr?tenC'e:
@ Low int. bunches f
) ~=—Trains 150 ns performance on
~ 20,000 f cqllimation + |
: i ——Plan LMC 17-Feb-2010] machine protection
2
g 15,000 |
L .
o)
O
S 10,000 [
(n -
5,000
J. Wenninger 0 o—0—

15-Mar-10 04-May-10 23-Jun-10 12-Aug-10 01-Oct-10 20-Nov-10

The performance increase was driven by
machine protection constraints/requirements.
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Amazing single-beam lifetime

LHC FBCT Beam Lifetime
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Ring aperture: very good!

Ay R

0.01

On-momentum aperture bottlenecks:

————— 2011 ——————- ———————=2010-===—-
B1H Q6R2 ~12.0 sigma ~12.5 sigma Q6R2
B1lV Q4L6 ~13.0 sigma ~13.5 sigma Q4L6
B2H Q5R6 ~12.5 sigma ~14.0 sigma Q5R6
B2V Q4R6 ~13.0 sigma ~13.0 sigma Q4R6

Aperture / beam envelope (m)
(=]

Design assumption at 450GeV: ~8.5-10sigma

-0.02
IP6
-0.03- [
155110!] 16(Il[ll] 165I(10 1?[;00 1?5I(l[l
Longitudinal coordinate (m)
- LHC_B1 BxMo %[+ B -~ - Hide Aperture [
«{ Triplet aperture: ;
| close to model! i
e D — ~ W?MA
LHC online | |
ApertureMeter " §
by G. Mdller = =
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LHC optics: good, correctable, stable!

0.4 LHCB1 3.5TeV [(*=3.5m

0.3
0.2 Iz
0.1 _ ".; pd:
0 &
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-0.3
0.4
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0.2
> 0.1
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R, Tomas forthe 0.2 : 5-9-2010 (10 A/s) r=-
beta-beat team. -0.3 , 19:6-2010 (2 A/s) ++- ,

0 5000 10000 15000 20000 25000
Longitudinal location [m]
m Optics stunningly stable! Correctable below 10 % error!
B Machine magnetically and optically well understood
Excellent agreement with model and machine

® Magnetically reproducible

Important because set-up remains valid from fill to fill
S. Redaelli, PAC'11, 28-03-2011 20
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@ﬂ Collimation cleaning 3.5 TeV
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Collimation cleaning at 3.5 TeV (ii

o° IP2 IP3 IP IP5 IP6 IP7 IP8 IP1
Generate
higherloss e ]
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Relative beam loss rate

Legend:

Collimators
Cold losses
Warm losses 7

LHC collimation team

S. Redaelli, PAC’'11, 28-03-2011
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0.00001

11 0.000001

10
Longituding

Outstanding performance:
No beam-induced quenches in 2010
No limitations expected for 2011-12 run
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@ 2010 Pb ion run - commissioning
< 1 day >

Performance over the last 24 Hrs
1L4E10 1 B 1=T E—
1.2E10 % i i < \ﬁ—aooo -
g 1522: K W \-—-—zooo %
P = ™ LRI
2E9 1 I I I 9] = ad L
22:00 01:00 04;00 07:00 10:'00 13:00 16;-00 19;00 ’
— I{B1) — I(B2) — Energy
Beag 11nj., Beam 2 Optics Checks First Ramp
re. Inj., Circ. Bl Checks Collimation Checks

&Capture & Capture  Gollimation Checks Squeeze

Achieved ion collisions after 54 hours of commissioning!
This indicates the remarkable maturity and performance of
controls, instrumentation, operational experience.
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@ lon luminosity performance

Gained a
factor 100 of
peak luminosity
in 6 days!

Some spectacular events out there...

S. Redaelli, PAC’'11, 28-03-2011

grated luminosity (ub™)

delivered i

LHC 2010 HI RUN (3.5 Z TeV/beam)

-
o

PRELIMINARY (+10% scale)

M. F;erro-Luzzii

310 3 320 325 330 335 340

day of year 2010

< 1 month >
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Dump to stable beam turn-around time

LHC turnaround in 2010

......... [T T T Machine phase Proton run (3) Ions
2rinmmmmans | SRR R R ] Time [ h ] Time [ h ]
B 10 Afs Injection 3.0+ 2.8 2.6+ 2.4
Prepare Ramp 0.14+0.09  0.10£0.05
3h40 Ramp 0.43+0.08  0.43+ 0.03
' Flat top 0.13£0.18  0.05£0.04
2h4s Squeeze 0.56 £0.18  0.43£0.05
> l Prepare collisions #  0.224+0.12  0.25 £ 0.08
1 L -
I 6r— 1
i I Minimum for 2010 Protons |
. BE -l lons H
[ c
i e ]
i Qo I
0 T |
0 5 10 15 20 SBHMHIN .
Turn-around time [ h ] o
0 11111 _
g |
Theoretical minimum ~ 2h00 <Sk0MCY :
Achieved minimum: 2h45 | T |-I-| = s
Average: > 5h00 0 s g 0§ =
u u L] -ITJ q)
Will improve in 2011! g 5 g 2
o o @
» o

S. Redaelli, PAC’'11, 28-03-2011
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Best: 80% in
November
(26% physics)

Worst: 53% in
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9,

What was the 1% period of
stable beams in March?

CMS

P Separation
ATLAS pa {1 = 0.067 mm . V= 0.008 mm
(mm)

= 0.021 mm : V 0.038 mm
05
e H (M)
10 -05’6.5 w5 ~1.0 0.5 05 1.0
05
0

~0.5!

1o

CMS Coll Rate Evol

S. Redaelli, PAC’'11, 28-03-2011
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S. Redaelli, PA

First 7 TeV collisions (March 30th)

Collision Event at
LHCb Event Display 7 TeV

7
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CATLAS

h JLEXPERIMENT

2010-03-30, 12:58 CEST
Run 152166, Event 316199

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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@ Excellent beam instrumentation!

—] YASP DV LHCRING / NOM_1.18TeV 2010 / beam 2 ==

[3 views om| S 88 More
v v
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See also talk by
R. Steinhagen
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Acquisition Beam Losses
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DCUM = 20170.09 [m]
1.176E-03 [au.]
Monitor Masked

And much more...
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Outstanding problems encountered

(only mention potential performance limits for 2011)

M UFOs - Unidentified FALLING objects
Sudden fast losses (t < 0.001s).
Potentially caused by falling (dust) particles.
No danger for the super-conducting magnets,
but trigger preventive beam dumps;

More frequent with larger beam intensities!

™ Electron cloud
“Clouds” of electrons generated in the vacuum pipe if
the bunches are too close longitudinally.
Can limit the total intensity (bunch number):
vacuum problems; instabilities;
growth of the beam size.
Can be cured by “scrubbing” the chamber.

S. Redaelli, PAC’'11, 28-03-2011
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UFO losses

X

Losses vs. time Correlation vs intensity - worrisome!
1.4

LN L UL L L L L LI I B N N B B N D B N B D Y N B B B I B B Y N B

Ufo speed 0.49 (m/s)

(V)] LA L L LA
8 —L 0.33 = =
o 1.0 083 6 (ms) .................. e e TS SR | 8 xZ ! ndf 41587 7
E®; —Peak time 0.05 (ms) | 9o N
I « Peak loss 0.08 (G/s) ] > 1.2 po -0.0192 + 0.0198
S ggl] Voeamcot6(mm) | S A I p1 0.00263 + 0.00033
E : | e 1
S @
= ©

o

0.6

I I O

.................. I T U 08

0 o e b 0.6

: : ] 0.4
0.2 = S ....................... ..................... ....................... ...... & e ]

C J. Wenninger B 0.2 E. Nebot

00||||]|||||||||i|11-'1||i1|||i11||i1||‘.uu
*-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 0

Time [ms]

Illllll‘IIIIIIIlIII|III|IIIj_

III|III|III|III|III IIIIIII

11 11 1 1 11 1 1 11 1 | I | S I 11 1 I | I I I 11 1 1
50 100 150 200 250 300 350 400

Number of bunches

Total of 18 beam dumps!
Signal amplitude does not increase with intensity, but rate does.

— Relaxed BLM thresholds for fast losses
— Improved diagnostics is ongoing
— Monitor behaviour above ~200 bunches
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@ e-cloud effects

Vacuum pressure rise Emittance blow-up
1.6E-06 —4— 11210 p/b- 1.85 microsec - 50 ns »
=—11e10 p/b - 1.85 microsec - 75 ns /50 ns 16_ - HOI'
w— Beam1: o
1.26:06 €, 48 bunch train at 50 ns .
= = b |
% 1.0E -0 8 10;— ' = .
g 8.06-07 A o T~ § o i
- / \ — 75ns E [ il s
6.0E-07 L 2
/ // B H .
o / /’ Factor 2 between the slope for | T T TR e L
) oe.0r // 50 ns than 75 ns - i R RS SRR TR S T R
] F 3720 3740 3760 3780 3800 3820 3840
;/// >> importance of bunch spacing BSRT Acq Delay --> Bucket Selection
o 0 2; 410 6&) 81) 1c;o 140 140 Coun‘esy F Roncarolo
Courtesy J.M. Jimenez B1(mA)
1.000
0.900
Possible cure: SCRUBBING! _ 0B “Encouraging results of
2 o7oo - ~scrubbing tests in 2010
. . ;2; 0.600
We will start in 5 days for 1.5 week. &
Outcome will have an impact on = 2
the 2011 run configuration! T o =)
T 0.200 \
Also: additional solenoids. o.100
Courtesy J.M. Jimenez
O.000 T T
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& Outcome of Chamonix 2011 workshop:
(1) Operate at 3.5+3.5 TeV in 2011
(2) First long shutdown in 2013

@ Goal for 2011: integrated luminosity = 1 fb-1!

& Other approved physics programs:
- Intermediate physics at 1.38 TeV Time estimate:
- Special runs at 3’=90m in IP1/5 ~ 10 days
- Luminosity calibration runs
- Special runs for Roman pots of TOTEM/ALFA

& Dedicated Machine Development time : 11 x 2 days

S. Redaelli, PAC’'11, 28-03-2011 34



N 2011 parameter table

| |
Energy [TeV] 7 3.5 | 3.5 |
beta* [m] 0.55/10/0.55/10 3.5/3.5/3.5/3.5 | 1.5/10/1.5/3 |
Emittance [um] 3.75 20-35 | 20-35 |
IP beam size [um] 16.7 ~ 55 ‘ ~ 35 ‘
Bunch current 1.15E+11 12E+11 | 1.2E+11 |
N 2808 368 | ~900 |
Estored [MJ] 360 28 | ~70 |
L [cm2s-1] 1E+34 ~2E+32 | ~1E+33 |

Improvements for 2011

— Reduction of §* to from 3.5 mto 1.5 m — Gain = 2.2

— Increase number of bunches — Gain =2.5to 3.8
Using 75 ns (920 b) or 50 ns (1400 b) spacing

— Increase bunch charge to 1.4x10" — Gain21.5

Depends on emittance and bunch spacing
— Significant improvement of turnaround time

S. Redaelli, PAC’'11, 28-03-2011 35
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Where do we stand?
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Day in 2011
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2

Integrated L at 3.5 + 3.5 TeV

- _| Integrated
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N Best fill so far o0
PROTON PHYSICS: STABLE BEAMS

Intensity
Energy (GeV)

] T -
23:00 01:00 03:00 05:00 07:00 09:00
1 | Y T T T

23:00 0100 0300 0500 07:00 09:00 — ATIAS AUCE — (MS —— LH(b

March 24th: =  ATLAS: 6.16 pb-1
= CMS: 6.25 pb-1

LHCb: tested luminosity

leveling with offsets: ok!
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27-Mar-2011 15:37:20 Fill #: 1653°  Energy: 1380 GeV  I(Bl): 6.22e+12 I(B2): 6.27e+12

ATLAS ALICE CMS LHCb

Experiment Status PHYSICS PHYSICS PHYSICS PHYSICS

Instantaneous Lumi (ub.s)~-1 0.105 0.376 1.693 2.162
BRAN Luminosity (ub.s)”-1 0.000 0.041 0.000 0.040
Fill Luminosity (nb)~-1 170.7 29.2 182.6 36.0
BKGD 1 0.005 0.326 0.060 0.131

BKGD 2 11.000 0.526 3.686 1.105
BKGD 3 0.000 4.476 0.146 0.053

LHCb VELO Position [} Gap: 10.0 mm STABLE BEAMS TOTEM:
8E12- I [N L3000
- —— =y
~:;“ 6E12- [ g
£ 4E12- | S
-1000 &
2612 / E=1.38 TeV
1 | 1 1 | 1 | | 0
16:00 19:00 22:00 01:00 05:00 08:00 11:00 14:00
— I(B1) — I{B2) — Energy
( | |
Now

Started first 2011 technical stop (5 days)
Followed by the scrubbing run (10 days).
Will then finalize the intensity increase
strategy (150 ns, 75 ns or 50 ns?)
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@ﬂ Conclusions

M We have a beautiful machine in our hands!

Critical OP phases (injection, ramp, squeeze,...) under control.
Excellent BI, magnetic model, optics, aperture...

Collimation and machine protection work reliably!

Good efficiency (65% in 2010) and turnaround times.

@ We have laid the foundation for the 2011 goal of 1fb-
Many improvements in the shutdown, fast re-commissioning.

2010 performance already exceed: Lpeak ~ 2.5 x 1032cm-2s-1,
Expect to gain further, towards a Lpeak ~ 1033cm-2s-1,
Lintegrated D€tWeen 1fb-t and 3fb-1 seem within reach.

“ A few very interesting months ahead of us!

Discover real intensity limits (UFQOs, e-cloud, beam-beam).
Will determine the performance reach at 3.5 + 3.5 TeV.

™ Two exciting year of operation at 3.5 TeV before long
2013 shutdown that will remove energy limits!
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