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LHC 2010 Success in Numbers
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What will LHC luminosity
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High Luminosity Hadron Colliders:
Side-by-Side Comparison

TEV LHC "
p-pbar p-p

T State-of-the-art SC magnets YSGO% }:gc?o ?
(Old) Sophisticated injector chain ygs yis ?f
Antiproton production/storage/cooling yes no #s»«

| Beam-beam effects limiting performance  yes ;‘ect’;[ ;K
Critical importance of collimation ~no  yes E’\‘\“
- Electron-cloud effects matter no yes

F Space-Charge effects at low energiesr_ yes yes ;E;

L e e e e e~ e 2 g ——— = e - TP




As of Jan’2011: >10 fb" total; about 2.4 fb-! /year; 60+ pb-! /week
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Run II Luminosity Progress

Improvement Luminosity
Increase
Pbar injection line AA = MI optics 12/2001 25%
Tevatron quenches on abort stopped by TEL-1 02/2002 0%, reliability
O Pbar loss at Tevatron squeeze step 13 fixed 04/2002 40%
New Tevatron injection helix 05/2002 15%
New AA lattice reduces IBS, emittances 07/2002 40%
Tevatron injection lines tuned up (BLT) 09/2002 10%
Pbar coalescing improved in MI 10/2002 5%
Tevatron CO Lambertson magnets removed 02/2003 15%
Tevatron sextupoles tuned/ SEMs taken out of pbar lines | 06/2003 10%
- New Tevatron helix on ramp, losses reduced 08/2003 2% i
Q Tevatron magnets reshimming & realignment 12/2003 10%
LBV dampers operations/ store length increased 02/2004 30%
2.5MHz AA - MI transfer improved/Cool shots 04/2004 8%
> [ Reduction of p* to 35 cm 05/2004 20%
, | Antiprotons shots from both RR and AA 07/2004 8%
% | RR e-cooling operational 01-07/2005 | ~25%
Slip Stacking in MI 03/2005 ~20%
= o ; Tevatron octupoles optimized at 150 GeV 04/2005 ~5%
A\ | Reduction of of p* to 28 cm 09/2005 ~10 %
- :E “Pbar production task force” 02/2006 ~10 % ‘
S Tevatron 150 GeV heliximproved, more protons 06/2006 ~10 % i
Tev collision helix improved, better lifetime 07/2006 ~15 % '
New RR WP, smaller pbar emittances 07/2006 ~25 % i
Fast transfers AA2>RR (60— 15min) 12/2006 ~15% !
New Pbar target/higher gradient 01/2007 ~10%
Tevatron sextupoles for new WP (2007?7) ~10(?)% ';
Tevatron zero 2™ order chromaticity 2008 ~5%"? !
Shot-setup time reduction/multi-bunch proton injection | 2008-09 ~5%7? |
Scraping protons in MI 2008 ~10%? f
e - Pbar size dilution at collisions/B0 aperture increased 2008 5%? .
T Fer Ilab Booster proton emittances reduced /P,Allines tuneup Apr 2010 10%? L




Tevatron Exponentlal Progress

..that makes an average ~12.5% increase per step
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Tevatron Run II “Complexity”
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“CPT Theorem for Accelerators”




 Luminosity History - CESR
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SLC Luminosity: design 6e30
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Luminosity LEP:design 16/27e30
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Lum1n031ty Tevatron Run I
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Colliders “Complex1ty” ‘Table

C years |
CESR e+e- 4.3 1883-1988
=LEP | ete- 3.3 1989-1995
SLC  e+e- 1.5 1989-1997 {/
HERAI Il p-e 2.9 1992-00-2005 ‘
ISR  p-p 3.0 1972-1982
SppS p-pbar 2.0 1982-1990
| Tevatron Run Il p-pbar 2.0 2002-2007
RHIC p-p 2.2 2000-2004
Tevatron startup 0.03 1987

L LHC startup 0.06 2010
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Conclusions (1)

One should not expect that the period of incredibly
fadt rowth of luminosity as in 2010 will last long :;f-g,-,f*l

.“liﬂ e o tth¢ progress will most probably turn~

Mot rat r sponding to Cort)'pfe)gmgf\ 71.5-2.F
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Expectation Management

Another lesson from the Tevatron Run Il : the road to superb

;
ey Run Il we were way below the 2001 plan Y
A A

Value SO A,

& l Expected Value

Percaved
Value




Run II Luminosity Pr

ogress

500

}

Fiee, LN

The gap was due to

(0.7 Incomplete understanding

i of several beam physics
Issues and a number

b Mt

ek
-]
L) l

technical difficulties

Tevatron Peak Luminosity , 10" cm™s

5-0. I ' 1 ' ] ' 1 ' I ' I ' 1 L

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

gy Ao Cpgs

gy

o v |



2003 : New Methodolgy of
Setting Up the Goals

The goals were expressed in terms of "base” goals thatwe |/,
ve high degree of certainty of being achieved and "‘u‘i‘:;‘f‘!

A L

' goals ay,r?present our “best estimate’ of the Iimifgfi_

ormarce t§ whith. the f’b(“f‘ility can be zpfuéhed-; ANy
with the most likely outcome somewhere in between

Run IIB Review Review
handbook (fb'l} Base goal (fb'l} Stretch goal (fb'l)
0.32 0.08% 0.08
0.83 0.20 0.32
1.30 0.40 0.60

1.80 1.00 1.50
3.40 1.50 2.50
3.90 1.50 3.00
3.90 1.80 3.00

*Already achieved. ...later, the word “stretched” - “design”



How did it look in 2006
2= Run IT Goals: FY06-09

10 -
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(Base)
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How does it look now (FY201 1)

Integrated Luminosity (1/pb) R
2,750 dee\g
2,500 - QS) /
2,250 -
2,000
1,750 -

a4

1,500 -

a4

1,250 -
1,000 -

a4

750

Integrated Luminosity (1/ph)

500 -
250 -

i -
u | = e gl = B
0 25 50 75 10 12% 150  17% 200 225 250 275 300 325 350 375

Days since October 1

B FiscalYear 11 # Fiscal ¥Year 10 & Fiscal Year 02 + Fiscal Year O8 = Fiscal Year 07
¥ Fiscal Year 08 = Fiscal Year 0% = Fiscal Year 04 n Fiscal Year 02 « Fiscal Year 02

— Highest — Lowest

- vig

b F

Fiine, L

pre s TR T Ty

.

AT T




Conclusions (2)

= Expectations management is crucial

: m e case of the Tevatron, the LHC goals mayg
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