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Turnaround time in modern hadron colliders &
store-length optimization

B Luminosity lifetime: summary of different contributions

B Integrated Luminosity Optimization: turnaround time and run length

B Minimum turnaround time for the LHC

B Impact on operation failures on integrated luminosity:
effective operation and turnaround time

B Experience from existing superconducting machines: Tevatron
HERA
RHIC
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Luminosity Lifetime
dN

B Nuclear reactions at the | P E:—k,P-anuc- L(t)
dN N . N
-> _:_kIP°O-nuc°h;°Nz(t)jN(t): 2 with 7= 0
dt N; 1+t/7 0. Kp- L

Gy = 1022 cm?

B Nomina LHC parameters:

L, =10*cm?sec’; N, = 2808 1.15.10"

B Ultimate LHC parameters.

L,=23-10"cm?*sec’;N,=28081.7-10" 7. =288h
B Phasell Lumi upgrade 25ns option:

L, =155-10"cnT?sec™; N, = 2808 1.7-10”@
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Luminosity Lifetime

B Luminosity lifetime; N(t) = No L(t) = Ly
1+t/7 (1+t/7)°
B Exponential approximation:
| uu+mlt.9}*;=2 '
—t/7 i cxp(-kfdd 30560 ——
Lt)=N, e t/ Texp 0.9 . p
DE | Y 1
07t
W .
0s | E“"--mm .
04 | T
03 ' : : :
0 5 L0 L5 20 %t
I LHC parameters:
nomina: =z, =25 utimae =7, =16h Phasell: =7, =25h
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Luminosity Lifetime
B additional sources for luminosity decay: (without noise & rad damping)

-restgas collisions T4 =100

-IBS 7jgs =800

-emittance growth due to beam-beam (difficult to predict = HERA)
-particle losses due to beam-beam (difficult to predict = Tevatron: 16%)

1 1 1 2 1 2
> — =t —F———+

2-L,tot Texp Tl BS Tgas Z-emit,bb 2-N,bb

B nomina LHC parameters: =T tot_nom = 19N

(LHC with

IBS &
B ultimate LHC parameters. rest-gas
only)

B LHC Phasell upgrade parameters.

T\ tot—Phasell = 2.
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Integrated LLuminosity

B Integrated luminosity over one run:

L = } L(t)dlt

> =Ly TLior” b-_ g J

B M operation daysper year: L= T —I\:IT 24 T Ly Ty [1_ e—T/qm]
run turnaroun
. . Tdwm 1 6 10 20
B Optimum run time: - . ; : :
10 4 9 11.5 15
15 5 12 15 20
19 5.5 13 16.5 22
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Integrated LLuminosity

B Integrated luminosity over oneyear: 0.3

example: T,,; = 10h
T = 10h

turnaround —

=> broad peak
=>» not very sensitive to slight
variations in the run time

B Optimum run time:

0.03

0D.025

0.02 r

0015 ¢

0oL

0.005 ¢

(L-exp(-x/10)}(x+10.0)

L0

M 1 6 10 20
2.5 2 4 5 6
10 4 9 11.5 | 15
15 5 12 15 20
19 5.5 13 | 165 | 22

20
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Integrated LLuminosity

B Integrated luminosity versus turnaround time:

L=f(T,7)-M-(24-607)- L,

TL ,tot[ h] . [1_ e—T/ L tot ]
[N+ Ternaround N

f(T,7)=
-

run

with:

=>» f(T,7) for different scenarios:

mde] 1|6 | 10 | 20 | > variationby 130% for v =2.5h

2.5 (0.46 0.20)| 0.14 | 0.09 and T, 1h =» 6h! (Phasell)
10 ﬁ)§ 039\ | 032N o022 | =2 variation of only 70% for T = 10h
9 for T, 1h = 6h (ultimate)

15 0.70 0.46 0.38 0.28

19 0.73 522 | o031 | 2 variation of only 20% for T = 15h

for T, 6h =» 10h (nominal)

turn
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Integrated LLuminosity: Failure Scanarios

B Faults creating along interruption of the operation (t>>T, )

=>» this essentially reduces the scheduled operation time M and
can be accounted for by an overall accelerator efficiency R:

L=R-M-(24-60%)-L,- f(T,7)

B Faults creating a short interruption of the operation (t<T, )

=» this results elither in non-optimal run length (too early termination)
or long effective turn-around times if the faults occur during the
preparation of anew fill

.
] . : f ,T _ L tot ) 1_ e—T/ T tot
= this affects the function (T,7) T H+T. I [ ]
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Experience from other Machines: RHIC

B RHIC design: (S. Peggsin RHIC AP 115)

minimum theoretical design report Turnaround time =» 5min (0.4h oper)

nominal beam intensity (protons) =» 60 bunches; 10" ppb
nominal beam intensity gold =» 60 bunches; 10° ipb
nominal initial luminosity (protons) =1.5 103 cm? sect (p)
nominal initial luminosity (gold) = 8 10%° cmr? sect
theoretical beam lifetime (2 exp.) =>» 1> 100h

theoretical beam lifetime (2 exp.) = 1>49h

Luminosity lifetime (dominated by 1BS) = T, Ca 2h

B commissioning assumptions: T=10nh& T << 1h

turn-around
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Experience from other Machines: RHIC

B operational experience: (curtsey of W. Fischer BNL)

RHIC time in store of calendar year
60% -

S0% -
40%
30% -+
20%

10% -

0%

Run-2 Run-2 Run-3 Run-3 Run-4 Run-5 Run-5 Run-6 Run-7
Au-Au PP d-Au pP-p Au-Au Cu-Cu pP-p pP-p Au-Au
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Experience from other Machines: RHIC®
18-
16- average Tturn-around:
Turn around time ca. 1.9h for 5h cut
14-
12-
a H no cut avg
101
B no cut rms
d B min
67 [ 5h cut avg
47 B 5h cut rms
2_,
0 mi n Tturn-around:
Run2 Run3  Run4  Run6 ca 1hfor 2 & 3 run
Au d-Au Au pp ca. 0.4hfor last 4 years

@(curtsey of W. Fischer BNL)
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Experience from other Machines: RHIC
B operational experience: (curtsey of W. Fischer BNL)

-RHIC had amin T, = 12 * theoretical limit in first 4 years operation
-RHIC managesamin T, = 5* theoretical limit after 4 years operation
-RHIC hasaverage T, = 23 * theoretical limit after 4 years operation

= 5* operational minimum
Among other things, the long turn around times are mainly caused by
aborted ramps due to beam loss monitor readings during optics squeeze
(bad orbit, tune or enlarged beam sizes after instabilities) & equipment
failure and due to injection tuning = we can expect this also for the LHC!

B operation application: the average turn around time is used for
cal culating the optimum store length.
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Experience from other Machines: Tevatron

B Tevatron design: (Plans for Runll; 20019)

minimum theoretical design report Turnaround time =» 1 h

nominal proton beam intensity =» 36 bunches; 27 10'° ppb
nominal b-par beam intensity =» 36 bunches; 3.1 10'° ppb
nominal initial luminosity = 86 10 cm~ sect
theoretical beam lifetime => 1> 13h

Store length 2> T1T,,=-12h

@(http://www-bd.fnal .gov/doereview02/Runl BT DR.pdf)
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Experience from other Machines: Tevatron

B Tevatron operation®@:

minimum operational Turnaround time% =» 2.5 h

average proton beam intensity =» 36 bunches; 24 10'° ppb
nominal b-par beam intensity =» 36 bunches; 3.9 10° ppb
average initial luminosity (2007) = 163 10 cmr? sect
average store length (2007) 2>T1T,,=21h

average set-up time (2007) = t=24h

@(http://www-bd.fnal.gov/pplot/index.html)

&(Cons Gattuso)
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Experience from other Machines: Tevatron

B Tevatron operation first 6 years of Runl|&:  “(Cons Gattuso)
1292 stores in total

032 stores were terminated intentionally; average store length: 22.4h
360 stores ended due to failures; average store length: 10.23h

Top 10 causes: -Cryogenics 49 = 13%

-lightening 40 =» 11%

-guench protection 33=> 9%

-controls 292> 8%

one can expect most of -;elgarators ;5 :)) ;?;)

themalso for the LHC ~ ~ 0 0

: -low 3 quadrupoles 24 = 1%
operation!

-corrector magnets 20 = 5.5%

-human error 20 = 5.5%

-PC 20 = 5.5%
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Experience from other Machines: Tevatron

B operationa experience: (http://www-bd.fnal.gov/pplot/index.html)

FY Average Store Hours per week 109.94
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B FY &verage Store Hours per week = 10% Average Store Hours per weelk
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Experience from other Machines: Tevatron

120-

Timein physics

O percentage in
physics
B hours /week

2004 2005 2006 2007

@(http://www-bd.fnal.gov/ppl ot/index.html)
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Experience from other Machines: Tevatron
Time between shots

&(Cons Gattuso)
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@(http://www-bd.fnal.gov/ppl ot/index.html)
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Experience from other Machines: Tevatron

B averageturn-around time: (V. Shlltsec)

without cut

Tevatron Turnaround Time [hrs]
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Experience from other Machines: Tevatron

B average turn-around time: (V. Shiltsec)
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Experience from other Machines: Tevatron

B Tevatron operation@:  ©(V. Shiltsev)

minimum operational Turnaround time=>» 2.5h
=> 2.5* minimum after 6y Runl|

average operational Turnaroundtime = 8h
= 8* minimum after 6y Runl|

average store length (2007) 2> T1T,,=21h

average set-up time (2007) =2 t=24h
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Experience from other Machines: H.

I HERA design:
minimum theoretical Turnaround time =» 1.5h

(35min filling plus 2* 30min ramp up and down)

HERA I:

nominal beam intensity (protons) =» 180 bunches; 7.3 101° ppb
nominal beam intensity (electrons) =» 180 bunches; 3.7 101° ppb
nominal initial luminosity (protons) =1.78 103 cm? sect

theoretical proton beam lifetime (2 exp.) => 1> 1025h
HERA 11
nominal beam intensity (protons) =» 180 bunches; 10.3 10%° ppb

nominal beam intensity (electrons) =» 180 bunches; 4.3 101° ppb
nominal initial luminosity (protons) =>7.57 103 cm? sect

theoretical proton beam lifetime (2 exp.) => 1> 340h
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Experience from other Machines: HERA

B HERA operation week 46 2006: (B. Holzer)

F— TT
\ \
N N
_ 7
exclusively unscheduled p beam |osses regular operation

unexplained proton beam losses
beam shower in collimation section
fast losses: ms
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Experience from other Machines: HERA
B HERA operation week 50; 2006: (B. Holzer)

A =
I |
1
i
1 2 ' 3 4 h b 7
Dec 11 p0:00:00 2006 Time
technical problems: regular operation
yogenics
power failur

Quench at injection
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Experience from other Machines: HERA
B operational experience 2000: (curtsey of B. Holzer DESY)

HERA 2000 Efficiency

80%

70%

60%

50%

40%

Efficiency

30%

20%

10%

0%
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Experience from other Machines: HERA
B operational experience 2006: (curtsey of B. Holzer DESY)

Failures in days
MPS
eeeeeee
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Linac2
MKS4 Senderstrol m
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Water Water
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Experience from other Machines: HERA

I HERA 2006 operation statistics®: “(B. Holzer; DESY)
115 stores in total

230 faults; average store length: 7.4h; (min = 0.16h; max = 14.3h)
# of p-injections = 164; number of e-injections = 185

Top 10 causes: -operation 40 = 17%
(frequency) -e-RF 35 => 15%
-power supplies 29 = 13%

-beam loss 19=> 8%

one can expect most of -controls 183 8%
them also for the LHC -Injector complex 13=> 6%
operation! -proton RF 9= 4%
-SC cavities 7= 3%

-guench protection 7= 3%

-beam instrumentation 7= 3%
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Experience from other Machines: HERA

B operational experience 2006: (curtsey of B. Holzer DESY)

Operation type in percent

Studies

Experiment

Lumirun

Lumituning

e-Inj

p-Inj

Fault

Shutdown I

0.0%

10.0% 20.0% 30.0% 40.0% 50.0%

60.0%
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Experience from other Machines: HERA

B optimum operation cycle: (M. Bieler DESY; Arcidosso 2005)

- ’ﬂ
—— L]
0 10 15 20 25
Aug 09 00:00:00 2005 Time Hours
pre-Defined Configurations [dbl click] Selected Tra Cursor Position :
Logbuch: Logbuch [~ | Time : ‘Wed Aug 10 01:00:00.000 CDT 2005 UTC: 1123628400
HPMAGEM 39.73GeY Hera P Energy in Ge¥
HPDCCur 25 24 mA Hera P Curren t
g HEMAGEM 0.24GeY Hera E Energy in Ge¥Y
in HEDCCur -6.27E-03mA Hera E Curren i
Double Click to || Offset H1LumiD1 0.00nb-1 intgr HERA delivered lumi

SubSystem/Search
All Systems j

Select ltem

2.5 h turn around time and ca. 15h run time
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Experience from other Machines: HERA
B Optimum operation cycle: (M. Bieler DESY'; Arcidosso 2005)

-~ i r/ —=
i —/ /
1 — A S
e | ~ [
I5us 09 06:34:21 2085 ‘ N 3 3iors
\VI\Y}\VI\Y}\VI‘ \
Beam Setup p- 40 GeVto | 4 PETRA  Lumi
Dump Injection 920 GeV Cycles
HERA 3 PETRA Setupe- 12 GeVto
Magnet Cycles Injection 27.5 GeV
Cycle
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Experience from other Machines: H.

B recd life: (M. Bidler DESY'; Arcidosso 2005)

A 4

7
il rJ][ {I
I.T

i —

1
L=
-[_fi——

[

oo

LS
p Beam Loss e Beam Loss

on the Ramp
HERA on the Ramp

Magnet
Cycle

Electron

Magnet

Cycle

=» 5.5 hours from beam dump to luminosity
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Experience from other Machines: H.

B Operational experience 20059: (10 years after HERA operation)

HERA 2005:

2.6 faults
run
1.8 p injection attempts * 1.43 hours per p inj.

per luminosity run

o) r luminosity * 2.5 hours

A\ 2 | IATTIIN IV IL] 1 INJ Al p\.ll IAAIL G

er fault = 6.

[
N
o
>

1.6 e injection attempts * 0.83 hours pereinj. =1.3h

per luminosity run

10.2 h
from dump to lumi

=>» average turn around time = 6 * minimum turn

around time

@(M. Bidler; Arcidosso, September 2005)
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Summary

B operation efficiency: all analyzed colliders have ca. 50% efficiency
(time in physics/ allocated operation time)
=>» seems to be areasonable assumption for LHC operation

B minimum turnaround time: all analyzed colliders could not reach their
theoretical minimum turn around time
(injection tuning!)
RHIC: 12* ming,,; Tevatron: 2.5* miny,,» HERA: 1.5* min,.,

B average turnaround time: all analyzed colliders have a significantly
larger average turn around time even after
severa years of operation (failures)
RHIC: 23* minyg, (5* mMiny,); Tevatron: 8 * ming.,; HERA: 6 * miny,,
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Summary

B LHC: assuming a minimum turn around time of 1.2h for the LHC it
seems to be reasonabl e to assume:

T, =10h during first years (8 * theoretical minimum [like Tevatron])

turn
= 5h during operation with uitimate parameters
=> apply the same ratio as Tevatron -> HERA improvement
(average Tturnaround =8 Ttheo-min ->6* Ttheo-mi n)
However: HERA and Tevatron have the same size and similar
complexity while LHC is much larger than Tevatron
=>» can this improvement be extrapolated to the LHC?

Iturn

B LHC Phase Il luminosity upgrade isonly efficient If T, aroung < 2N
=> Y2 of potential L gainislost if T, .oung IS 6N INStead of 1.2h
=>» need consolidation efforts for minimizing fault rate!
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Phase 2 Beam Parameter Options®
B Summary of the nominal, ‘ultimate’ and Phase2 upgrade beam parameters

parameter nominal ultimate 25ns 50ns
Protons per bunch 1.15101 1.7 104 1.7 101 4.9 104
Total beam current 0.58A 0.86 A 0.86 A 1.22A
L ongitudinal bunch profile Gauss Gauss Gauss Flat
B* at the IPs 0.55m 0.5m 0.08m 0.25m
Full crossing angle at the IPs 285urad 315urad Ourad 381urad
Peak luminosity [cm? sec!] 1103 2.310% 15.5 103 10.7 10%
Peak events per crossing 19 44 294 403
Initial luminosity lifetime 25h 14h 2.2h 4.5h
Stored beam energy 370MJ 550MJ 550MJ 780MJ
Additional requirements - - L arge aperture Large aperture
triplet magnets triplet magnets
Efficient absorbers | Efficient absorbers/
/ radiation hard radiation hard
DO Wire compensators
Crab cavities

@_UMI’ 06 workshop proceedings
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