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8 Introduction

® |ntroduction to the LHC
m | HC performance to date

®m \Vhat holds us back

Electron Cloud
Beam Induced Heating

UFOs
Implications of Radiation to Electronics and single event upsets

m Qutlook: where we think we improve (2011 & 2012)



The LHC

Installed in 26.7 km LEP tunnel
_Depth of 70-140 m




LHC layout and parameters

Q8 arcs (sectors), ~3 km each

Q 8 long straight sections (700 m each)

Q beams cross in 4 points

Q 2-in-1 magnet design with separate
vacuum chambers — p-p collisions

Nominal LHC parameters

Beam energy (TeV) 7.0
No. of particles per bunch 1.15x1011
No. of bunches per beam 2808
Stored beam energy (MJ) 362
Transverse emittance (um) 3.75
Bunch length (cm) 7.6
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LHC layout and parameters

Q8 arcs (sectors), ~3 km each

Q 8 long straight sections (700 m each)

Q beams cross in 4 points

Q 2-in-1 magnet design with separate

vacuum chambers — p-p collisions
Nominal LHC parameters
Beam energy (TeV) 7.0
No. of particles per bunch 1.15x10"
No. of bunches per beam 2808
Stored beam energy (MJ) 362
Transverse emittance (um) 3.75
Bunch length (cm) 7.6
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@8 | HC accelerator complex

2 7 seconds from
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The LHC needs most of the CERN accelerators...




) Tunnel View




) Stored Energy

4 . . .
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| Energy: Damage potential ... setting the scale

Beam impact with SPS vacuum
chamber

Beam Energy: 2MJ

< 1% of a nominal LHC beam

4 )

We now routinely operated
the LHC with ~100 MJ

groove in a SPS vacuum

... But this is not the worst chamber of several cm.
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Cryogenics has up to 11GJ of store energy

. that should not be released

S34 Incident in 2008

Energy dissipated was
less than the LHC

nominal beam energy
G J




) Collimation

a The LHC requires a large and complex collimation system
o Previous colliders used collimators mostly for experimental background
conditions - the LHC can only run with collimators.

dEnsure ‘cohabitation’ of:

o 100’s of MJ of stored beam energy,

o super-conducting magnets with quench
limits of few mJ/cm?

) OAImost 100 collimators and absorbers.

-

|

dAlignment tolerances <0.1 mm to ensure a

collimation cleaning efficiency over 99.99%

~

J

dOperation: Regular collimation hierarchy

and cleaning efficiency validation



8 Beam in the LHC: Bunches

dThe LHC 400 MHz Radio-Frequency system provides 35’640 possible bunch

d Smallest bunch-to-bunch distance = 25 ns: max. number of bunches is 3564

4 Injector flexibility: LHC can operate with isolated bunches or with Bunch trains

positions every 2.5 ns (0.75 m) along the LHC circumference.

o A priori any of those positions could be filled with a bunch...

2.5 ns

I Y O

25 ns B =filled position [] =bunch position

Startup 2010 : up to 50 isolated bunches
Fall 2010 : 150 ns spacing - up to 368 bunches.
2011 : start-up with 75 ns, now 50 ns.

-

2011 Standard running: 1380 bunches, 50 ns spacing

Bunch Crossings/turn: ATLAS & CMS: 1318, LHCDb: 1296, ALICE: 39

J
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@8 1380 bunches with 50 ns spacing
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88 1380 bunches with 50 ns spacing
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@ Experimental long straight sections

quadrupole quadrupole
Q4 Q4
quadrupole recombination separation inner quadrupole inner quadrupole separation recombination quadrupole
Q5 dipole dipole (warm) triplet triplet dipole Q5
- beam | ATLAS
beam
distance [ L
194 mm | — A T
collision point
| “24m’

) 200 m

Example for an LHC insertion with ATLAS or CMS

d The 2 LHC beams are brought together to collide in a ‘common’ region.
d Over ~260 m, beams circulate in the same vacuum chamber

J Potential ‘parasitic’ beam-beam encounters (with small bunch spacing)

13



@Separation and crossing: example of ATLAS

Horizontal plane: the beams are combined and then separated

194 mm

N\

e

ATLAS IP
N
RN
/ ~ 260 m \

Common vacuum chamber

[

Vertical plane: the beams are deflected to produce a crossing angle at the IP
Reason: avoid undesired encounters in the common vacuum region.
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@ Beam size: aperture and §” limits at an IP

d Focusing at the IP is defined by * which relates to the beam size o
02 = [3* ¢

[EI B* is limited by aperture of triplet quadrupoles around the collision point . j

Smaller size ¢ at the IP implies:

—> Larger divergence (phase space conservation !)
—> Faster beam size growth in the space from IP to first quadrupole !

15



@ Beam size: aperture and ” limits at an IP

d Focusing at the IP is defined by * which relates to the beam size o
02 = [3* ¢

[EI B* is limited by aperture of triplet quadrupoles around the collision point . j

Smaller size ¢ at the IP implies:

—> Larger divergence (phase space conservation !)
—> Faster beam size growth in the space from IP to first quadrupole !
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@ Luminosity: collider figure-of-merit

m Event rate N for a physics process with cross-section o is proportional
to the collider Luminosity L

N = L(jM

kN f

kN’ 1y

L =

4m0 .0,

_4313[3*8

enteraction region

area A

Kk = number of bunches

N = no. protons per bunch

f = revolution frequency = 11.25 kHz
0*x,0%y = beam sizes at collision point

16



@ Luminosity: collider figure-of-merit

m Event rate N for a physics process with cross-section o is proportional

to the collider Luminosity L

enteraction region

N = L(jM

\_

KN"f kN fy

L_ ok %
o0, 4np €

J

® How to Maximize Luminosity

Many bunches (k)
Many protons per bunch (N)

Small beam sizes 6'xy= (B*€)"?

= 3* : beam envelope (optics)
m e : beam emittance

€ = phase space volume occupied

by the beam (constant along ring)

area A

Kk = number of bunches

N = no. protons per bunch

f = revolution frequency = 11.25 kHz
0*x,0%y = beam sizes at collision point

—

High beam “brilliance”

”( Injection Property) > Injector chain
performance

—

}( Optics property ) Small envelope
Beam property ) - Strong focusing




8 Introduction

m | HC performance to date
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88 The LHC in 2010

peak luminosity (Hz/ub)

d The 2010 run was the ‘learning to handle high intensity’ year.

o Progressive intensity ramp up.

o Initial operation with isolated bunches, then moved to 150 ns spacing.

o Got up to 368 bunches .

o Test with 75 and 50 ns beams: = Limitations due to Electron clouds.

2010/11/05
LHC 2010 RUN (3.5 TeV/beam)

100 150 200 250 300

day of year 2010

4 )
Peak Luminosity

2%1032 cm-2s-1
\_ J
4 N

Delivered Luminosity
45 pb-1 (ATLAS)

- J

[ p-p & Pb-Pb runs ]

delivered integrated luminosity (pb'1)

2010/11/05
LHC 2010 RUN (3.5 TeV/beam)

L — — —
- PRELIMINARY (+10% scalé)

01 -o- atLAs
A CMS/TOTEM
30 ¢+ LHCb ‘

100 150 200 250 300

day of year 2010 1 g



@2011: Beam Intensity Ramp-up (# of bunches)

Number of bunches - evolution 2011
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2011 Proton Run - to date

Fill 2040: Instantaneous Luminosity

Duration of Fills with Stable Beams

Date: 2011-08-21

.“‘ ............ Mean

n
:Q 14 £
A
Py
7 12
(o]
£
£ =N —
-
-
g 8
o
(<]
% 6
T
3
n 4
£

= 2

22h 01h 04h 07h 10h 13h 16h 19h 0

Entries 151
6.223 |
RMS 5.477

seessantasesaatentausanesrendintacansentanasnansentantanantantstassansensansananen

10 15 20 25
Duration (hrs)

2011 Luminosity Production

2011 LHC Efficiency: 410 Fills

.g ~ ATLAS: 2649 pb’ [ Access - No Beam
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Statistics for fills 1613 [13.03.11] to 2057 [26.08.11]
Total Duration: 166 days, 00 h
Time in Stable Beams: 38 days, 12 h

23.2%
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2011 Proton Run - to date

Fill 2040: Instantaneous Luminosity Duration of Fills with Stable Beams
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@ Expected integrated luminosity for LHCD in

4 )

Introduced luminosity leveling for LHCb and ALICE

=> LHCb can run at optimal y and Lmax

Fill 2040: Instantaneous Luminosity

U = mean number of
collisions per
bunch crossing

1] Since June LHCDb running at
constant L ~ 3-1032 cm2s-?
with y ~ 1.5

Instantaneous Luminosity (ub“.s“)

5 1 T T
0 : :

22h 01h 04h 07h 10h 13h 16h 19h
Date: 2011-08-21 21




Energy [TeV] 3.5 3.5 14

B3* [m] (IP1,IP2,IP5,IP8) 3.5, 3.5,3.5,3.5 1.5,10,1.5,3.0 0.55, 10, 0.55, 10
Emittance [um] (start of fill) 2.0-3.5 1.5-2.2 3.75
Transverse beam size at IP1&5 [um] 60 28 16.7
Bunch population 1.2x10M" p 1.35%10" p 1.15x10" p
Number of bunches 368 1380 2808
Number of collisions (IP1 & IP5) 348 1318 -

Stored energy [MJ] 28 110 360

Peak luminosity [cms] 2x1032 2.41%1033 1x1034

Max delivered luminosity (1 fill) [pb] 6.23 100.7 -
Longest Stable Beams fill [hrs] 12:09 25:59 -

(LHC operation so far:

Proton-proton Collisions at 450, 1380, and 3500 GeV
Lead-lead collisions at 450 and 3500 Z GeV

Low Luminosity 90m Beta™ optics (TOTEM, ALFA) tested

22



88) Beam beam interactions

B Head on Beam Beam: No limit found so far
2 X nominal bunch intensity, 0.5 x nominal emittance!

m | ong-range beam-beam
Reduced crossing angle in steps from 120 yrad to 36 urad
®100% = 120 urad = 12 c beam-beam separation for e~2.5um!

Strong correlation of losses with number of long range interactions
(PACMAN effects).

e —

Average Lifetime / h

23




) Beam beam interactions

B Head on Beam Beam: No limit found so far
2 X nominal bunch intensity, 0.5 x nominal emittance!

m | ong-range beam-beam
Reduced crossing angle in steps from 120 yrad to 36 urad
®100% = 120 urad = 12 c beam-beam separation for e~2.5um!

Strong correlation of losses with number of long range interactions
(PACMAN effects).

e —

(@) —

FBverage Beam I_‘ifetime T 2 ] NS ! NS ! NS ! NS ! NS ! g L § ! § ?3\0 01:11:48
= p l|‘| | . - o O O o O (@) M ™
2 LA 50 o L I M O F <
E sV Yy 4o T N T L[ ——_C P L
g s = e ’ Ve
z 1 < - = > <€ ~ >

2315 23:30 23:45 ( ATLAS Crossing angle }s ooss ( CMS )

s )

Long range Beam beam effects and Crossing angle reduction
50% fine (no lifetime drop),40% (5 o b-b) still OK, 30% too low!

=> paves the way for Beta* reduction
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®m \Vhat holds us back

Electron Cloud
Beam Induced Heating
UFOs

Implications of Radiation to Electronics and single event upsets

24



) Electron Cloud and beam scrubbing

B Vacuum pressure increase at expts when switched to bunch trains
B more critical as intensity increases and bunch spacing decreases
Effects can be suppressed by solenoids (CMS, ALICE stray fields...).
B For 50ns spacing: vacuum pressure increase prevented operation
1000 fold increase => exceeded 10° mbar => closure of vacuum valves.
B Signature Consistent with the signature of electron clouds.

m Electron Cloud:
Electrons generated at vacuum chamber surface by beam impact, photons ...
Multiplication: Caused by bunches accelerating secondary emission electrons
Generates electron cloud: Electron energies are in the 10- 300 eV range.

electron cloud => pressure rise, beam instabilities, detector backgrounds,
and possible overload of cryogenic system by beam induced heating

Electron cloud build-up is a threshold phenomenon



@ Electron Cloud and beam scrubbing

B Vacuum pressure increase at expts when switched to bunch trains

B more critical as intensity increases and bunch spacing decreases

Effects can be suppressed by solenoids (CMS, ALICE stray fields...).
B For 50ns spacing: vacuum pressure increase prevented operation

1000 fold increase => exceeded 10° mbar => closure of vacuum valves.
B Signature Consistent with the signature of electron clouds.

m Electron Cloud:

Electrons generated at vacuum chamber surface by beam impact, photons ...
Multiplication: Caused by bunches accelerating secondary emission electrons
Generates electron cloud: Electron energies are in the 10- 300 eV range.

electron cloud => pressure rise, beam instabilities, detector backgrounds
and possible overload of cryogenic system by beam induced heating

Electron cloud build-up is a threshold phenomenon

)

(

Solution: Beam scrubbing => many bunches, large beam size

impact of the electrons cleans the surface (Carbon migration), reduces the
electron emission and eventually the cloud disappears — ‘beam scrubbing’

J
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) Electron Cloud effects

Bunch N+2 accelerates the e-, Bunch N+1 accelerates the e-, _
S S _ Bunch N liberates an e-
more multiplication... multiplication at impact
//,’A A'\\\ . \
/0 VN oo i \
+*:;i+2> """" > @D ——————— > S
N+ '
N N+1 N
ni e-
\\V/'I

( Later bunches in the train see effects from bunches earlier in the train )




) Electron Cloud effects

Bunch N+2 accelerates the e-, Bunch N+1 accelerates the e-, _
S S _ Bunch N liberates an e-
more multiplication... multiplication at impact
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( Later bunches in the train see effects from bunches earlier in the train )

(Bunch sizes with strong electron cloud activity j
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) Electron Cloud effects

Bunch N+2 accelerates the e-,

more multiplication...
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( Later bunches in the train see effects from bunches earlier in the train )

(Bunch sizes with strong electron cloud activity j

Cer ]

-
w

12

10

llllllllllllllllllllll

ﬁ
#

’

-]

ﬁ—\-—- =

1000

[ and after some time of vacuum scrubbing

e —=— HORIZONTAL i
g —— VERTICAL

PG Sl G L

FTT[TT !lrlllnll I]Tll

l ' A A l ' A ' l ' A A l A A A l
200 400 600 800 1000

BUNCH »




Beam Scrubbing in 2011

VLC media player (=Jla ] x]
Fle View Settings Audio Video Navigation Help
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8 Beam Scrubbing in 2011

LLLLLLL a player -

Hle View Settings Audio Video Navigation Help
= <N
LHC Pagel Fill: 1694 11-04-2011 01:20:36
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4000
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lents 11-04-2011 01:20:34 : BIS status and SMP flags
Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence

Scrubbing with up to 1020 bunches

T - N 1020 bunches per beam !

Moveable Dev
Stable

iiiiiii

1s0n00 weeo  ceeeee

-

-

1020 bunches injected (50 ns bunch spacing) after only 15 hours of scrubbing

Scrubbing’ @ 450 GeV prepared vacuum for 50ns operation

~

2012: scrubbing for 25ns operation: ~150hrs of beams => 2-3 wks of scrubbing

J




| Beam cleaning by scrubbing

Beamcleaning 9to11-4-2011
Fills 1683-1686-1689-1691-1692-1694 -50ns
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< e
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‘C.:_"‘ y = SE-060-136x LHC: 1380 bunches @ 50ns spacing

1.0807 . Vac Pressure levels: 108 mbar range

0O

Effect of Scrubbing:
1380b (now) ~0.001 x 588b in April

1.0E-08 .

0 5 10 15 20 25 30

Time (h)
4 : : A
Now: No electron cloud in Arcs or NEG coated beampipes (@50ns)
u ... but for 25ns bunch spacing electron cloud is expected y
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Situation Now: 50 ns Beams in Physics
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Situation Now: 50 ns Beams in Physics
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@Beam Induced Heating

m Significant measured temperature rise due to heating by the beam
TLHC injection kickers (MKI)
1Cryogenic beam screens
C1Collimator(s)

m QOperational solution: run with bunch length increased to 1.2 ns
"1 Possible increase of longitudinal losses and population of abort gap
“I Improving beam blow-up control during the ramp (RF)
"1 Trapped Higher Order Modes: could an explain bunch length dependence
= dynamic beam impedance study ongoing

14l
' 2

1.35

1251 .M oFar e
_ M a ﬂmﬁ,_-fﬁfﬂ‘i"—“

1,15

Bunch Lengths [ns]
= =
i i

=
[y
1

«— > € > < . >
Inject Ramp Physics

1,05+

| I I I I I I
09:50:00 09:55:00 10:00:00 10:05:00 10:10:00 10:15:00 10:20:00

30



) Example: Injection kicker heating

B2 bunch length 1.2 ns B2 bunch length 1.13 ns

[Timeseries Chart betw cen 20110605 07:00:00.000 and 20110607 12:04:55.170 (L OCAL_TIME)
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/ Example: Collimator heating (TCT)

B Temperature Rise on Tertiary Collimators (close to expts)
maximum rise typically when ramping: bunch length is shortest

Timeseries Chart between 2011-03-29 00:00:00.000 and 2011-06-04 23:59:59.000 (LOCAL_TIME)
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Il temperature interlock @ 50
Extremely rapid

Increased bunc temperature drop
length of 25 °C when

—>
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@8 | HC Cryogenic Dipoles & Beam Screens

Typical LHC Cross-section

Vacuum Vessel
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Timeseries Chart between 2011-06-02 00:00:00.000 and 2011-06-06 23:59:59.000 (LOCAL_TIME)Timescaled with REPEAT every 1 MINUTE
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@ Pressure Spikes close to the expts

[

-

Vacuum Pressure at the D1

(Right side of ALICE)

Pressure spikes at injection

Reason not clear but triggered
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i) UFOs in the LHC

» Since July 2010:

35 fast loss events led
to a beam dump.

18 in 2010, 17 in 2011.
13 around MKIs.

6 dumps by experiments.
1 at 450 GeV.

- Typical characteristics:
« Loss duration: ~10 turns

- Often unconventional loss
locations (e.g. in the arc)

||||||||||||||||||||||

ssssss

- -

F - -

—_— mL“JFOExample:
Middle of Arc in Sector 34
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i U
(A
4 ™ '[
Spatial and temporal / |
loss profile of UFO |
L J
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[ The events are due to UFOs (Unidentified Falling Objects). J
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€8 Another UFO ...

Over 10000 candidate UFOs below threshold detected.

On average ~6 UFOs/hour during stable beams in the arcs.

Micrometer sized macro-particles are most plausible explanation.

UFOs cause beam dumps at all energies
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Over 10000 candidate UFOs below threshold detected.

On average ~6 UFOs/hour during stable beams in the arcs.

Micrometer sized macro-particles are most plausible explanation.

UFOs cause beam dumps at all energies

(' Beam Dump: UFO at Injection Kickers in Pt. 2, at 450 GeV. )

_ _ AP . — : 0 loss
T bl Jrer] e = — fit (gauss)

| H“”"?I"“H I |h|‘||"“”||| I

oooooo

loss RS01 [Gy/fs]
Ju

1
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time [s]

T
000000

0.08
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) Are UFOs just Dust?

10° : . . 100000.00
BLM IOSS dIStrIbutlon for 36 70 I . ® SMI2 / Centre du hall - Aucune activite
arc UEOs P e k

SMI2 / Centre du hall - 2 grandes portes ouvertes
10° |

» Bat 113 / dans le hall
@ Bat 113 / hors du flux laminaire

1000.00

100.00

Number UFOs
[
o
et
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y=11720x7087>

10.00 +—y=9653.4x 1071

v=1134 Q+,-0.975
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0.10

103 1072 101 10° 10t 0.1 1 10 100 1000 10000
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Dust particle distribution in ceramic test beam tube

... may not be representative of the LHC.

Measured 1/x distribution of dust
particles seen in vacuum test stand

could explain UFO distribution.
. J




) UFOs: Implications for Higher Energies

(
. s TR s7ar-107 | | BLM losses from
+ UFO amplitude: At 7 TeV about £ & ot aomss- ooms L wire scans J
3 times higher than at 3.5TeV. g o PO 0002252“:‘%2852?3 E
60?— P2 1.119e-06= 9.5236-08 ‘ =
. 50 | PO 0.3726 = 01325 =
- Beam Loss Monitor thresholds: I sl I E
= ..
Arc thresholds at 7 TeV are a T - .
faCtor 5 Sma"er than at 35 TeV 102_,.,--.:‘.:',Z'-':':':‘-.‘-‘:.:.:-:::::::::'.'.'.'.: ''''''''' - : : ----------- -
00 1000 1500 20002500 3000

Energy (GeV)

- UFO rate:
- Observations suggest no dependency with energy
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8) UFOs: Implications for Higher Energies

100

. UFO amplitude: At 7 TeV about &
3 times higher than at 3.5TeV. g >

- Beam Loss Monitor thresholds: p
Arc thresholds at 7 TeV are a i

factor 5 smaller than at 3.5 TeV. 1o

O_ 5 L

- UFO rate:

- Observations suggest no dependency with energy

Energy (GeV)

-

Arc UFO beam dump Estimates: Scaling from 3.5 TeV to 7 TeV |
| 2 beam dumps @ 3.5TeV => 82 dumps by arc UFOs@ 7TeV

ET T o eo1| BLM losses from
— 1 . .
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= p2 4.926e-06 + 3.629e-07
- p0 0.2449 + 0.2825 E
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= | P2 1.187e-07 + 4.467e-08 L -
= . =
= c‘ =
= et e "‘":‘
.............. -7 -
et e P
P e __..--""" _____________________ -
waldl ,;!”==::|::|"1 -------- | L A4

39



Radiation Levels: Measured & Expected

Weekly Report

Radiation levels in the LHC (R2E-related)
Week 26 (27.06.2011 00:00h - 03.07.2011 23:59h)
-1 i withc d fl <1E6 HEH/cm2 are those where the RadMons counts (@5V & @3V)
are statistically not relevant
- RadMon readings in shielded areas are strongly aff d by the th 1
Comments: | If more than one detector exists for an area, the highest level is taken into consideration
- BLM dose takes detailed offset correction into account (BE/BI)
- W25: physics + MD week. 27th and 28th June were the last two days with lumi fills. Afterwards the week was dedicated to
machine developments. Some losses expected but significantly lower than a normal physics fill.
- UJ14/16 show highest values for shielded areas, US85 > 1E7 , UJ56 ... > several SEE failures during the week
Tunnel locations - factor of 2x
Uncertainties:
areas - factor of 3x
ATLAS (ub™?) ATLAS (peak) (Hz*ub?)  CMS (ub”) CMS (peak) (Hz*ub™)  ALICE (ub™) LHCb{ub™?)
Lumi/week [109.5 1262.2 106.7 1243.7 0.3 427
RR shielded areas tunnel
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week)
13 <1.0E+6 B.8E+07 <10
17 <1.0E+6 10
53 <1.0E+6 10
57 <1.0E+6 10
73 <1.0E+6 I ]
77 <1.0E+6 2E 10
shielded areas tunnel
Uls HEH (cm-2/w26) HEH (cm-2/2011) HEH (em-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week)
14 (13, tun) 3.3E406 5.7€407) +09 <10
16(17, tun) 236406 4.0€407 <10
22 N/A N/A] <10
23 <1.0E+6 <10}
32 N/A N/ 1402
33 <1.0E+6 NJA
56 <1.0E+6
76 <1.0E+6
87 <1.0E+6 1.36408 <10
88 N/A N/, 1.56408 8.6 <10|
RE shielded areas tunnel/side
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
28 <1.0E+6 <1.0E+6 <10
32 <1.0E+6 <1.0E46 1 1402
38 <1.0E+6 <1.0E+6 <10
62 <1.0E+6 1.3E+06 2.0E+07 <10
68 <1.0E46 1.3E+06 2.8E407 <10
78 <1.0E+6 1.3E+06 24E+07 10
cavern US85 cavern UX85
Us85/UX85 HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011)
<1.0E+6 1.6E407 3.3E+06 8.3E+07
tunnel
HEH (em-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
R34 N/A 3.0E+09
R74/76 N/A 39E+09
R771 N/A 8.8E+09
shielded areas (UA) tunnel (RA)
HEH (cm-2/w26) HEH (cm-2/2011) HEH (em-2/w26) HEH !ml/ZDu) BLM dose (mG!Iweek!
P2 right (27) <1.0E+6 656408 <10
P2 left (23) <1.0E+6 2.6E+09 <10
P8 right (87) <1.0E+6 _ 10
P8 left (83) <1.0E+6 N/A N/A <10
Additional points of interest (losses observed in 'unusual’ locations)
tunnel shielded areas
HEH (em-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week) | HEH (cm-2/w26) HEH (cm-2/2011)
RB44/46 2.26407 1.6E409 N/A N/A N/A
UXC55 1.76408 N/A| N/A N/A|
8R5 2.6E408 <10} N/A N/A|
9R5 5.5E407 <10| N/A N/A
11R5 7.48407 1.1E409 <10) N/A N/A|
UPS54 N/A N/A <10) 2.7E406 43E+07|
1111 7.6€407 1.1E409 <10) N/A N/A
8Ll 2.06409 _ <10} N/A N/A
ARC/DS
18R7 4.5E406 9.5E407 <10|




Radiation lev

Week 26 (27.06)
- Locations with ¢ dfi

<1E6 HE|
- RadMon readings in shielded areas are strJ

Uls

HEH (cm-2/w26)

shielded areas
HEH (cm-2/2011)

Detailed Analysis

HEH (cm-2/w26)

tunnel
HEH (cm-2/2011)

are statistically not relevant
- If more than one detector exists for an area,

CommMENtS: | 8L dose takes detailed offset correction in 14 (13, tun) 3.3E+06 5.7E+07 9.8E+09
- W25: physics + MD week. 27th and 28th Jung
machine developments. Some losses expecteq ( ) %
- UJ14/16 show highest values for shielded arg 16 17' tun 2'3E+06 4'OE+07 7 ! 7E * 08
Tunnel locations - factor of 2x
Uncertainties:
areas - factor of 3x
ATLAS (ub™?) ATLAS (peak) (Hz*ub?)  CMS (ub”) CMS (peak) (Hz*ub™)  ALICE (ub™) LHCb{ub™?)
Lumi/week [109.5 1262.2 106.7 1243.7 0.3 427
RR shielded areas tunnel
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week)
13 <1.0E+6 3. 5E+06 B.8E+07 <10
17 <1.0E+6 3 C 6.7E+07 <10
53 <1.0E+6 5.2E+06 9.7E+07 10
57 <1.0E+6 8.SE+07 <10
73 <1.0E+6 | <10Es6 - 10
77 <1.0E+6 E+0E 1.1E+08 <10
shielded areas tunnel
Uls HEH (cm-2/w26) HEH (cm-2/2011) HEH (¢m-2/2011)  BLM dose (mGy/week)
14 (13, tun) 3.3E406 5.7€407) <10
16(17, tun) 2.3E406 4.0€407 <10
22 N/A N/A] 1.1E+09 <10
23 <1.0E+6 1.5E+08
32 N/A N/ <1.0E+6
33 <1.0E+6 <1.0E+6 N/A]
56 <1.0E+6 9. { <10
76 <1.0E+6 +0i 10
87 <1.0E+6 1.38408 24E+09 <10
88 N/A N/ 1.56408 8.6E+08 <10|
RE shielded areas tunnel/side
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
28 <1.0E+6 <1.0E+6 1.3e+07 <10
32 <1.0E+6 <1.0E+6 | <10e46 1402
38 <1.0E+6 1.0E46 2.86+07 <10
62 <1.0E+6 1.3E+06 2.0E+07 <10
68 <1.0E+6 1.3E+06 28E+07 <10
78 <1.0E+6 1.3E+06 2A4E+07 10
cavern US85 cavern UX85
Us85/UX85 HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (em-2/2011)
<1.0E46 1.6E407 3.3E+06 8.3E+07
tunnel
HEH (em-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
R34 N/A 3.0E+09 <10
R74/76 N/A 3.9E409 <10
R771 N/A 8.8F+09 <10
shielded areas (UA) tunnel (RA)
HEH (cm-2/w26) HEH (cm-2/2011) HEH (em-2/w26) HEH gcm-z/znu) BLM dose (mG!Iweek!
P2 right (27) <1.0E+6 8.9E+07 656408 <10
P2 left (23) <1.0E+6 2.3E408 2.6E409 <10
P8 right (87) <1.0E+6 5.4E+08 _ 10
P8 left (83) <1.0E+6 N/A N/A <10
Additional points of interest (losses observed in 'unusual’ locations)
tunnel shielded areas
HEH (cm-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week) | HEH (cm-2/w26) HEH (em-2/2011)
RB44/46 2.26407 1.6E409 N/A N/A N/A
UXC55 1.76408 N/A| N/A N/A|
8R5 2.6E408 <10} N/A N/A
9R5 5.5E407 <10| N/A N/A
11R5 7.4E407 <10f N/A N/A|
uPS54 N/A <10} 2.7E406 4.3E+07
1111 7.6E407 <10} N/A N/A]
8L1 2.0E409 <10} N/A N/A]
ARC/DS
18R7 4.5E406 9.5E407 <10|

BLM dose (mGy/week)

<10
<10




Detailed Analysis

Radiation lev: -
| Uls shielded areas tunnel
- Locations with ¢ d fl <1E6 HE|
v stolaicaly mo rokousnt J HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
- RadMon readings in shielded areas are st
. |- 1f more than one detector exists for an area,
Comments: | 6L dose takes detaied offset corrction in 14 (13, tun) 3.3E+06 5.7E+07 9.8E+09 <10
- W25: physics + MD week. 27th and 28th Jung
machine developments. Some losses expecteq '
- UJ14/16 show highest values for shielded ard 16 (17' tun) 2'3E+06 4'0E+07 7'7E & 08 < '10
Uncertainties: Tunnel locations - factor of 2x
) areas - factor of 3x
ATLAS (ub™?) ATLAS (peak) (Hz*ub?)  CMS (ub”) CMS (peak) (Hz*ub™)  ALICE (ub™) LHCb{ub™?)
Lumi/week |109.5 1262.2 106.7 1243.7 0.3 427
RR shielded areas tunnel
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
13 <1.0E+6 3 SE+06 8.8E+07 <10
17 <1.0E+6 3.56406 6.7€+07 10
53 <1.0E+6 5.2E406 9.7E+07 <10
57 <1.0E+6 <1.0E+6 8.5E+07 10
73 <1.0E+6 <1.0£46 | <10E+6 0 " n
77 <1.0E+6 5.2E406 1,1E+08 )
v S olpporcigisielp Xtrapoiation
s HEH (cm-2/w26) HEH (cm-2/2011) HEH (em-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week)
14 (13, tun) 3.3E406 5.7€407) <10
16 (17, tun) 2.36406 4.0€407) <10
22 N/A N/A| 116409 <10
23 <1.0E+6 1.5E+08 <10
32 N/A <1.0E+6 1402
33 1.0E+6 <10E46 NSA H H H
T . Evolution of Radiation Levels (P1)
76 <10E+6 8.86408 <10 6.0E+07 - -
87 <1.0E+6 1.38408 24E+09 <10| - N
88 N/A 156408 8.6E+08 <10)
RE shielded areas tunnel/side 8 i + UJ 14
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week) o~ i
28 <1.0E+6 <1.0E+6 136407 <10 N\ - /
32 <1.0E+6 <1.0E46 | <108+ 1402 P g
38 <1.0E+6 <1.0E46 28607 <10 £ 5.0E+07 | -.-UJ 16
62 <10E+6 13E+06 206107 <10 o
68 <1.0E+6 1.3E+06 2.8E407 <10 ~ B
78 <1.0E+6 1.3E+06 2.4€+07 10 Q -
US85/UX85 cavern US85 cavern UX85 g | + F LU KA
/ HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) @ 4.0E+07
<1.0E46 1.6E407 3.3E+06 8.3E+07 > ‘ + Y T /‘—
tunnel e i
HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week) c B /.
R34 N/A 3.0E+09 <10 o -
R74/76 N/A 3.9E409 <10 _B 5 /
R771 N/A 8.8E+09 <10 @ 3.0E+07 7
shielded areas (UA) tunnel (RA) = | /
HEH (cm-2/w26) HEH (cm-2/2011) HEH (em-2/w26) HEH !ml/ZDu) BLM dose (mG!Iweek! > |
P2 right (27) <1.0E+6 8.9E+07 656408 <10 &D |
P2 left (23) <1.0E+6 2.3E408 2.6E409 <10 g |
P8 right (87) <1.0E+6 5.4E+08 _ 10 w V.
P8 left (83) <1046 N/A NA <10 - 2.0E+07 I "4
Additional points of interest (losses observed in 'unusual’ locations) oo |
tunnel shielded areas I
HEH (em-2/w26) HEH (em-2/2011)  BLM dose (mGy/week) | HEH (cm-2/w26) HEH (em-2/2011) Q i
RB44/46 2.26407 1.6€409 N/A N/A N/A 2 - '___.—‘——/
UXCS5 176408 N/ N/A N/A % 1.0E+07 " : =?
8R5 2.6E408 <10} N/A N/A 3 B
9RS5 5.5E407 <10} N/A N/A| E - /
11R5 7.4E407 <10f N/A N/A| E i
uPS54 N/A <10f 2.7E+06 43E+07 = B
1111 7.66407 <10} N/A N/A () 0.0E+00 -7 l | 1 | ] ! ] ! ] 1 | 1
8L1 2.06409 | 33m0 <10 N/A N/A
PRGOS T oo s W12 W13 W14 W15 W16 W17 W18 W19 W20 W21 W22 W23 W24 W25
Weeks / 2011




Detailed Analysis

Radiation lev -
Weskz12708] Uls shielded areas tunnel
- Locations with ¢ d fl <1E6 HE|
v stolaicaly mo rokousnt | HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week)
- RadMon readings in shielded areas are st
- If more than one detector exists for an area,
Comi 3 X
M5 |_BLM dose takes detailed offset corection inf 14 (13, tun) 3.3E+06 5.7E+07 9.8E+09 <10
- W25: physics + MD week. 27th and 28th Jung
machine developments. Some losses expecteq ( ) 4
- UJ14/16 show highest values for shielded ard 16 17' tun 2'3E+06 4'0E+07 7 ! 7E 08 < '10
Tunnel locations - factor of 2x
Uncertainties:
areas - factor of 3x
ATLAS (ub™?) ATLAS (peak) (Hz*ub?)  CMS (ub”) CMS (peak) (Hz*ub™)  ALICE (ub™) LHCb{ub™?)
Lumi/week |109.5 1262.2 106.7 1243.7 0.3 427
RR shielded areas tunnel
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) _ BLM dose (mGy/week)
13 <1.0E+6 3 56406 B.8E+07 <10
17 <1.0E+6 6.7E+07 <10
53 <1.0E+6 9.7E+07 10
57 <1.0E+6 8.5E+07 <10
73 <1.0E+6 S <10 n n
77 <1.0E+6 1.1E+08 <10
v S olpporcigisielp Xtrapoiation
s HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/2011)  BLM dose (mGy/week)
14 (13, tun) 3.3E406 5.7€407) <10
16 (17, tun) 2.36406 406407 <10
22 N/A N/A| 11E+09 <10
23 <1.0E+6 1.5E+08 <10
32 N/A N/ <1.0M 1402 . . .
o o . Evolution of Radiation Levels (P1)
76 <1.0E+6 : <10 1.0E+10 - .
87 <1.0E+6 1.36408 2.4E+09 <10 - -
88 N/A N/ 1.56408 8 6E+08 <10 - B ——
RE shielded areas tunnel/side o i UJ 1 4
= HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) BLM dose (mGy/week) Q i /A
28 <1.0E+6 <1.0E+6 1.3E+07 <10 o B
32 <10E+6 <1.0E46 | <10ev6 | 1402 £ I o UJ 1 6
38 <1.0E+6 <10E46 28607 <10 g
62 <1.0E+6 1.3E+06 206407 <10 ; 1.0E+09
68 <1.0E+6 13E+06 286407 <10 =] OE+ = ——
78 <1.0E+6 1.3E+06 2.4E+07 10 g i F LU KA
cavern US85 cavern UX85 =1 i T T T
Us85/UX85 HEH (cm-2/w26) HEH (cm-2/2011) HEH (cm-2/w26) HEH (cm-2/2011) o i .
<1.0E46 1.6E407 3.3E406 8.3E+07 [ i :
tunnel E \)
HEH (cm-2/w26) HEH (cm-2/2011)  BLM dose (mGy/week) 'g i
R34 N/A 3.0E+09 10 -
R74/76 WA 396409 <10 2 1.0E+08 |
R771 N/A 8.8E+09 <10 B n
shielded areas (UA) tunnel (RA) c i
HEH (cm-2/w26) HEH (cm-2/2011) HEH (em-2/w26) HEH !ml/ZDu) BLM dose (mG!Iweek! u." L
P2 right (27) <1.0E+6 8.9E+07 656408 <10 'uco i
P2 left (23) <1.0E+6 2.3E408 2.6E409 <10 T |
P8 right (s7) e 5 46408 B @
P8 left (83) <1.0E+6 N/A N/A <10 =
Additional points of interest (losses observed in 'unusual’ locations) ‘—; 1.0E+07 o
tunnel shielded areas £ C
HEH (em-2/w26) HEH (em-2/2011)  BLM dose (mGy/week) | HEH (cm-2/w26) HEH (em-2/2011) E B
RB44/46 226407 1.6€409 N/A N/A N/A S
UXC55 176408 N/A N/A N/A o
8R5 2.6E408 <10) N/A N/A] B
9R5 5.5E407 <10f N/A N/A _F
11RS 7.A4E407 <10| N/A N/A| 10E+06 Il 1 1 1 1 Il 1 1 ] 1 1 1 1 1
uPS54 N/A <10} 2.7E406 4.3E+07 ~ o < ) Ite) ~ fove) o) o — ~ o < LA — ~ — O
1111 766007 <19 N/A N/A — =4 H H +H —+4 —+H +H N &N N N N N A =
o 206405 T . WA WA R K& € E
ARC/DS Weeks / 2011 P 5 =
18R7 4.5E406 9.56407 <10) © = =
s D
>




88) Radiation and Single Event Upsets

-”\_:_1;0;))))]3

\_

beam downtime

4 )
Radiation can cause single event upsets that lead to equipment failure and

J

# of Failures

Equipment Locations Conf _ILikel Consequence Mitigation Comments
Collimation Control UJ14/16/56 2 2 Dump sk Details
Shielding —
. Relocation :
Cryogenics Control UJ14/16/56/76 - 2 Dump Shielding Details
Cryogenics WorldFip TI2, RR53 2 Dump Software Update |Details
Biometry UJ14/16 Delay Relocation
Cryogenics PLCs Uss8ss 3 1 Dump Relocation Details
Cryogenics Power Converter UsSs85 2 Dump Relocation
Power Converters UJ14/43 Relocation
auxillia ower subbl RR17 4 1 Dump Shielding Details
VP dhind UA87 Re-Design
Relocation i d af
Power Converters Other several several Dump Shielding confirmed after
Re-Design H4IRRAD tests
UPS UJ56/US85 Dump Relocation
QPS Control UJ14/16 1 1 Dump Re-Design Details
23 cases
Tunnel, Firmware transparent
QPS ISO-150 UJ14/16, 38 some: Dump Re-Desi )
RR53 e-besign to operation after
firmware update
uFIP Tunnel, UJ14 1 1 Re-Design Details
wIC TI8 1 pump  |Relocation Details
(done) —
| Ivsis | :
Power Converters 60A Tunnel ? Re-Design e
(H4IRRAD)
Valve Controllers Uss85 ? Replacement under investig_jation
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®) Radiation and Single Event Upsets

\_

beam downtime

4 )
Radiation can cause single event upsets that lead to equipment failure and

J

up to Wk 26

# of Failures
Grand Total

Total: 12 'M‘ Transparent
Shielded Area.: 12
Tunnel: ‘ 12 ‘
Power Converters UJ14/43 Reloc3or
auxillia ower subpl RR17 Dump Shielding Details
Y P PPy UAS87 Re-Design
Relocation i d af
Power Converters Other several several Dump Shielding confirmed after
Re-Design H4IRRAD tests
UPS UJ56/US85 Dump Relocation
QPS Control UJ14/16 1 Dump Re-Design Details
23 cases
Tunnel, Firmware transparent
QPS I1SO-150 UJ14/16, 38 some: Dump Re.Desi ,
RR53 e-besign to operation after
firmware update
uFIP Tunnel, UJ14 1 Re-Design Details
wic TI8 1 pump  |Relocation Details
(done) —
| Ivsis i .
Power Converters 60A Tunnel Re-Design e
(H4IRRAD)
Valve Controllers Uss85 ? Replacement under investig_jation




Radiation and Single Event Upsets

<
Radiation can cause single event upsets that lead to equipment failure and

beam downtime
\_ J

up to Wk 26 # of Failures
Grand Total
IMI

Total: 58 12
Shielded Area.: 21 12 33
Tunnel:] 37 37 [ 12 ‘

m SEUs that lead to a beam dump can result in significant
recovery time: eg cryogenics recovery can be 24hrs++

'—\

® Concern: How to Scale SEUs to Nominal Operation?
Luminosity: P1/5 (x50), P8: (x3-5)
Energy: P1/5/7/8: (x1.5)
Intensity: P7(Collimation): Losses & Distribution (x ??7)
Beam-Gas: P1/5/7/8 + ARC @25ns & Scrubbing (x ??7?)
m [US85 7 ] |—Wmmm—mmmnmwr)




| SEUs: Failures & Correlations

ATLAS Cumulated Luminosity (nb-1)

2.00E+06

1.80E+06

=o=ATLAS Luminosity

1.60E+06

=i=SEU Total

1.40E+06

=#=SEU Confirmed
1.20E:06 L 20
o)
1.00E+06 o
15
8.00E+05
4.00E+05 o
J e [ 5
2.00E+05 .
"y
|
0.00E+00 ad = 1 0
1650 1700 1750 1800 1850 1900 1950 2000

(" only Physics Fills shown ) il rember

ATLAS Cumulated Luminosity (nb-1)

2.00E+06

1.80E+06

=4==ATLAS Luminosity

1.60E+06

==SEU Total

1.40E+06

—4=SEU Confirmed

1.20E+06

1.00E+06

8.00E+05

4.00E+05 -
-5
2.00E+05 I
0.00E+00 P il ! 0
2011-03-13 2011-04-13 2011-05-13 2011-06-13 2011-07-13

Time

m Short fills with higher
luminosity

‘more’ likely to have SEUs
ending the fill since some
other failure modes depend
rather on time?

4 )

® |n terms of SEU time
the failures reflect the
cumulative luminosity

- J

m \Vith mitigations to date,
expect ~10 SEU failures
for remainder of 2011 run

42



88 \What Can be Done

RELOCATION

SHIELDING

(

Mitigation Options

\_

RAD-TOL CIVIL
DESIGN ENGINEERING




88 \What Can be Done

Solve & Gain Time Improve & Gain Time

RELOCATION

SHIELDING

Mitigation Options
Solve & Remain Flexible No Major CE

RAD-TOL
DESIGN



| Performed Mitigations

® Shielding:
P6 (RA63/UA63 and RA67/UAG7) (gain ~factor 5-10)
UJ22/23/76/88/87 (gain ~factor 10)
RR77/73 (gain ~factor 10)
US85 Safe-Room (gain ~factor 10)

m Relocations:
Fire-Control Racks UJ56/76, US85 (safe)
RTU relocated from safe room in UJ56/76 (safe)
Cryo-relocations/valve replacement in UX85 (safe)
UPS from UJ76 (safe)
Fire-Detectors: US85, other points prepared (safe)
PLCs from US85 (safe)

B Replacements & Upgrades:

QPS Firmware Upgrade (ISO150 failures) (transparent)
US85 24V Power Supply -> replaced by old model (more robust)

44



) R2E (Radiation 2 Electronics) RoadMap

m 2011 Operation shows:
failures will continue to occur but not limit luminosity reach
|dentifies the most critical equipment
Evolution of radiation levels compared with expectations

m 2011/12 Christmas Break (and Technical Stops):

Relocation of most critical elements
Additional shielding of most critical areas

m 2012 Operation:
Aim is that SEEs will not limit LHC performance

®m Next long-shutdown:
Relocation & Shielding for all critical areas

Long shut down R2E Mitigation work is in parallel to the Splice
Consolidation program for the Magnet inter-connects




® Qutlook: where we think we can improve (2011 & 2012)
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) LHC Machine Development: Whats next ...
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®m Machine Development
22 days allocated in 2011.

m VD website

http://www.cern.ch/lhc-md

® |nvestigate luminosity reach

® MD3 (end of August):
B* =1m for 50ns

m factor 1.5 in luminosity
explore 25ns beams setup

47


http://www.cern.ch/lhc-md
http://www.cern.ch/lhc-md

) Machine Development: Exploring the LHC
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@Machine Development: Exploring the LHC

S

Emittance

-

Iso-lumi lines: luminosity per colliding bunch in (E= 3.5 TeV, 3*= 1.5m)
= Eg: peak luminosity:
1318 x 1.2x1030 = 1.58 x 1033 cm=s' = 1.58 Hz/pb

S INOTIIIITAT | UILIdLC ) Z
- High intensity MD' -
— 25ns MD NS ,’ e T ad LS
i ' A / Ve o s ’ N ’ BN '\36\ ’ Q ¢S . -
- ot / N Ve AU\ I 7
50ns operation NS & 3 R :
I Q7 D © . -
i W RS " i
- A Lo { _
0 o L . . oy L o -
: D o & L -~ .-~ Beam-beam MD’s .
X S A =
o y o - _ - . _ -7 20 Cﬁ{ S
_.il._..h.-_-l = =1 ‘1 1 L 1 1 I 1 1 1 1 | 1 1 1 L I 1 1 1 1 I 1 1 1 1

[ Bunch Intensity )
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@MD& Bunch Intensity and Emittance

S

25ns Bunch Spacing: Doubles max number of bunches i
... Requires further commissioning i
4 | ... May not bring such large gain due to large emittances etc ~
) /

- ' | Highmtensity MD -
e} - > N ® .
e 3 B 25ns MD N S 24 —
E i / A / A > §0 & o & -
- T ’ S Vo Q ‘ Q - -
= I 50ns op,eratlon \\\o o oS &%\ / QO !
E B " ~ X x ‘o\Q - -
i R o & o -~ -~ Beam-beam MD’s i
L ;\6& & By _

O _4___5_._4; I ‘1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 0.5 1 1.5 2 2.5

W

Bunch Intensity [1011 p]



@MD: Bunch Intensity and Emittance

ve [mm mrad]

S

4

Beam-Beam: Working Point ~OK.

No beam beam limit with standard machine config

Long-range beam-beam Working Point also OK!

Bunch Intensity [1011 o]

) L ’ . ) /-
- High intensity MD' -
, ’ N PRy A A
= 25ns MD N A
- A ’ ne oL N N & NS -
- . 4 P\ v e Q Q p —
I 50ns operation I o< S % S
p ' / \\ . ! ) v - s -
. A " e N ‘ - .
- P "0 —
B § ~ L ’ : B - L -
. & & NN . .-~ Beam-beam MD’s -
~ Oé\' "§ ~ ; ﬁ \\\ g ' '_ ) . - - . _
. S e T T, -
_ & . T e S
o~ 10 a
- & 12 .
- \) - > -
_4___5_._-| =5 =4 1 1 1 1 | 1 1 1 1 | 1 1 1 L | 1 1 | L 1 1 1
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@MD Results: Bunch Intensity and Emittance

ve [mm mrad]

S

4

Collimation:
- OK for up to 2808

bunches at 3.5 TeV with gal Ultimate | .
very high bunch charge. FE High/iﬁt/ensity MD

=> No limit on number|

of bunches!

.’
/
/
/

O |
I\
"..‘.\
Y \
m *
p—
—

-~ Beam-beam MD’

1 15 2 25 3
Bunch Intensity [10'" p]



@Optimal performance improvement

S r

. . ) A I | 1 1 /l,
Ideally: Movement orthogonal to iso-lumi lines ’
L Small emittance could be used to reduce beta* to 1m -
4 + Nominal  Ultimate | -
- High intensity MD' -
E - | > , ‘ / \ ]
© 3 25ns MD . RPN
= i A Vo > & o S -
= I 50ns op,e'ration o 0\ . N b“_b\?/ bg\é, - ]
E B , AN . - 7 -
— 2 B > ﬁ:‘?/ / T T
48] - ,\\Q \ - B .- i -
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- Oé\/ »-9 © , \\\. g ' .- e _ -7 i -
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. & Lo e A -

= l = '1 = = lg —_l A 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 1 1 I ] 1 1 1

ot

1 1.5
Bunch Intensity [1011 o]
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@Assume 1.2 mm mrad minimum emittance

ve [mm mrad]

S

1 1 1 1 I 1 1 1 1 I 1 A 1 1 I 1 ,‘ | 1 I 1 1 1 | l 1 1 1 1,
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@ Injection limit on high emittance

S

ve [mm mrad]

1 | 1 1 I 1 1 1 1 I 1 A 1 1 I 1 /'l 1 | I 1 1 I | 1
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- High intensity MD -
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@Beam Dump (TCDQ) Robustness

ve [mm mrad]

S
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ve [mm mrad]

@ Intensity Limit for Smallish Emittance

S
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ve [mm mrad]

@ Exclude Region with Lower Luminosity

S
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@ Room for Improvements
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#88) Room for Improvements (with injector limit)
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#®8) Room for Improvements (with injector limit)
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@LHC MDs: Conclusion to Date

S

Increase bunch intensity for same emittance.

Up to ~6-7 x 1033 cm2s-1 for f*=1m.

=> Peak Luminosity: Up to ~4-5 x 1033 cm2s-1 for *=1.5m.
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) MD Achievements in numbers

High bunch intensity in LHC:

excellent beam lifetime

m Colliding beam @ 450 GeV:

twice nominal intensity, half nominal
emittance, head-on & parallel separation OK

m Long-range beam-beam for 50ns:
crossing angle can be more than halved

m Short bunch spacing -2 25ns:
24b trains, vacuum ~OK, heat load ~OK,
instabilities, better than 50ns at same stage

m |njection:

m Tune working point:
more space in tune diagram for BB footprint

m ATS optics:

Np
YE
Np
YE

o../2

Nbunch

YE
YE
Q,/Q,

R

u

Q

R

2.7x10" p/bunch
3.3 um

2.3x10" p/bunch
1.7 um

48 urad fort=15h

216
1.2x10" p/bunch
2.7 um first batches

3.5 um OK for injection
0.47/0.47

0.3 m
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881 Lumi Reach for remainder of 2011

: Lost -
Cumulative improvement
| MaxLumi g oges | Risks .
Adiabatic | Improvement : o factor
Time Reversibility

7| (0ays)
bunch Intensity Yes 2 0 0 higher Yes No
Emittance Yes 1.35 0 0 higher Yes No
_ No 1.5 3 >0 higher Yes Yes
_ No 1 3 0 higher Yes Yes
25ns No 1.9

Est. Integrated Lumi if stay as we are ~1.0 fb-?

Luminosity comparison wrt:
1380 bunches, 1.1E11 av bunch intensity, emittance = 2.7um, beta* = 1.5, Peak Lumi = 1.2E33
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88 Lumi Reach for remainder of 2011

bunch Intensity Yes 2 0 0 higher Yes No

Emittance Yes 1.35 0 0 higher Yes No

Beta* = 1m No 1.5 3 >0 higher Yes Yes

Beta®* = 1.5m No 1 3 0 higher Yes Yes

25ns No 1.9 10 >0 same No Yes
4 )

Luminosity Improvement Factor 4 1 2.9
Plan of attack

Pile Up 28 10

* Continue with 50ns
Relative Integrated Luminosity Factor 3.42 2 006

e Operate with Beta* =1m

. Luminosity Improvement Factor 2.7 1.9
and emittance < 2um _
Pile Up 19 V4
o
Increase bunch intensity Relative Integrated Luminosity Factor 2.32 1.38
(max 1.55e11)
g ) Est. Integrated Lumi if stay as we are ~1.0 fb-?

Luminosity comparison wrt:
1380 bunches, 1.1E11 av bunch intensity, emittance = 2.7um, beta* = 1.5, Peak Lumi = 1.2E33

63



#8) LHC Outlook ... till end of 2012

®m Proton Physics data-taking until end of 2012
50ns or 25 ns

® 50ns with Beta® = 1m should give better delivered luminosity
® Peak Luminosity better with 50ns due to better beams from the injectors.
= Very high intensity operation at 50ns may need beam scrubbing with 25ns

Beam energy

m After copper stabilizer resistances measurements during the Christmas stop,
re-evaluate maximum energy for 2012 (Chamonix 2012)

m lons Phyiscs
L ead-lead for 4-5 weeks at end of 2011

® increase number of bunches and luminosity wrt 2010
Feasibility Test end 2011 for protons-lead (possibly 2012)

Possibility of protons-lead in 2012. Otherwise stay with lead-lead.
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@ Summary

® Beam Intensity, peak and Integrated luminosity are still going up
m Successfully implemented luminosity calibration + leveling for LHCb
m Reached 2011 target integrated luminosity, with ~16 wks remaining

m Several issues being addressed that effect delivered luminosity
progress (intensity, beam instabilities , 3*, emittance, electron cloud)

B Questions on energy, 25ns operation and schedule for 2012 to be
addressed in “Chamonix 2012” (Jan 2012)

® Machine Protection issues are foremost in LHC operation
O We currently operate with ~110MJ of stored energy

® The LHC is an immensely interesting environment, and we are looking
forward to delivering a lot of luminosity both before both and after the
2011/2012 break ( ie before the 2013 long shutdown).

65



&

LHC Pagel Fill: 2082 E: 450 GeV 07-09-2011 09:28:25

PROTON PHYSICS: INJECTION PHYSICS BEAM
0.00e+00 1.65e+12 0.00e+00 9.38e+09

TED TI2 position: BEAM TDI P2 gaps/mm up: 10.91 down: &8.59

TED TI8 position: BEAM TDI P8 gaps/mm up: 9.58 down: 8.90

Intensity
Energy (Gel)

Comments 07-09-2011 08:39:11 : BIS status and SMP flags

Asynch test and loss maps completed Link Status of Beam Permits
Global Beam Permit

Next fill for physics, 264b Setup Beam

(possible need of inj studies, though)

Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: 50ns_264b+1small_250_25_216_36bpi9inj PM Status Bl SRS ERRPM Status B2 ENABLED
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@ LHC target energy: the way down

3 All main magnets commissioned for 7TeV
operation before installation

A Detraining found when hardware
commissioning sectors in 2008

—5 TeV poses no problem
— Difficult to exceed 6 TeV

a Machine wide investigations following
S34 incident showed problem with
magnet inter-connect joints

ad Commissioning of new
Quench Protection System
(nQPS)

450 GeV

When | || Why
7 TeV .
2002-2007 | Design
12 kKA
5 TeV  Summer 2008 | Detraining
9 kA
Late 2008 :
3.5 TeV t
Spring 2009 Joints
6 kA
11876V Nov. 2009 | n@Ps
2 kA




) LHC target energy: the way up

QTrain magnets When| || What
— 6.5 TeV is in reach
7 TeV .
— 7 TeV will take time 2015++| Training
d Repair joints 6 TeV 2015 N
. 2014 |Stabilizers
A Complete pressure relief system

O Commissioned nQPS system

d Luminosity Production

1.18 TeV
© 2009

450 GeV
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' UFOs not just in the ARCs

13 beam dumps due to UFOs around injection kicker magnets (MKIs)

In total =1500 UFOs around MKIls

El 450 GeV

: : ; : B ramp
50 ..... RO . ........ ........ ...... — 3.5 TeV i
@ai oy /s |~] s imearation Time: | cwusl-| o[ ol JHR Most events within
Total Losses: 16.6774 [Gray / s] 01.07.2011 01:29:49 g- : : 30mln after the IaSt
Lg; < 50 injection.
beam 5 —

DCU

Losses [Gray / s]

i:'1.0 =05 0.0 0.5 1.0 RS 2.0 740 3.0
hours after last injection
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88) Measured and Calculated Power Spectra

B Beam Frequency Spectrum: simulation agrees with measurement
below 1.2GHz for bunch length of ~ 1.2ns

B Beam impedance indicates higher order modes above 1GHz

® Significant power at 1.6 GHz.
35 dB below 400 MHz component(factor of 3000 in power)

Single-Sided Amplitude Spectrum

l I - - -30 T T
Ct = half bunch Iength ) — t=0.5ns Bunch spectrum comrected for cable
t = 0.6ns -40} Bunch spectrum
1.0~ — t=0.7ns i
— t=0.8ns
— t=0.9ns
0.8y Meas R. Steinhagen||
Q —
3 ©
£ 0.6 Should we worry 2
= about this? ]
0.4F
I
O.% ' . -120 1 1 1 L
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@@ LHC MB circuit splice consolidation proposal

e

Phase |
Surfacing of bus bar and installation of redundant shunts by soldering
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Phase |l
Application of clamp and reinforcement of nearby bus bar insulation
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LHC MB circuit splice consolidation proposal
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@8 | HC MB circuit splice consolidation proposal

Phase |l
Application of clamp and reinforcement of nearby bus bar insulation
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Phase Il
Insulation between bus bar and to ground, Lorentz force clamping
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@@ LHC MB circuit splice consolidation proposal

w

Phase Il
Insulation between bus bar and to ground, Lorentz force clamping
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