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Introduction to Relative Luminosity
Systematic Uncertainty

Ratio of luminosity between different_lj} polarized bunches

As measured by a detector like the BBC

Systematic uncertainty taken from Comparlson of Rel Lumi as
measured by our BBC vs. ZDC

Hope dffferent detectors samp[lﬁg,rdiﬁerént physics
processes aren't biased in the same way
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Definitions

Relative
luminosity — ™ R 3=

1 o Ratio to compare ZDC, BBC
(E NEs )\) BBC

1 C(l + SbSyELL)F Bunch-fitting formula

ELL — Pb PyALL e “Raw” asymmetry




More Definitions
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Simple lllustrated Model
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Beam Offsets

(1-8) (1-5)

(1+5) (1+5)

Beam offset modifying left vs. right geometrical acceptance of detector

With an A  this effectively'modifies overall-acceptance of EACH ARM of the detector
to a(1+0) or a(1-0) (explained on next slide) 2



Why a(1+0)?

Just simple redefinition to make math simpler, in terms
of a single small parameter

With beam on nominal center of detector:

N counts
With beam moved “left,” lose from left and gain from
right:

N - (nL — ) SINESR
With beam moved “right,” gain from left and lose,from
right:

N+(nl'— )J=N+ 0 (not necessarily same as n)

Simple redefinitions as (1-0), (1+06) with
=N+ (12 = 1), &= @20 +n)

will “cancel” in numerator and denominator when
calculating asymmetries

o is a single smEiERaEGINSISE
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Transverse CM “"Boost”

Similar effect to [beam offsets
1 mrad angle likefa 8.8 & &8y offset on the'BBC
1 mrad angle like a 1.8 cm offset on the ZDC ---> effect.of angle on ZDC ~10x BBC
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collinear Beam Angles

(1+5) (145) (1-5) (1+5)

1-5 1-5 1+5 1-5

Notice difference from offset’'in (1+0)
dependence(f.e” now contributes to A,)



Generating Double Spin Asymmetries

e.g.: parity violating asymmetry A, il aa) o (149
(++ vs. --) with collinear beam 1e 1e

o | @ ||
angles
Assume i) AR 9

north and south detectors the
same

only ZDC affected

no actual double spin
asymmetry (JuSt A )
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Single spin contributions

e.g.: parity violating asymmetry A

(++vs. --) with collinear beam
angles

Same assumptions

() (1+5) (1) (1+5) (1+9) (1) (1) (1)
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Generating Double Spin Asymmetries

Similarly, we can generate some
A' s, such as

A’ (++10 +-) and
T
AT (10 -+)

Technically, these have A" s in them,
too




Table of “Results” from Model
with equal blue; yellow pol

Situation

AT

PV

Al (++to A" (- to-
+-) +)

o

verse components in‘the
s the.case

yut not this simplified table
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Simulation (2/3)

Particle Production:

Simple production of
particles at each collision

point (quantum number,
energy conservation not 200 GeV
required)

According to measured S ENE L
kinematic distributions

FIG. 29. (Color online) Charged-particle multiplicity d Nk /dn

C h arg e d traC kS | n to B B C shown for 200-GeV (a) and 410-GeV (b) pp inelastic collisions.
oss section of forward neutron production ( integrated in 0<p;<0.11x, (GeVi/c) ) Neutron asymmetry x; distribution with single neutron trigger
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(latest) Simulation Results
(P, dependent A )

Linear dependence 20(6) = -0.044*0 (in mrad)

A, vs. Radial Angle for 100% Transverse Polarization

%2 I ndf 5403/4
p0 -0.04396 + 0.0002786

NOT fits
100% pol fit scaled

Transverse polarization Scaling Confirmed
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(not quite latest) Simulation Results
(does not include p_ dependentA )

Pure Angle
What is plotted?

Asymmetries vS. angle in plane to (vertical) polarization

Al =“25(angle)”

according to model

according to model
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0.02
theta [rad] : 0002 0.0004 0.0006 0.0008 0.001
theta [rad)]




AII, = “28(angle)”

according to model

Al (++to +-) = “3(angle)”

= -

1 I I
0.0008

0.001
theta [rad]

0.001
theta [rad]

| I |
0.0008

As expected AIL =% (1IZ)*AIV

I
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Actual LONGITUDINAL Data

Separated by the overall spin vs. xing pattern

4 in , different every fill
Bunch structure causes some separation in these
Averaging patterns would wash out the effect somewhat
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Runll 500 GeV
Longitudinal:
A A
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What About Our Traditional ALL’?

Our traditional takes (++,--) vs. (+-,-+)

So essentially, we are taking'a luminosity
weighted average of the 'othef two A-s-(++ vs.
+-) and (- vS. -+)

Lumi Fraction with Yellow Beam - Lumi Fraction with Yellow Beam -

X
334 335 336 337 338 339 340 341

X
282 283 284 285 286 287 288 289 290 291
ber ®& funnum ber
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Uncertainty Prediction, 400 urad

50% pol assumed
With 5, 8hr fills, we could

pl 0.0001998 + 0.0002088

p1 -0.02199 + 0.0007382 get uncertalnty on Slope
of +3%

Can‘calibrate 6=zero to
o(intercept)/slope
=40 yrad

Could add beam offsets if
given 4 more Fills

2 1 ndf 1.562 /3

Will wait for angle results b4
-04 -03 02 -01 0 01 02 03 04 : :
8 (mrad) requesting this
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Uncertainty Prediction, 1 mrad

el  50% pol assumed

Prob 0.8484

p0 0.000295 £ 0.0002088 Wlth 5, 8hr fIIIS, We
could get uncertainty on

slope of
~1% (vs ~3%)

p1 -0.0222 + 0.0002953
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Input to Uncertainty Estimate

(In addition to simulation)
Fraction of particles firing ZDC that are neutrons (for a
conservative estimate, assume no other particles have

Particle number in GEANT3 tag
=1l

AN) 5

From: Manabu

250

Togawa's thesis

150

20 25
Particle number

ure which is
ed by h PyTHIA
o the ZDCN|S tri
h pp collision (

Typical ZDC rate
In single €rossing, € € A

Fractional uncertainty Xx:

1
TVt~

0.0002 0.0004 0.0006 0.0008 0.001 0.0012
eelambda_ZDC

fneutron. DO /1 a4 A0/
zpc T"mPO /1.4 (enes)) zpc
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(not quite latest) Simulation Results
(no p_ dependent A )

Pure OFFset
What is plotted?

Asymmetries vs. offset in direction to (vertical) polarization

Different colors show offset in direction | ' to polarization (hegligible effect)
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Simulation Results

OFFset and Angle
What is plotted?

Asymmetries vs. angle in plane to polarization

Different colors show offset in direction to polarization

A180 = “-20(offset)” | _ AIV = “28(angle)”

according to model

according to model

i I
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Some small dependence orA _ on"angle for non-zero offsets (starts going offs
detector)
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180 Degree Asymmetry in ech
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Run09: A A
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Run09: A, A (++ 10 +), A (--10-+)

Double Spin Asymmetry (++ 0 +-) in €€l /e€hgge Double Spin Asymmetry (- 10 -+) in €€k feehgg
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