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Pre-cursor

“From my side, | have been really impressed
this year by the performance of the LHC
instrumentation, with many improvements

on all sides.”  gicx

It has clearly contributed to a very good year.
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LHC beam instrumentation



Bl playing fields

Luminosity production

— OP’s bread and butter

— Now with 110 MJ — no messing (please)

— Moving target as performance and intensity is pushed
Routine commissioning

— New optics, squeeze, loss maps

Machine development

— Exotica and interesting stuff

Special runs

— VdM scans, scrubbing runs
— Can be very demanding



OP’s bread and butter

* First priority is getting 110 MJ safely through the cycle
— QFB
— OFB & orbit stability with respect to collimators

— Inputs to machine protection
* BLMs, SMP, BPF, BPMD...

— Monitoring
e Lifetimes, beam loss...
e Second priority is performance
— Beam loss is normally negligible

— Emittance from the injectors and emittance blow-up
during the LHC cycle is the focus at the moment

* Bunch-by-bunch, batch by batch
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A day in the life of the LHC
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Preparation for injection

BPM calibration

DC BCT calibration

BLM capture mode for IQC

Reset BPMDs

BPM sensitivity to pilot

Reset BPM turn-by-turn concentrator
Check BLM MCS settings

BLM sanity check Room for more...

SMP
Prepare feedbacks for injection

Usually unfolds without too many problems — when
there is a problem, there usuallyis a problem



Injection pilot

Check tunes
Chromaticity via BBQ & RF modulation
OFB on to correct orbit

Prepare for nominal intensity
— BPM sensitivity nominal

— BQM nominal attenuation

— (ABC, IGC, SBF)

— Circulating bunch configuration



Injection Nominal

Transfer line trajectory — BPMs — (not using BbB)
Injection Quality Check

— Ring trajectory - bunch-by-bunch

— BLMs

— WCM@RF for bunch length, filling pattern

Wire scanners (first 12b + 144b)

Bunch by bunch BSRT

Chromaticity

— Measure with pilot and then trust in FIDEL dynamic correction
BCTs always

Orbit/Orbit feedback

BBQ/Tune feedback



Injection
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Wire Scanner Application

Wire Scanner Application
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Chromaticity measurement
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Lifetime - 2 bunches
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Lifetime - the challenge
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Ramp & squeeze

We are in your hands

BBQ/tune feedback

Orbit feedback

Monitoring:

— BLMs always, the orange screen the wake-up

— lifetimes
— bunch lengths (RF’s WCMs)/blow-up

With normal intensities — essentially blind on
beam size



WS_beam1_AGC_fill2187.png-1.0 (RGB, 1 layer) 600x400 =]  Ws_beam2 AGC _fili2187.png-1.0 (RGB, 1 layar) 600x400 =B8]
file Edit Select View Image Layer Tools Dialogs Flters Python-Fu Script-Fu fle Edit Select View Image Layer Tools Dialogs Fiters Python-Fu Script-Fu
0 100 200 300 400 500 @]
1] 100 200 |300 400 500 =
o B B B B e ® _'_|__'_|_‘_‘..‘.‘.'..l.'.'.'.1_|_'_|__'_|_'_|__'_|_'_|__'_|_‘_‘..‘.‘.'.'.Y.'.'.'.1_|_'_|__'_|_'_|__'_|_'_|__'_‘_‘_‘__‘_‘_'_Ll_‘_
4 AGC MD, fill 2187, beam 1 |® @ Horizontal || |ff 3 AGC MD, fill 2187, beam 2 |® @ Horizontal |
4 20 ! ; |® @ Vertical | 3 ' ‘ ‘ 1® @ Vertical |
3 1.8l : —3500 | i 18 3500 |
1 | | !
T i o i :
8 1.6 ..43000 i o =16 3000 |
3 5 | 1 % _
b — - i >
1 g 42500 2 e T Y ATE FTEE RN P 2500
- a 1.4 8| 1 o 9
= ! 1 o d
] i =1 o 12000 >
—1 42000 > 1 1.2+ R
54 £ 12 ol ||| & e =
3 = {1500 £ 3 E 10L @ ® 11200 &
4 E1lof . | T o |
4 @ | = . |
Bl 41000 | 4 0.8 Leoer oo e 1000 :
-+  08f A | !
B ! 8 : ‘ ‘ 500 |
! ; 1500 3 0B . :
__: 06F--- i ! __E . ‘ ‘ ‘ ‘ o 3
- r 0 | o 0 10 20 20 40 50 !
a] 0 10 50 ! Lol i o g [
0 I T time from injectionIminutes] __________________ 1]
. 1 (] [+)
OC] i | (2 s
345,379 [px & 100% * | Backsround @07 W) |
px ¥ Background (2.07 MB) ‘ m e A
WS_beam1_lossMap_fill2236_bunchl.png-1.0 (RGB, 1 layer) 600x400 [-|O]X] WS_beam2_lossMap_fill2236_bunchl.png-1.0 (RGB, 1 layer) 600x400 [ | O]x]
Fle Edit Select View Image Layer Toels Dialogs Flters Pythen-Fu Script-Fu fle Edit Select View Image Layer TJools Dialogs Flters Python-Fu Secript-Fu
100 200 300 la00 500 &1 119 100 200 300 400 500
oot B e S e e EIPE  en B Ea  B B B S
=T =
m ® @ Horizontal | Bl Loss map fill, fill 2236, beam 2 |® @ Horizontal |}
= 2.0 T @ @ Vertical | = 2.0 T T T T T T @® @ Vertical |
4 ; 3500 | =4 ; 3500 |
1 1.8 : ! 1 18 - 1
T i T |
5 13000 | 5 H3000 |
" 5 | a2 £ |
o 1.6} — 1 16} =
— g 42500 2 — g 42500 =2
.y = . [<h E. = [«'h
I : 9, T 9}
2 g 1al d2006' = ||~ 8 14t ~2000 >
[ : o o c : o
i1 o @ o m : |
4 £ : 11500 £ 4 : J1500 c|
4 L2f i a4 £ 1.2F |
1 o : ! B : 1
- : {1000 | = : 41000 |
T 1.0} ' 30—_: 1.0L-
8 : {500 | o : 4500 i
3 : i i ‘ i i i i 0 5 il 0.8 i i i i i i i 0 !
] 0 80 10 20 30 40 50 60 70 80 | i 0 10 20 30 40 50 60 70 80 !
o T time from injection [minutesl | 0 time from injection [minutes] ]
OGI [ | | O [
577,193 Background (2.07 MB) ‘ Background (2.07 MBE) ‘
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LHC beam instrumentation Verena Kain 24-11-11
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= Lars found that the fast BCT front end was
Jﬂ making extra checks in/case of "improbable"

data, if the total intensity goes above 2E14
(which is the case this fill). This limit has now
been raised to 2.5E14!

0ED )

T T
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LOCAL TIME

Bunch pattern dependence & saturation of the DCCT
e Modified DCCT feedback loop, wall-current bypass & front-end amplifiers

e Uncertainty in the absolute DCCT calibration now at the 0.1% level

Satellite bunches and unbunched beam
e Produces uncertainty in cross-calibration of FBCT with DCCT
24-11-11 e« LDM & data from experiments used to ensure this is well below 1%




BSRT - ramp & squeeze
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T T -
23-0ct-2011 17h 23-0ct-2011 13h
LOCAL TIME

24-11-11 LHC beam instrumentation
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TIMBER v4.2.4
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2,000
1,500

1,000

500

TTTT TTTTTTTTTTTTTTTTTT
16-0ct-2011 14:30 16-0ct-2011 1440 16-Oct-2011 14:50 16-0ct-2011 15:00

LOCAL TIME

2011 15:01:15 967 Kz 499 92
2011 15:01:17.340 K35 64. 4444444444443

DEVERTIM | HC BOFSLEOFC_ERNERCY
Data Set: [SE[Ee]S

frew
0.010

-0.010 A

_D'DISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
16-0ct-2011 14:30 16-0ct-2011 14:38 16-0ct-2011 14:46 16-Oct-2011 14:54 16-0ct-2011 15:02

2011 14:52:54. 986 -0.0060044304

LOCAL TIME
PEIERT A HC BOFSLTUMNE_TRIM_B1_H
Data Set: [sl[zE{e]3 2011 14:52:54. 495 el -0 014861111111111113

—— LHC.BOFSU:OF C_ENERGY —— LHC BOBEC UA43 FFT1_E2:EIGEN_FRECQ 1

LHC.EQEBEQ. LAY S FFTL_B2:EIGEN_FREQ 2

—— LHC BOFSUTUME_TRIM_E1_H
—— LHC. BOFSUTUNE_TRIM_E2 W

—— LHC.EOFS L TUNE_TRIR_EL W

G Na Unit Ha Unit
0.33

3,500
3,000 3
2,500 3

2,000 4

1,500

1,000

500
USRS L L UL B L L LU LU
17-00ct-2011 13:18 17-0ct-2011 13:31 17-0ct-2011 1344 17-0Oct-2011 13:57

frew
0.010

0.005

0.000

-0.005 A

-noioH

R o o e et
17-0ct-2011 153:18 17-00ct-2011 13:28 17-0ct-2011 13:3617-0Oct-2011 13:48 17-00ct-2011 13:58

LOCAL_ TIME
(RFAERT Al | HC BOFSLOFC_ERERCY 2011 13:42:35.991 350004
Data Set: [SE[Ee]

2011 13:42:37.053 3483.2146666666667

LHC beam instrum

-0.0022768106

2011 13:29:26.907 -0.0052F 7777777777777

LOCAL TIME
EERT | HC BOFSLTUME_TEIM_B1_H
Data Set: [SE[Ee]=

Ralph Steinhagen




Tune feedback - corrections

FB-Status

—+— LHC BOFSLTUNE_TRIM_B1
Ha Unit

frew

o.onn

-0.001

-0.002 ~

-0.003 —

T T T T
23-0ct-2011 1845

T T T T T T T T T T T
23-0ct-2011 1833 23-0ct-2011 18:37  23-0ct-2011 18:41

T T T T T T T T T T T T T T T T
23-0ct-2011 18:13  23-0ct-2011 4 23-0ct-2011 1821 23-0ct-2011 1825 23-0ct-2011 1829

LOCAL T

T T T T T T T T T T T T T T T T T T T T T
23-0ct-2011 1749 23-0ct-2011 17:53  23-0ct-2011 1757 23-0ct-2011 1&:01  23-0ct-2011 18:05  23-0ct-2011 1509

Tune change — start

Snapback - of squeeze
24—11—1g00d JOb LHC beam instrumentation




Collisions - BRAN

—— LHC.ERANAALLTOTAL LUMINOSITY —— LHC BRANA ARLTOTAL LUMINOSITY
Hollnit Nollnit

4,000

I 2,500
3,500
3,000 I “

2,000
2,500 -

11,500
om0 ] gw—
LA = 1,000
1,000

500

500 —
@ T T T T T T T
23-0ct-2011 18h 24-0ct-2011 00h 24-0ct-2011 0Lh 24-0ct-2011 02h 24-0ct-2011 03h 24-0ct-2011 04h 24-0ct-2011 05h
OCAL TIME
.
* Useful complement to Exp. Lum
setul co ement to eXp. Lumil
.
° R
esponsive

* Bunch-by-bunch app operational

24-11-11 LHC beam instrumentation
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BBQ - beam-beam modes
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LHC beam instrumentation

3
3
:

5 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
frequency [f reV]

e -110

&
S

magnitude B2-V [dB]

-70

&
S

-100

05 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 °

frequency [f 'ev]

magnitude B2-H [dB]



Fill 2006: Luminosity lifetime

Fill 2006 heatn 1 lifetime sersus time
A “typical” fill that lasted 26 hours and delivered 100 pb-!
*e
10Q hours et 0
'———.:—.—.1———-.— —.—.—.“.—.-.0;.- ————————————— 50
2 * » .
» '.
1 " e
- -
Lifetime beam 1 PR
30 hours .o .
. . . . . WFFFFESSFFSSFFSSFFTSTISSTTTTTISITTY e e et bl
: Fl].lZlUEéé beamthelmv:rjsustm = z .. - . L4 - .
° . .o.. »®
ok .
sabs _a, ¢ . es” s . ....0 ) L/ .........
o.... * et e .'°. e v " a®
» ..
" 10f
. Luminosity lifetime
Lifetime beam 2 % : m T = =
14 . : — - — - ‘W . “lﬁ ) Beamn size (H) : Origiral data and fit Bearn size (V) : Original data and fit
Beam unch length L ~ 03 ~ =
oo 2 Busc loth g™ H growth rate ~64 hours... -~ V growth rate ¥84 hours .
e oo 3 e g z|mf PR Ry
$ 0 = . T ;. i e fe . L
g: g 038 - +.. ".:h;'v' %
E 3 0 g .036:— ‘.‘#+.‘}?:_:.,;*’;'. .
= o Y e
E L -‘w-q 0 § 034 :_ - ,*;ﬁ*h""..+ *
@0 " | &l b
Mn.ﬂ;* il " 410 é ' [ %=
‘%Y‘m‘mh?": 030 :_ - 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e T T S S A T ' e . L . R 1o 13 e 25
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BbB FBCT in collisions

[3 * REA: Ihcop

LHC Fast BCT V0.6 - September 2011

(=B]x]

[, views | [ || |m| 2

l/Acquisition Configuration

3.5

bunch intensity losses in %
= [

- o () 151

1 | h |

=
w
1

T
01:40

Acquisition status

R1 R2
System A: ORNLINE OMNLINE
System B: - -
Beam & avg. bunch intensities
B1: 1.88e+14 1.36e+11
B2: 1.86e+14 1.35e+11
Data Display for:

B1 B2 (O B1+B2
® B1 & B2 Loss History

| T Rescale Loss Charts |

E2? Bunch loss history [16/10/11 02:30:20]

o
1

-
L

ra
L

bunch intensity losses in %
oW
|

01:40 01:50

Time

Device Selection

@ manual

[ema~svstoma ]

Loss Reference

| milll Set loss reference |

Reference timestamp:
Sun Oct 16 01:35:27 2011

[] Autosave (SDDS)

Console

U2tZI713 - There 18 no token, or 1t's valid
02:26:13 - Validating existing token...
02:26:13 - There iz no token, or it's wvalid

q] 1l

01:35:53 - Dispiay history fass data for 81 + B2

LHC beam instrumentation




(&

LHC Abort Gap Monitor 1.0

(=lalx)
Window i ¥ RBA: lhcop
[BEAM1 | BEAMZ |

F4

En

TIMBER v4.2.4
NORMAL | EXPERT

{2 Iponce | Data Source preferences: [LDE PRO- >TEST) - > MDE (PRO- DEV) |+ | Time Zone: |LOCAL TIME | v | Correction [BEST_NOW
Vol 3 =
10000 oreae @Quew Qutput r’O Query r\; Fill Search I’ Tg Variable Hierarchies rd‘Variahle Search r
8000+ pr—
H chart 1

B[

6000 1/‘ Filter position

No filter |
40004

Bucket
- ’.‘-'-'.""--‘_««‘“T | omesmmaseeet Detault G0 - 3395 -
0

3400 3450 3500

3550 3600 LI

N

Settings

. Data valid
Archive

= [ oeen ]

£l

O‘”&{m's’g“a 2 (FiterP... Buckg @ 30 mars 2011 13:25:21 - shartped - Start auto calibration

|dalau\t

|
[ Get | Set I[ Delete | || oo e
=
| | G total intens ity
History LHC.BSRA.US45.B2 - Ot 15, 2011 11:50:48 AM -
LED
]
U OFF h.,l Fulse Delay
1L.5E9
1E9- Fulse Length
SE8-1 [ ==
Alarm Cate
- T T T T T Alarm Yoltage
0 500 1000 1500 2000 2500 [ oo
Message

Data Set: |8
Data Set: [dl]

E: 3454 -

Nata [ oaded Successtlly

Important for machine protection, very useful diagnostic for RF problems

24-11-11
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Beam 1 orbit in stable beams fill
2105

03:00t = 0O hours
Start of stable collisions

PV AP DV LHCRING £ Beamn 1/ RAMP_FAST 2011 IONS V1@0_[START] = B
R\\'iewsJ Bl 288 | |3 T B more | o5&
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 02:49:13:373 - 14/09/11 02-49.13 o &F
1 Mean = lii.l]l]ll / RMS = l].l]lllli!mﬁ'-dn: 0. 000 f:Dp= 0.0000
£ 0 I = s 0 m 0
g L u . ] L ] L
» [arLag] . [oumr-1] . LHco
0 100 200 300 400 500

Monitor H

. CO - P 3501.240 GeXic - Fill # 2105 STABLE - 14/09/11 02:49:13:373 - 14/09/11 02-49-13

1 : : ;
Mean = 6.000 / RMS = 0.000 / Dp = 0.0000 : : :
£ :
Z 0 [ H i [ i [
g L u . L ] ]
* 057
1 ATLAS] M- CLEAN RF-B1 DUMP-B1 B-CLEAN LHCh|
- T T T T T
a 100 200 300 400 a00
Monitor V¥

This sequence courtesy: Jorg Wenninger




Beam 1 orbit in stable beams fill
04:00t = 1 hours. 2105

Tides showing up in horizontal, small ‘features’ around IR3.

“J¥ 43P DV LHCRIMG £ Beamn 1/ RAMP_FAST 2011 IONS V1@0_[START] o || =2
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 03:59:13:457 - 14/09/11 03-59-13

1 ; " ;
Mean = 0.020 / RMS = 0.023 / RMS-dp = 0.021 fDp = 0.0155
% 0 [] ]
g ] in -
= 051 .
: ATLAS] DUMP-E1 LHCh]
- T T T T T
] 100 200 300 400 a00
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 03:59:13:457 - 14/09/11 03-59-13 ol
1 7 T ; :
Mean = G.004 / RMS = ©0.01% / Dp = 0.0155 ; :
£ | | | |
> g H| I PP R R . S [ 5 []
g L = L : U ] o
” 057
’ ATLAS] - CLEAN RF-B1 DUMP-B1 B-CLEAN LHCh
- T T T T T
0 100 200 300 400 500

Monitor V¥




Beam 1 orbit in stable beams fill
05:00t = 2 hours. 2105

More tides.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&
. CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 04:59:13:573 - 14/09/11 04-59-13

! Mean = lii.l]31' f RMS = n.nzdifmﬁ-m: 0.013 f:])p= 0.0310 : :
§ - - ..Jlj_._ F— __.,__.._...E — . I ?.... - R
-1 T L T m T T
1} 100 200 300 400 400
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 04:59:13:573 - 1409111 04-59-13 o’ &
! Mean = lii.l]l]ll / BMS = 0.0125 / Dp = 0.0310
s, A Inl = B - i b
g L u L i [ LT
y 1L as [wciean . RF-51 [ounr-s] . [b-ciean] .
a 100 200 300 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
2105

06:00t = 4 hours.
New moon.

“J¥ ¥ASP D LHCRING # Beamn 1/ R&MP_FAST 2011 IOMNS V1@0_[START]

R\\'iewsJ Bl 288 | |3 T B more | o5&
.CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 05:59:13:693 - 14/09/11 05-59-13
1 : : : : H
Mean = 0.057 / RMS = 0.041 / RMS-dp = 0.021 /Dp = 0.0486 : :
£ ]
= in H H
4 L ] L]
a : ; :
T 051 ;
. DUMP-E1
- T T T T T
1} 100 200 300 400 400
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 05:59:13:693 - 1410911 05-59-13 o’ &
1 ; ; : : ; H
Mean = 6.000 / RMS = ©0.016 / Dp = 0.0486 ; ; ; ;
£ :
Z 0 4 Ll Ll e [ — L 4
g o = — | H — H
> 5] = =
] ATLAS W-CLEAN RF-B1 DUMP-B1 B-CLEAN
- T T T T T
i] 100 200 300 400 500

Monitor V¥




Beam 1 orbit in stable beams fill
07:00t = 5 hours. 2105

Shift hand-over..

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 06:59:13:813 - 14/09/11 06-59-13

1 : : ;
Mean = 0.075 / RMS = 0.05Z / RMS-dp = 0.023 fDp = 0.0640

E 0.5 H
E
g 07
o
T 05 : :

. DUMP-E1

- T T T T T

1} 100 200 300 400 400
Monitor H

CO - P 3501.240 GeWic - Fill # 2105 STABLE - 14/09/11 06:59:13:813 - 140911 06-59-13 o’ &

1 : : : : ;

Mean = G.003 / BMS = 0.018 / Dp = 0.0640 ; ; ;

s e | P o O [ - [ [
g ] ] | T [l 1}
> 057

; ATLAS] I-CLEAM RF-B1 DUMP-B1 B-CLEAN

- T T T T T

a 100 200 300 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill

08:00t = 6 hours.

Coordinators arrive..

2105

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeXic - Fill # 2105 STABLE - 14/09/11 07:59:13:894 - 14/09/11 07-59-13

1 : : : : H
Mean = 0.085 / RMS = 0.05T / RMS-dp = 0.026 fDp = 0.0715 : :
E 0.5 H
@ 0 H ]
g
T 051 ;
. DUMP-E1
- T T T T T
1} 100 200 300 400 400
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 07:59:13:894 - 1409111 07-59-13 o’ &
1 : : : : ; H
Mean = G.004 / BMS = 0.021 /Dp = 0.0715 ; ; ; :
LS Y 17 P — | R . i . — A
g LiJ — o ] L
® 05
; ATLAS] I-CLEAM RF-B1 DUMP-B1 B-CLEAN
- T T T T T
a 100 200 300 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
08:20t = 6.3 hours. 2105

RF frequency correction to compensate tides.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 08:19:13:933 - 14/09/11 08-19-13

1 ; ; ;
Mean = 0.019 / RMS = 0.02% / RMS-dp = 0.026 fDp = 0.0130 : : : : :
£
% 0 [ ; [] 1 [a] ]
£ . = - | - | ] H
= 051
1 ATLAS DUMP-E1 LHCh
- T T T T T
] 100 200 300 400 a00
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 08:19:13:933 - 14/09/11 08-19-13 ol
1 7 T ; :
Mean = G.004 / RMS = ©0.01% / Dp = 0.0130 ; :
S N B [k P . [ ) o PRPURN 1
8 0 Ju - T T i
” 057
; ATLAS] I-CLEAM RF-B1 DUMP-B1 B-CLEAN LHCh]
- T T T T T
a 100 200 jelli] 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
09:00t = 7 hours. 2105

Small betatron oscillationin horizontal.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 08:59:14:020 - 14/09/11 08-59-14

1 ; H ;
Mean = 0.012 / RMS = 0.028 / RMS-dp = 0.028 /Dp = 0.0089
;‘ 0 “ .
g b T -
= 051 .
: ATLAS] DUMP-E1 LHCh]
- T T T T T
0 100 200 300 400 500
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 08:59:14:020 - 14/09/11 08-59-14 o &
1 7 T H
Mean = -6.001 / RMS = ©0.01% / Dp = 0.0089 ; ; ; ; ; :
£
s [l BN s Y s ; R i - _
g L = e : u | |
” 057
’ ATLAS] - CLEAN RF-B1 DUMP-B1 B-CLEAN LHCh
- T T T T T
a 100 200 jelli] 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
10:00t = 8 hours. 2105

Nice day, temperature is rising.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 09:59:14:133 - 14/09/11 09-59-14

1 ; H ;
Mean = -0.008 / RMS = 0.040 / RMS-dp = 0.040 / Dp = -0.0066
£
@ 07 H -H
£ :
T 05 E E i
1 | 1 I DUMP-EB1
- T T T T T
0 100 200 300 400 500
Monitor H
CO - P 3501.240 Geic - Fill # 2105 STABLE - 14/09/11 09:59:14:133 - 14/09/11 09-59-14 o &
1 7 T 7 :
Mean = -0.008 / RMS = 0.02% / Dp = -0.0066 ; :
> o Il , M . [ —_ ; ]
£ L Ll el I ; ] s e [
” 057 ’
1 ATLAS - CLEAN RF-B1 C M) DUMP-EB1 BE-CLEAN
- T T T T T
a 100 200 jelli] 400 a00

Monitor V¥




Beam 1 orbit in stable beams f
11:00t = 9 hours. 2105

It is going to be hot.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
R\\'iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.000 GeMic - Fill # 2105 STABLE - 14/09/11 10:59:14:253 - 14/09/11 10-59-14

1

Mean = -G.047 / KMS = 0.072 / RMS-dp = 0.072 / Dp = -0.0333
£
w0 u I
g ] ;
T 051 E E
| 1 il
'1 T T T T T
0 100 200 300 400 500
Monitor H
CO - P 3501.000 GeVic - Fill # 2105 STABLE - 14/09/11 10:59:14:253 - 14/09/11 10-59-14 o &
1 7 T 7 H
Mean = -0.022 / RMS = 0.050 / Dp = -0.0333 : §
E 0.57 : I |
> o ] ; ] L]
o II ! H.d ﬂ
a ; : ; :
® 057 s s s s s s s
: aTLAS M-CLEAN] RF-B1 DUMP-B1 B-CLEAN
- T T T T T
a 100 200 300 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
12:00t = 10 hours. 2105

High noon.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
@?iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.000 GeMic - Fill # 2105 STABLE - 14/09/11 11:59:14:333 - 14/09/11 11-59-14

1 ; " ;
Mean = -0.089 / RMS = 0.103 / RMS-dp = 0.104 / Dp = -0.0618
T 0.587 H
E
g 07
=8
T 051 ;
3 DUMP-EB1
'1 T T T T T
0 100 200 300 400 500
Monitor H

CO - P 3501.000 Geic - Fill # 2105 STABLE - 14/09/11 11:59:14:333 - 14/09/11 11-59-14 o &

1 ; ;

Mean = -0.036 / RMS = 0.073 / Dp = -0.0618

T 0.57 H
E
g 07
=}
® 057 s s s s s s s

’ ATLAS] - CLEAN RF-B1 DUMP-B1 B-CLEAN

- T T T T T

a 100 200 jelli] 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
13:00t = 11 hours. 2105

Time for a fresh beer.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
@?iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.000 GeMic - Fill # 2105 STABLE - 14/09/11 12:59:14:460 - 14/09/11 12-59-14

1 ; H ;
Mean = -0.098 / RMS = 0.11Z / RMS-dp = 0.109 / Dp = -0.0729
T 0.587 H
E
g 07
=8
T 051 ;
DUMP-EB1
'1 T T T
0 200 300 400 500
Monitor H

CO - P 3501.000 GeVWic - Fill # 2105 STABLE - 14/09/11 12:59:14:460 - 14/09/11 12-59-14 o &

1 7 T ;

Mean = -6.038 / BMS = 0.07% / Dp = -0.0729 ;

T 067 i
E s
g !
=}
® 057 s s s s s s s

; ATLAS] I-CLEAM RF-B1 DUMP-B1 B-CLEAN

- T T T T T

a 100 200 jelli] 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
14:00t = 12 hours. 2105

LMC.

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
@?iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 13:59:14:573 - 14/09/11 13-59-14

1 ; H ;
Mean = -0.096 / RMS = 0.10% / RMS-dp = 0.102 / Dp = -0.0735
T 0.587 H
E
g 07
=8
T 05
'1 T T T T
0 200 300 400 500
Monitor H
CO - P 3501.240 Geic - Fill # 2105 STABLE - 14/09/11 13:59:14:573 - 14/09/11 13-59-14 o &
1 ; ;
Mean = -0.032 / RMS = 0.076 / Dp = -0.0735
T 0.57 H
E
g 9
=}
® 057 s s s s s s s
’ ATLAS] - CLEAN RF-B1 DUMP-B1 B-CLEAN
- T T T T T
a 100 200 jelli] 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
2105

15:00t = 13 hours.
LMC...

“J¥ &3P DV LHCRING / Beam 1/ RAMP_FAST 2011 IONS V1@0_[START]
@?iewsJ Bl 288 | |3 T B more | o5&

CO - P 3501.240 GeMic - Fill # 2105 STABLE - 14/09/11 14:59:14:695 - 14/09/11 14-59-14

1 ; H ;
Mean = -0.098 / RMS = 0.120 / RMS-dp = 0.115 / Dp = -0.0748

E 0.5
£
g 07
o
T 05 : :
| DUMP-B1
- T T T T T
0 100 200 300 400 a00
Monitor H
CO - P 3501.240 GeVic - Fill # 2105 STABLE - 14/09/11 14:59:14:695 - 14/09/11 14-59-14 I:IK i
1 H :
Mean = -6.033 / RMS = 0.082 / Dp = -0.0748
E 0.5 :
E
g2 07
=%
® 057 s s s s s
1 aTLAS 1-CLEAN RF-B1 DUMP-B1 B-CLEAN,
- T T T T T
0 100 200 300 400 a00

Monitor V¥




Beam 1 orbit in stable beams fill
2105

16:00t = 14 hours.
LMC...
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Beam 1 orbit in stable beams fill
16:00t = 14 hours. 2105

Can we have more of those ?
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WISH LIST/ISSUES FOR 2012



BPMs

Pretty good overall, excellent performance of arc BPMs, ability to
reproduce orbit shown in the fact that collimator set-up remains valid
throughout the year (validated via loss maps)

* |nsertion BPM calibration — point 5 in particular —
guestionable readings & stability (temperature)

— Orbit in fact stable but worry about reaction of OFB
— Important for the beta* reach.
— See below...

e Disabled BPMs (~20) — not bad — have redundancy

— Management of disabled BPMs could be better (persist &
reload)
 Automated quality checks with bumps —to be
deployed — pick out the bad ones



BPMs

* Multi-turn mode very useful of course:

— Would like full capacity (100,000 =
n_turns*n_bunches) for bunch-by-bunch and
turn-by-turn buffers of LHC BPMs

* BPMDs

— No redundancy

— Better diagnostics would be nice



Orbit stability

* Orbit fluctuations make up largest part of
margin TCT-aperture

* Considering relative change between BPMs
close to TCT and aperture bottleneck wrt
reference orbit from collimation setup

* End result important part of calculation of
possible beta*®

Roderik Bruce



Example: fill 2158, IR1 B1 hor.

Orbit
a

Ref bits from TCT set
BPMS.2L1.B1 (upstreamtriplet) ererence orpits irom setup

0.5

t(min)

_05"

o ' BPMS.2R1.B1 (downstream triglet) Measured orbits during stable beams

—1.5 - SPMWB.4L1B1 (close . Chan.ge IN margm. bgtween.TCT
-20F and triplets stay within fractions
. of a sigma

change 1n

. 1 * Overall very good performance
margin (o) :

N in IR1
0.1 |
: t (min)

~0.1F
~02°F

Roderik Bruce



o Fill 2165, hor
&
4
] O —
5L 50 100 150 200 250 300 350
—4

10 Fill 2168 hor
_EBHg.ZLS.Bl zupstream tr|p|et;

5t

- BPMS.2R5.B1 ‘downstream triEIet!

50 100 150 200 250

=3 'BPMWAB.4L5.B1 (close toTCT)

24-11-11

IRS5, B1

(10}

LHC beam instrumentation

Fill 2165, ver

15 |

Fill 2168 ver
__

t(

Roderik Bruce



BPMS.2L5.B1

e BPMS.2L5.B1 jumps by >10mm between fills.
Off in hor when seems OK in ver and vice
versa

* Even when excluding the fills with unphysical
drifts at this BPM, a 1.7 sigma margin is
needed in IR5. Larger than presently assumed.

e Should we exclude this BPM from all analysis?

Roderik Bruce



Orbit
o Fill 2110
$
4  BPMS.2R5.B1 (downstream triplet)

—

—4f

— 6 LBPMWB.4Ls B1 (close toTCT)

_ 50 100150 200250300350

F

change 1n l
margin ( o)

Change
from ref
t(min)

IR5, B1 hor

Also BPMS.2R5.B1
gives large offsets

Example: stable
orbit with ~1.7
sigma reduction in

margin throughout
fill.

Are the drifts real?

— Ongoing work:
correlation between
planes and beams
to identify
unphysical drifts

Roderik Bruce



BLMs

General consensus is “marvellous”.
Remarkably good performance for such a huge system.

Machine protection role performed impeccably
Threshold management - fine

Application software — very good indeed
Possibilities:

— Gated BLM signal and "study" buffers to distinguish losses from
individual trains (if not bunches) and from the abort gap.

— Lifetime from calibrated losses
Operational diamond monitors — beautiful potential

— Reduced diamond buffer for injection around injection trigger
(to be picked up online - 1QC)

— diamond detectors at the TCP locations

“The Diamond Monitors gave an unprecedented insight into the time structure of the beam losses
resolving the LHC RF frequency of 400MHz as well as the nominal bunch separation of 25ns”



BLMs & Collimation

* Full collimation setup
— BLM system used both for setting-up and qualifying

— Beam cleaning efficiencies > 99.98% ~ as designed
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Observing Fast Losses

e 7% July 2010 — BLMSs request beam dump as result of fast (ms) beam loss
— Since then 35 beam dumps requested due to similar losses
— Believed to be caused by “Unidentified Falling Objects” or UFOs
— Subsequent study showed more than 5000 candidates- most well below threshold
— UFOrateduring physicsfills is now~5 per hour
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BBQ/feedback

Wonderful job - mandatory for ramp & squeeze - but...!

* Challenging: had to deal with a huge range of
Intensities

— “Tune measurements with large intensities: we should be
finally able to measure the tunes and the chromas with
more than a pilot!”

e Saturation (?) with 1380 x 1.4e11
— Peaks disappear into the noise floor

* Peak jumping
— And tripping the QT circuits

 Uncomfortable coexistence with transverse feedback
— Don’t use ADT on first 12b or equivalent?
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Lost significant S/N ratio for B2V during the last ramp (see spectra).
Chirping (at 1% level) helped to recover the signal.
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The peak finding challenge
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Tune Feedback & Active Damping

 BBQ noise-floor raised by 30 dB
— wide tune peak - reduces tune resolution from 104 > ~10-2
— Impacts reliable tune (and coupling) measurement & feedback
— Incompatible with chromaticity measurements using small Ap/p-modulation

* Only solution found so far is to run damper with lower gain
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QFB miscellaneous

Setting for different intensities/ peak finding
strategies etc in LSA?

— Need to be able to see what the feedback is
actually using.

Change reference still clunky

— should be able load Q(t) as we do everything else.
“Using about 1% of application functionality”
Tune diagram fixed display would be nice



Feedbacks: status, op. dependencies and outlook, Ralph.Steinhagen@CERN.ch, Evian, 2010-12-08

Y Brief Summary on Feedback and Q/Q" Issues

» Genuine OFC software bugs and deficiencies/errors in FB logic R3/Ph Steinhagen

— shaken-out and fixed (by July) and running stably ever-since
#] False-positive Quench-Protection-System trigger on real-time trims ]

= Several back-and-forth iterations until R. Denz suggested to increase the dead-
time for the U__ evaluation from 20 to 190 ms — now OK

— After RQT[D/F] experience we never dared to use sextupoles and MCBX
— circuits may become critical for orbit stability with small 3*

=] Unannounced kernel updates and IT's denial-of-service attacks during beam
operation — Caused some real beam dumps and down-time!

— Necessary but should be coordinated and done during e.g. technial stops!

#» Most remaining issues related to instrumentation quality and FB integration:
— Tune-FFT: Locking on interferences — filter chain rejecting non-tune lines

— Transverse damper/abort-gap-cleaning interference — not resolved!
Operational 1allures — Improving integration & automation in sequencer

s Most 'teething' problems sorted and should be OK for 2011 operation, but...

Disclaimer: while designed to have a optimal performance, availability and reliability in mind, the OFC may require further modifications, improvements of its operation, fault-tolerance or
other adjustments in response to the changing or new operational requirements. Any resemblance to real persons, living or dead is purely coincidental. Some assembly required. Batteries
not included. Use only as directed. No other warranty expressed or implied. Do not use while operating a maotor vehicle or heavy equipment. This is not an offer to sell securities. May be too
intense for some viewers. If condition persists, consult your Bl expert. No user-serviceable parts inside. Subject to change without notice. Times approximate. Please remain seated until the
feedback has come to a complete stop. Breaking silence or not replying within 2 minutes constitutes acceptance of agreement. Contains a substantial amount of non-tobacco ingredients.
For LHC use only. Not affiliated with the American Red Cross. Keep cool; process promptly. List was current at time of presentation. Not responsible for direct, indirect, incidental o
consequential damages resulting from any defect, error or failure to perform. No penalty for private use. Sign here without admitting guilt. Contestants have been briefed on some question
before the show. No purchase necessary. Use only in a well-ventilated area. Keep away from fire or flames. Do not write below this line.



Wire scanners 1/2

Heavily used and the only trusted source of an
“absolute” emittance measurement

e Application (not Bl!)
— Log the emittances!!!
— Use measured optics please

— “the wire scanners have really a painful interface: it never works, you
have to set values by hand, no guidelines, no really working defaults.”

— “instructions for settings like attenuation, voltage etc. to use
depending on measurement to make, or automatic selection of
appropriate settings? One button: measure all? Easier selection of
bunches?”

— Persist settings and re-load
— Default pre-selection

— Display of results: make it easier to compare the different bunches
measured (all in one list or graph)?

— Add a button to copy results to logbook (including list for bunches)?



Wire scanner2/2

* |s the measurement performance (systematic
variations depending on filter and voltage
settings, beam positions etc.) and total error of

measurement ok?
— see CERN-ATS-Note-2011-049 MD for tested
performance
* Timing event driven acquisition up the ramp

— Wire scans automated through sequencer tasks and
timing tables and/or other tools?

— OP (Verena) would help for tools in case.



BSRT

“Precious information”

Expert application! There are still too many specialist
applications which are not accessible from the CCM menu:
the BSRT, for example, although | really appreciate the
incredible step up made by Federico.

Absolute calibration required!

Long time to scan through bunches - performance of bunch
to bunch emittance measurements (gating on few bunches
to speed up the measurement ...).
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BSRA

* Abort gap population becomes critical
* Reliability and calibration important

— Calibration and definition of appropriate
thresholds.

* Now wired up the announcer
— Strategy to be defined.



* Need to commission BGI for protons.

 Need absolute (or relative) emittance
measurements for physics beam intensities
including during the ramp and optics squeeze
to diagnose emittance increases

* Transfer from expert device to operational
device?



Beam from the injector chain

* Need to able to track performance through
PSB, PS, SPS and to the LHC

— Intensity
— Emittances
— Longitudinal characteristics

ONLY FILLS AFTER TRANSVERSE BLOW-UP SUPPRESSION IN SPS (1986 TO 2160)
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DBCT & FBCT

e Calibration
— lots of work done

— difference between F and D — which one do we
trust?

e Beam lifetime calibration of the FBCT data
could be improved.

* QOccasional front-end lock-ups



LDM

Cool stuff and very useful (“GOLD” according to
LPC)

Expert application

Could really do with a fixed display with zoom
features

Enhance satellites from PS incoming — important
next year to monitor this carefully

Bunch one
Peak=129.000




Schottky

* Impressive MD tool but not exploited by OP

e Getting the Schottky operational for tune

measurements?
0.325 o . e 0
o e 1785
0.320 s '. ° e 894
0.315} °
o % Tune @~ 0.31
@ © o
0.310 . W ,
0] d’.‘a
0.305 ’ - Turnoving.
around 0.305

0.05
Figure 7: Schottky Tune measurement for pilot bunch
(blue), nominal bunch with 1 collision (red) and nominal
bunch with 2 collisions (green).

“only instruments in the LHC capable of
measuring bunch by bunch tunes, and are
extensively used for this purpose during
machine development periods.”



Bunch by bunch?

Thibaut’s list from Evian

Beam Position Monitors

— Injection oscillations

— Multi-turn acquisition for beating etc.
Head-Tail monitors

— Instability studies

Longitudinal measurements: WCM, LDM
Transverse beam size measurements:
— Wire Scanners

— Synchrotron Light

Schottky monitors

Luminosity monitors

)
Fast BLM’s Pretty good shape



Miscellaneous

RELEASE MANAGEMENT!
— FBCT, OFB
PARAMETER CONTROL!

— OFB gain, for example

Some applications are then not limited to a
unique user, with the consequence that they
can be accessed from several consoles, with
conflicts possibly generated

Remember DIP!



Conclusions

| often say that when you can measure what you are speaking about, and express it in numbers,
you know something about it; but when you cannot measure it, when you cannot express it in
numbers, your knowledge is of a meagre and unsatisfactory kind; Kelvin

* Great performance overall

— instrumentation has allowed a profound
understanding of the machine and paved the way for
the impressive performance increase

* Key operational issues
— IR BPMs
— QFB with high intensities & TFB
— Emittance growth
— Machine protection!
— Expert versus operational...



