do/dt (mb/GeV )

1033-r-|-rr'r1'rr1"r'rrvrrrr|'rrrrrrrr§ gam—
= o) 3 2 L
. ) - 250
102-:._ _E 200
0 E IE
1 II!{I|l|!l|_||“li||11l|llll1l
0 -0.1 -0.2 -0.3

t (Gev )

I.  Determination in pp using elastic scattering
II. Determination for Heavy Ions

III. The role of accelerator tools

LEMIC Workshop on Sebastian White, BNL
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pp versus AA methodology

p-p(bar)

Heavy lon

Elastic scattering
Special optics/det

Minimum Bias
(standard dets )

Available ~4-5 yrs
after startup

Available ~day-1

O, ~3%

O; ~5%
2% possible

LEMIC Workshop on
Luminosity 9/12/02
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Calculation No.

AA cross-normalization with pp

1) From pp comparison data
 Error from AA &pp Luminosity uncertainties and

2) From central/peripheral

ncollision

e Error from determination of centrality classes

- A i -
o = N W
1
&
]
L

o = N W B O g~ 0 W
L

min. bias error (92+ 2 %): less central
min. bias error (92+ 2 %): more central
different origin for angle calculation
different BBC fluctuations

ZDC: different neutron loss function
Nucleons with hard core ([, = 0.4 fm)
BBC without saturation
Woods-Saxon: R = 6.25 fm, d =0.53 fm
Woods-Saxon: R=6.65 fm, d = 0.55 fm
0., =43 mb

Gpn = 37 mb

default calculation

40 45 50

LEMIC Workshop on
Luminosity 9/12/02

55 60 65 70

N_,(central)/N__ (peripheral)
Sebastian White, BNL

<- Klaus Reygers,
PHENIX internal note 7/01



Total Inelastic Cross sections

Ion Geometric cross sections decouple from o,

Au+Au geometrical cross section

. 8 i
O 1
= "
g 7 i- Nucleons with hard core (f, , = 0.4 fm)
5 :
8 6 :
o "
o 1
5 . E Woods-Saxon: R=6.25fm, d =0.53 fm
= i & Woods-Saxon: R =6.65 fm, d = 0.55 fm
; <- ditto
3 ' @ O =43 mb
2| ® E O = 37 mb
1 * default calculation
0 IIIIIIIIiIIIIIIIIHIIIIIIIIIIIIIIIIIIII
6400 6600 6800 7000 7200 7400 7600 7800 8000 8200
O geo (mb)
LEMIC Workshop on Sebastian White, BNL
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pp Methodology to calculate Luminosity

Since ISR, collider expts. have used:

1. Accelerator based calculation (more later)
-uses ..., € P*
1. “Dead reckoning” from published data
1e DO- uses E710&CDF average
2. “Luminosity independent method”
~USES Oy, Opps P
3. “Pure Coulomb” region elastic scattering
-uses o, and G(t)

LEMIC Workshop on Sebastian White, BNL
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Luminosity at Hadron Colliders

In 70’s, near end of ISR career, Cern-Roma and Pisa-SB joined forces
and invented the “Luminosity independent method”. Subsequent studies
of comparison w. van der Meer method and limits on precision(~1-2%)

*Van der Meer in machines with zero x-ing angle more complicated.
At SPPS, UA4 used “Lum Indep Method”, revised in UA4’

*At Tevl, 4 measurements disagree. Lum discrepancy not resolved.
In 1994 D0 increased it’s “luminosity constant” by 12.4% to
reflect world average and assigned an error of 12% to Luminosity
*RHIC Luminosity uncertainties in AuAu and pp data 5%, 30%
OM 2002

LEMIC Workshop on Sebastian White, BNL
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pp Methodology for Luminosity

1. In “pure coulomb” region t ~10-*(GeV/c)? and
scattering angle (ie 6=1-2 mrad at LHC)is ~o®
e a 2" generation elastic scatt experiment

2. “Luminosity Independent Method™ uses nuclear
slope (ie t ~10-2(GeV/c)? ) and optical theorem:

beam

dfi
l:l -+ Qz} . Jzzut — .f".‘:_lllﬁl‘.l'l'l:hl:j,l2 I;;u.ut |g:{}
From which: )
. 16w he AR .14
[] + glj o FP— .l: -]_ , L lelast |
Refuati: T Rinclu’.atic dt
LEMIC Workshop on Sebastian White, BNL
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pp Luminosity independent method

A large acceptance Luminosity monitor counter is embedded
in the measurement which is calibrated in the process.

TDA
Ttot

Op4 =

LEMIC Workshop on
Luminosity 9/12/02

"ot —

Rpa

16w(he)? dR,

(Rﬂlﬂﬂ + Hpa+ Rsa + Remtrnp]: - (1 -+ Q:} ‘ dt

| i=0

|

Trigger Contribution | n-range | Fraction of Nina %
Double-arm(=fp4) | 3.0- 5.6 82.7 £ 0.8
Single Arm | 2.5 - 5.6 16.3 +0.6
Central Detector <1.7 0.08 +0.04

Small-angle . > 5.6 0.940.2
extrapolation

Large angle correction | 1.7 - 2.5 0.04 + .02

Sebastian White, BNL



Heavy Ion methodology fq{ Luminosity

AuAu->Au+Au* 92 barns
> X+neutrons

AuAu—>Au>“-|-|Au>X< 3.6 barns
— X+4neutrons

R =

g

Correlated Forward-Backward Dissociation
Au + Au at RHIC

\
‘\ Coulomb + Nuclear
M \
\\\ \
Coulomb \\3‘

Y+neutrons
1.0
N
Sos |
LEMIC Workshop on
Luminosity 9/12/02 *%0.0

15.0 20.0 25.0
Impact Parameter b (fm)



As A3 As A3 A3

Weizsacker-Williams (WW) method

1] A.Baltz, M.J.Rhoades-Brown, J.Weneser, Phys. Rev. E 54 (1996) 4233.
2| A.J. Baltz, S.N.White, RHIC/DET Note 20, BNL-67127 {1996)
3] S.N.White, Nucl. Instrum. Meth. A409, 618 (1998)

4| A.J.Baltz, C.Chasman and S.N.White, Nucl. Instrum. Meth. A417, 1 (1998) nucl-
ex/9801002.

5| LA. Pshenichnov | J.P. Bondorf , LN. Mishustin , A. Ventura , and S. Masetti, nucl-
th/0101035



OMmcp= "=+

202 Z = [ bt [wdao @)K, by
y

Input to Weizsacker—Williams Formula

.717 )/ by
E 10}
e J

.
1 " -}.
| A

| | " .1..
L . ‘

l'.,"f . M
Ir- -

“I ul paral raaal | I””IE. L1 il il il 'RETI
10 10° 10° 10" 10 10 10’ 10 10
E(MeV)
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E {'}Uﬂ — P T L
E I auly,n) and "Au(y.np)
Low Energy Photonuclear = | £

Cross sections and _
n-multiplicities,momenta 200 |
(Saclay & Livermore data)
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Interaction Region Geometry

: IIDII LI :
E BO4— dipale magnat .
'3 :ium ‘-l_l_m = lozn .
2 of e ==
= [ ,-._n—E Interasotion E_I_ fm—m ]
2 F paint Proton|
Z-00- A) 4 .
L I_IEIEI 1 I-Illnl 1 I-I.llnl 1_1 I_IEII 11 Iéll L1 1 IEI 111 lnl 111 LEI‘I L1 Lﬁl 11
Meters
A-A
T T T 1 T T
- 1o
-0
—=10.

I—E{!I. I—lﬂ. . 0. 20, ab. 40,
Centimeters

Zero Degree Calorimeter Acceptance
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Luminosity
and Beam

Quality

LEMIC Workshop on
Luminosity 9/12/02

Raw ZDC Counts

7.0E+07 6.545
6.0E+07 - 5.610
5.0E+07 / 4.675
4.0E+07 3.740
3.0E+07 / 2.805
2.0E+07 1.870
1.0E+07 0.935
0.0E+00 H—++ 0.000
35
days in run
Sebastian White, BNL

Luminosity (inverse microbarns)

(cross section = 10.7 barns)

==BRAHMS
=== PHENIX
=C=PHOBOS
=tr=STAR




ZDC measurement of Luminosity profile:z.

Interaction point(z) ZDC resolution ~2 cm (0,~120 ps)
— 2D
L Chi2 / ndf = 800.6 / 82 hE-l -
1800 Constant— 1862 +8.931 ﬁ 20 =
r Mean - 12303588 E 15 C
L Sigma = 85.97+ 0.2085 L
1600: ﬁ 10;
C U —
1400:— E E:
1200:— % 5;
1000~ E 0,
i -
800 ': -5r
C ﬁ C
600:— —1“:_
400~ 15
= 205
0 |I|I|I|I| _25:|||||||||||||||||||||||||||||||||||||||||||||||||
2 a0 a0 0 w0 %5 20 15 -0 -5 0 5 10 15 20 25

Event Vertex Position along beam axis (¢m)

- Bhc ZVertex [cml
Luminosity 9/12/02



Van der Meer scans

Using different interaction z wf -
. = [ ® ERC O NIC & 21K . * n:: prediminary
triggers : *o
; 11 2 * :
E a
o [m] o [m| : - g . E - . o
-]
+

-1
LU

3 2 4 i 1 2 3
horzontal s¢can {(mm)

LEMIC Workshop on Sebastian White, BNL
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RHIC UPC Physics results from Run I.
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Multiplicity in ZDC [newtrons]

70 Au X Au @ V(s)=130GeV
Eﬂ ° ° ° °
ol Efficiencies(hadronic):
ol Epe= (92 = 2)% (HIJING)*
w0 €= (93 +x2)% (JAM)
2ol €,4.= (98 £ 2)% (conservative),
10 €,4.=(99.5-1.5)% (realistic)

R e s . *(in PHENIX Multiplicity PRL)

ﬂﬂ 0.2 0.4 0.6 N
Relative Multiplicity in BBC
£ Au X Au @v's = 130GeV
i 10° "Hadronic" events "
BBC ineff-> Coulomb bkg
10"}
Other corrections P AT
0§ 5 it

eCoulomb-> BBC hits o Bgd for "coulomb" events " E"-',

*Coulomb->ZDC miss 1
eDiffraction Dissociation o

(all negligible) o 5 WA B eutron multiplicty
LEMIC Workshop on Sebastian White, BNL
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Left ZDC neutron multiplicity -
cut on In in Right ZDC

o(2n,xn)/c(1n,xn)
= = =
%) = (w2 = =
n s n =Y n

&
o

.
(=)
un

0.1

0.05

PHENIX
PHOBOS
BRAHMS
Aumann et al

o B O &

1 10
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Luminosity 9/12/02

g0 | AuXAu@s = 130GeV
250
200— ' Coulomb dissociation events
>
150
100 |
50 - it e m N
% % 50 00 150 200 I. u
ADC channel
2n/1n cross sections, compared
To low energy radiochemical data
1
2
| 10
VS« (GeV)
Sebastian White, BNL



SMD centroid width for single neutron MCD at 100GeV

Top panel presents the dependence

of shower centroid width (sigma of F 1': S BLACK - MC (GDR "temperature” 1Me\)

. . . . - - ) RED - Exp. data for single neutron events (MCD)
Gaussian ﬁt) on llght y1€1d m the L st L BLUE - MC predictions for SMD resolution
SMD for events with single g wp +
neutron (MCD events, red points). § 07 e ‘ : .
Black points are ones for MC GDR g e ‘ :
events. Blue points are MC g = ‘
prediction for SMD resolution. s F :

Bottom panel presents “net” B R “l'i.i; ,'nu.lﬁ},ﬂl.?ci',, ;;,ZL',’ e e

widths for neutron x-distribution

in MCD events after subtraction of o ; p

SMD resolution. s I - - X
0.58 1 L c =(0.602 +/- 0.005) cm (MC)

0.56
0.54
0.52

0.5
0.48
0.46
0.44
0.42

The measured width of the
centroid distribution is about 20%
less than the one for MC events
which heve been generated for
GDR with a decay temperature of

——
——

1 )
1
o= (0.508 +/- 0.01) cm (Exp.)

—t— —B—
—_
-
—i—

o of NET centroid distribution{cm)

F———————

1 . 0 MeV. 20 40 60 80 100 120 140 160 180

Hits multiplicity in SMD
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PHENIX Centroid distribution for multineutron events

“Private” )
xcsind

1 data - Au X Au @ 100GeV Nent = 8229

— . Mean = 0.0768
“Broad” part Of _Decomposition with 2 Gaussian shapes: =4 Ir gmgf :d[:‘.iﬁng.ﬁfﬂﬁ

— 0 =1332+11.11
the 1 02 _G 0.849 cm 31 — 0.8486 + 0.02141
I : =
1stribution 1s duc — pd =0.07011 =+ 0.007883
to spectator B
neutrons with a -
Fermi-motion @ -
spread. =
210

his spread w r 1
Corresponds to B DC mult. : 8(south) /8(north)

L )
0=221cm L \ Il

1 E "Fake" events with ZDC mult. 8 AT

- 6 =0.376 cm

edl P VAR R in

-3 -2 -1 0 1 2 3

LEMIC Worksl Xcentroid (cm)
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TABLE 1. Cross sections calculated and derived from the data. The errors quoted on measure-

ments include the uncertainty of the BBC cross section [§]

Cross Section Calculated Value(1) Calculated Value(2) Measured
Tiof * 10.83 + 0.5Barns 11.19 = N.A.
O geom 7.09 = xx 7.29 + xx N.A.
% 0.67 0.65 0.661 =0.014
electromagnetic
% 0.125 XX 0.117 = 0.003 =0.002
ZE:;;? 0.329 XX 0.345 = 0.01 = 0.006
r:[;:i—fiﬁ XX 0.327 0.345 = 0.011 = 0.01
*Definitions

Gtotzo(Mutual Coulomb Dissociation)+O(geom)zzg(hadronic)

LEMIC Workshop on Sebastian White, BNL
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Calculated cross sections for PbPb@] HC
A.J.Baltz, C.Chasman and SNW NIM A417(1998)p.1

(errors can be inferred from above RHIC discussion)

O1inin 0.537 barns
O/ xn 1.897
O xn.xn 14.75
o, 227.3
LEMIC Workshop on Sebastian White, BNL
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Accelerator Based Determination of Luminosity

To 1st order based on 3 accelerator measurements- ie.

NpNﬁ

ir o0

L =08

Np = total current in a “bunch”

o, ,= transverse dimensions of the bunches

Above methodologies developed to check the instrumentation
which measures these parameters.

This calibration is essentially independent of the beam species.

-ie calibrate at one energy-> all others (CDF example)

-@LLHC calibrate with whatever species is more precise (pp or AA)

LEMIC Workshop on Sebastian White, BNL
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Accelerator based.. (to next order)

E ﬂd‘:-

1

72(2) = o (Balz)ea) + (nm%)*

U:r(‘z} — #ﬁy[z}'&y

ie things are more complicated if momentum dispersion.ne.(
or f* << bunch length

LEMIC Workshop on Sebastian White, BNL
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CDF experience:
C.Grosso-Pilcher and SNW ,FN-550(1990)

store 2193 — beginning of store

70 F B8C vertex — hist.
&0 - Loce{ 2) = curve
50 F
40 F
30 E
20 ~
10 E
0 :I Lo I } 4 1 1 1 L ‘ 1 i 1 1 ' 1 1 1 L I L | 1 L
=120 -804 —40 Q 40 8o 120
z vertex
store 2193 — end of stora

BBC vartex — hist
6D Loce{z) — curve
50
40
30
20
10

D 1 L Il 1 L i 1 1 L L 1
120 —B0 —40 (4] 40 80 120
Z vertex
LEMIC Workshop on Sebastian White, BNL
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CDF experience: (continued)

Ratio of monitor rate

to accelerator calculated
Luminosity

(1 event=1 scan)

1800 GeV data

LEMIC Workshop on
Luminosity 9/12/02

r | 1D 10
80 N | Entries 509
Mean 1.013
RMS 0.7419E-01
70 - X 1.948
Constant 59.58 & 4.170
Mean 1.004 £ Q.1403E-02
Sigmo  0.ZB67E-01 + 0.1471E-02
60 -
1800 GeV
50 \ with cuts
40 -
30 -
20
10
o Lo 1 o . o 15l . —inmllalh 5 ¢+
0.6 0.8 1.2 1.4
Sebastian White, BNL



CDF experience: (continued)

Ratio of monitor rate : r V‘
to accelerator calculated |
Luminosity

(1 event=1 scan) _
546 GeV data . _

N

IC 10
Entries 15
WMean 0.75857
RMS 0. 1181E-
¥ 9999,
Constant 85195 = 2.BBG
Mean 0.7534 = 0.1723E=-02

Sigme  O0.GBE-D2 % ©.1622E-D2

|

545 GeV

with cuts

0.6 0.8

LEMIC Workshop on Sebastian White, BNL
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Thaomstical Luminoaity {s30)

Similar studies in 2002 (courtesy P.Lebrun)

[ LumThCor |
F - 14- Theoratical va COFLuminosily,

] Theoretival vs CDFLuminostly, - { bunch by bunch, for 3tors 1244- 1534 .

12 bunch by bunch, for Store 1244- 1634 124
s Color=Froion h
18- e 2 10- Irketty =

J . H:lrdlr - = (njwoked)

&b - - (Injectect); E - 1202
e \ e = ma
as- : L an 3 ga. u

] . ek i ) L .

- e - 1 a7 gl "
o2 c 7 ! e n2- T o =
4l === T T T T T T T 1 1 1 0.0+ 'FH.- T T T T — — — T ' 1

“0 02 b4 08 08 10 12 14 0w 0z 04 4B DB 10 12 14

Mecaumd Lumincalty (s30] Mamurad Lumincalty (s30)
LEMIC Workshop on Sebastian White, BNL
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CDF measurement of beam position and sigma (2002- SVX)

(PV.y0-GLO.BLyO) {PV.y0 = -100.0 && PV.y0Sigma < 0.003} [ Entries IGEEE
Mean -0.000795%
J00E= RMS 0.005748
= 21 ndf 125.6 /97
800 — Prob 0.02712
700 = Constant 804+ 5.394
— Mean -0.0007762 + 2.92e-05
600 - Sigma 0.005408 + 2.368e-05
500 —
400 :—
300
200
100
: 1 L J- P b
-H.D?- -0.02 -0.01 1] 0.01 0.02 0.03
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3

Conclusions

. 5% Luminosity measurement was achieved *“at

startup” 1n HI

This will be improved to ~2% before LHC era

. A coordinated luminosity measurement scheme was

successfully implemented in 4 experiments (and usec
reliably also in RHIC acc. Control room)

It was very useful 1n pp running also.

LEMIC Workshop on Sebastian White, BNL
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A Proposal

* A coordinated approach to LHC Heavy Ion
luminosity measurements->performance
criteria (LARP, DOE-NP, LHC Instrum)

e Actual detector technologies could
differ(RHIC example)

e This has interesting implications for pp

LEMIC Workshop on Sebastian White, BNL
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MC simulation of the ZDC response to 2.7 TeV neutrons from GDR decay.
ZDC module: 10mm Tungsten+0.5(dia) fibers @ 45Dgr, 13layers/module, (21)
Fit: ~exp(-(x1)**2/(25**2))

Fiber's NA = 0.3.

60 . )
Chi2 / ndf=41.08 | 53

p0 =42.4111.823
p1 = 3370131.79

50
p2  =538.7X16.78

p3 =1765+65.95[]

00—
'3 modules in ZDC

20—

10—

ﬂ_ﬂlﬂhﬂl | | | | |

0 1000 2000 3000 4000 5000
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600

60

50

10

20

10

0

p0
p1
p2

p3

=51.83 +2.112

= 3442 + 25,33

=428.61+12.62

=398.1 £53.01

Chi2 /ndf=40.13 /44

~ 4 modules in ZDC

h | ] | ]

L]

1000

2000 3000 4000 5000 G001
PhotoElectrons

Sebastian White, BNL

L=p1,c=p2+p3*(xw/n

60

50

Chi2 / ndf=32.49 /39
p0  =5452+2.3234
p1 = 348312414

p2 =4103%12.64

P3 =409.7£54.68

30

20

10

5 modules in ZDC

0
0

1000 2000 3000

4000

5000

600



