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Maotivation for-Luminosity Measurements- ;-

U Cross sections for Standard Model and beyond the
Standard Model processes and for New Physics.

U Monitor the performance of the accelerator and
Implement adjustments as needed

U Provide with bunch by bunch luminosity
measurements useful diagnosticsr the accelerator as
well as for the modeling of underlying event

backgrounds.
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the 25th Anniversary of thHetatstollisior

% »

July 1979

July 1982

July 4, 1983

1984
Oct 17, 1985
1988-1989

April 1992

Celebrating

December 17, 2010

Tevatron Ring authorized. US-Japan Accord signed. Italians & Japan
join CDF.

CDF and Pbar source authorized

First beam in Tevatron

DO Approved by DOE
First collisions at Fermilab
First real physics run for CDF

DO first run



Tevatron Performance

U First Collisions in October, 1985 ; Run-1, 1987 ; Run 0, 1988-89
i Tevatron (Run11992-9 6 ,L dU=110 pb?):

6 p- « pbarat@ =1.8TeV, 3.5n8between collisions, 6 x 6 bunches
i Tevatron (Runl112002 -Pr e s e hdt =~ 10fb-1):

6 p- « pbarat@ =1.96TeV, 396 ns between collisions, 36 x 36 bunches

12.2pb! delivered per experiment

Best4.02x 10%2cm?s? in one storeApril 17, 2010

April 16, 2010
Peak Luminosity (1/microbarn/sec) Max: 402.4 Most Recent:
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Yearly integrated luminosity as a function of fiscal year

Integrated Luminosity (1/pb)
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Changes that improved peak/integrated luminosity -

U 2005:Completion of the Tevatron BPM electronics
upgrade. Helped lattice measurements, helped identifying
rolled quads, allowed instore orbit stabilization and
better store-to-store monitoring of orbits resulting In

better store-to-store reproducibility and reliability.

U September 2005Implementing a 28 cmb* lattice and
making the electron coolingin the Recycler operational.

U 2005/2006Added 4 new and replaced 3 electrostatic
separators. That allowed ~20% improvement in the
luminosity lifetime due to improved separation especially
at the first parasitic crossings around the IPs.

V. Papadimitriou
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Changes that improved peak/integrated luminosity

U 20032006:Dipole reshimming over 3 long shutdowns to
address the coherent skewuadrupole component that was slowly
growing. This reduced the global coupling around the machine.

U 20052009:Gradual improvement of the pbar stacking rate.

U 2005:1.7 GHzSchottky + tune feedback. Keep p angbbar tunes
In desired range. Increase luminosity lifetime.

U 2007:2" order chromaticity compensation circuits allowing
higher proton intensity and improved lifetime.

U 20032010:Alignment in every shutdown.

U 20092010:Faster shot setups (both for Accumulator to
Recycler and for HEP.

V. Papadimitriou
01/14/11



12-Point Averaging
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Figure 3: Specific initial luminosity (L/N,/N,) vs. store
number. Green line marks the moment when the new optics
was put into operation.
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Figure 6: Historical data for the dependence of antiproton
mtensitv on the number of protons on the target.
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Collider-Beam: Luminesity,Measurement,;

n(topeventsy- s (pp-_tt) & G

Instantaneous Luminosity
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Collider-BeamnLuminosity-y

Instantaneous Luminosity : L
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Instrumentation used for luminosity

measurements
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proton per bunch at remowve halo

olon a

ind Antiproton Intensities =

Proton per bunch in 1E09 at Remove Halo

store 8172-B335 AVG: 276.7139

FBI: Fast bunch integrator of a Wall  Current Monitor

300.0 - . .
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T:BEAM : percent error at various intensities based on least square fits between expected and measured

intensities for a given calibration DC current
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—e— Fitting using data <140mA

—a— Fitting over entire calibratedrange




Emittances ¢

Transverse beam profiles

0 Flying wires: systematics includewire rotation speed
scintillator acceptancevs beam position influence from
previously scattered part.

U Synch. Light: systematics includeoptical
magnification, intensifier non-uniformity/degradation
Increasing with time, optical acceptance €

U lonization Profile Monitors: systematics include
resolution effects baseline subtraction microchannel
platenonuni f ormiti es and degr .

Longitudinal beam profiles measured with the SBD . papadimitriou

01/14/11



og [Mm]

07" E
0.6 E
0.5 E
0.4 E
0.3— «/ndf 2422/16 E
0. 2; intercept  0.4333 = 0.003808 _i
0_1__ slope  0.009016 +0.0003899 __
E"'”'""""‘Ilu|||‘|H||||‘E

IR R PR
2 4 6 8 10 12

OO

14 16 18

time [hours —o.014

Beam width growth rate for a bunch in a store

> B
Q L
S 0012
£ -
E L et T S, S
2 - °
T 0.008 i S S BRI S ————
E L
= 0 110 0] SN SO S S S
o -
(@) L
aum 0 004 j """ —a— Upstream """""""""""""""""""""""""""""""""""""""""""""""""""""""""""
0.002 o DOWNSIIBAM b s ot
B | | | | | | | | | | | | |
0 2 4 6 8 10

Fl

beam profiles) for - -
emittance  measurements

Diffusion rate for 10 stores

ying Wire - sigmas (from,




mittances

Pbar Horizontal FW Emittance vs Store Number
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Linear Optics from Closed Orblt (LOCO*)
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g *Summary Table

August 27, 2010

px prot | f, prot p
CDF| 30.7 30.8 30.7
DO| 27.7 32.7 30.2
D, prot | D, prot D
CDF 1.1 1.7 2.0
DO 1.4 -0.7 1.6

Uncertainties vary between 5% (ideal) to 15%
Depends on the goal of the measurement and coordination
with other machine studies

Lattice measurements by the machine done mainly with protons

V. Papadimitriou
01/14/11



Continue maximizing the
luminosity at both IPs

Fri @2-0CT-281@8 11:58:52

1.684

186
CopotLun Routinely perform
oo Afel ectrostatic sep
J— determine if the beams are well

.Inst2 Ez@ s '. centered.

C:EAILUM
.CIOF EZ@

DO luminosity increased by 1%
After the alpha -bump and adjustment
of the horizontal separation.
Change implemented in January 2011

18:58:13 11:13:13 11:28:13 11:43:13 11:58:13
Tl = Fr BE3-0CT-2818 18:38:i13 T2 = Fr AS-0CT-2A18 11:58:13

V. Papadimitriou
01/14/11



Luminosity Task Force (established in 2003) © -

U A joint effort between Accelerator, CDF and DO colleagues to
address luminosity detector issues, beam position and beam width
Issues, andlevatron issues.

U Monitor continuously (store by store basis) luminosity related
guantities for CDF/DO and their correlations with machine
parameters and external factors. €g Luminosity ratio).

U Exchange information on a daily/weekly basis in smaller groups
and meet once a month (or as needed) as a big group (~25 people)

U As aresult, several machine studies have been performed and
we have now a much better understanding of théevatron optics,
crossing angles and vacuum at the IPsmittanceof the proton
and pbar beams as well as of the luminosity detectors of both

V. Papadimitriou
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Ratio of COF and DO initial luminosity

Ratio of CDF and DO Initial Luminosity vs Store Number
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CDF/DO initial luminosity ratio vs store number
and initial luminosity
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Ratio of COF and DO initial luminosity
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CDF Beam parameter measurements

* Fit the beam width at CDF according to
the following model

® Opeam — sqrt(cj-zobs-;v-.K.-2<62prim. vtx.>)
= sqrt(s(B*+(z-z,))/B*))
where k=1.5

* We fit ..., VS. Z to extract g, f*, and z,

0.008

B* in x-direction

Bxlum]

Example fit for store 6704 ;-
p0 = emittance 0.006

p'] = B* 0.005

p2 = 2, 0.004
0.003

002
Fit in x-direction 0.001

EARTIN LM T
1 I 1 1 1 1 I 1 1 1 1 I 1
6500 6600 6700

0.000 i~ ——

M
o

0.008

0.007
0.006
0.005
0.004
0.003

0.001

0.0005— '

Fit in y-direction

=7 ndf
Prob
p0

P

pE

1.437e-07 — 1.039e-08

-40 -20

Tevairon Store

V. Papadimitriou
01/14/11



beam width (in y1) horizontal
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Checking the-.Luminosity with Forward Muon Yields-at DO

| Single Muon Yields from July 2006 to October 2010

4.6
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Stability within ~1% within Run 1lb
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Technigues: fopLuminosity ry
measurements: by, thenexperimentsn s

U
6 Measure the fraction of bunch crossings

6 Inclusive inelastic ppbar with no p-pbarinteractions

crosssection Use: F%)(/r) =e"” prob. of no int.

large acceptance at small angles ! 6 Direct counting # of ppbarinteractions
- - Counting particles
7CF =s. b | s

5 Counting time clusters
U

A M = avg. # of interactions/b.c.

A f = frequency of bunch ;
crossings W - leptonn

AS in = tot inelastic cross-section |
A L = inst. luminosity

(o)}

Useful for integratedum abs. normalization

/72 C"]:BC — S @d et CD_ : V. Papadimitriou
N a :

01/14/11



The total p - pbar cross:- section

Elastic Scattering Single Diffraction

Hard Core

\

nHar do Hard

ASofto Hard Core (no hard

AntiProton

Underlying Event nderlying Event

*=«<J Initial -State
Radiation

Proton AntiProton

ey
Tam
-------
Tagy
ay

Final-State
Radiation
Outgoing Parton L
V. Papadimitriou
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P- pbar cross:- sections

Process CDF meas. ES811
(mb) @ 1.8 TeV EXp.
80.03 71.71
S tot (2.24) (2.02)
19.70 15.79
S el
(0.85) (0.87)
Average the inelastic cross
S o 60.33 g4 ©5.92 sections measured by the CDF
(1.40) 2% «—(1.19) 2% and E811 experiments and
extrapolate at 1.96 TeV:
She 60.7 + 2.4 mb
S 9.46 8.1
sd (0.44) 17 e |
S dd




CDF Luminesity, measurment: forr Run IIL:
try,tormeasurer= mdireetlyy
(Used| setiviticting gognt@rﬁ»m RurPlun 1)

cMeasuring Anzeroso eliminates
mOSt Of the dependence on the —o— Fraction of zeros in Poisson Distributions
material model. 0.00001
¢ At very high luminosities one
may not be able to measure Pt
t hough rate (or”™%
accurately enough.
0.001

¢ Fraction is 0.25% for 6

Interactions on average. Run 2

v

Fraction of zeros

¢ Systematics on acceptance 0.01
only can make a precise
measurement very difficult. o1

'7/Run1
2 3 4 5 6 7 8 9 10 11

-m Avg. # of interactions
F)o =€ V. Papadimitriou
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Cherenkov Luminosity Counters (CLC): Design

A48 counters/side

A3 layers with 16
counters each

LE plug)

Acoverage: 3.7 || 4.7

Alsobutane pressure:
up to 2atm
h =1.000143
Qe = 3.1°

APMT: Hamamatsu
R5800Q CC with quartz
window, gain 10°

Parke 174k

B

M'E:w
r mylar
i yters

t“fl r pips Flomgm
baom

iigi

!EEEE i?.i

run-n
—=
il!
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Gas Cherenkov Counters

Calorimeter

Tracker

Plug
calorimeter

Amp alL

—

N
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~
S
~ S
-
-
-
-
-
-
-
L~
-
L

D

Beampipe

\\_ Int.eractlon
point

[ ]
A
\Cherenkov

cone

U Expected signal (simulation )

PMT

0 basic ideas

0 Measure the number of p-pbar
interactions directly by counting
<number> of primary particles

0 Separate primaries from secondaries
0 Good amplitude resolution (~18%
from photo stat, light collection, PMT
collection)

0 Good timing resolution (separate
collisions from losses)

o Radiation hard, low mass




