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PDFs & Luminosity

Ox = dxﬂdxﬁﬂ{(xw Qzlf(x_.{u QZ)%EHX (xcqr Xp) Qz:‘}

PDFs Partonic Cross-Section
4% accurate (W & Z) ~1% accurate

If luminosity known <4%, o, tests SM
Or...
Trust SM and o, gives luminosity to 4%




PDF structure

e MSTWO7 PDF set is arranged in:

— Central value (best fit)
— 20 linearly independent eigenvectors Qi
— Qitlo (40 Error sets)

* (Can generate distributions using the “best-fit” or any of the
t+10 error sets.

* Then any distribution f(y)=d o/dy is a linear combination of
the best-fit and eigenvector distributions
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* Where W, are gaussian number Gaus (0,1)



PDF uncertainties

6% <
* Uncertainty on Z

Rapidity distribution

E(y) = 100f0(3’) - fi(y)

fo(y)

<

Rapidity 0 to 5

v



Fit algorithm

* @Given we have some data with an unknown composition, can
we fit for eigenvectors? Try:

20 20
f = pan (f@ + Z par;” o + ZPWE_‘TF)
/ (=1 \/b??/

Overall normalization: PDF weight
LUMINOSITY




Fit algorithm

* @Given we have some data with an unknown composition, can
we fit for eigenvectors? Try:

20
[ = pan (fn +ZPW¢+ |
/ (=1 \

Overall normalization: PDF weight
LUMINOSITY

* Problem: difficulty in fit convergence (too many parameters)
e Considering symmetric +10 and -10 (not enough)
* Using only significant eigenvectors
(15+1 parameters standard x?> minimization)
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Uncertainty
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Data Generation

* | generated 1000 toy experiment considering:

— Y distribution as linear combination of significant
eigenvectors using Gaussian weight: Wi=Gaus(0,1)

— Statistical smearing in each bin
— LHCb acceptance and trigger and reco efficiency

— Different luminosity
* 0.1 Fb'!
e 1Fbt
e 10 Fb!



Results — standard x?

Parameters Distributions

par0 = tpari =2 | tpar2 =) tpar3

* Parameters not constrained “MHW =
* Lumi: (0.85to1.15):ﬂ
— 0.1Fb1 accurate 8.4% :

— 1 Fb?taccurate 7.6%
— 10 Fb1 accurate 4.1%

RMS  0.9682

tpar?
E Entries 999
Mean  0.01861

Truth
Fitted

Mean 0.05853
RMS 0.9881

-10 to 10_*




Results — standard x?

uuuuu

e Parameters not constrained ?
* Lumi:
— 0.1Fb! accurate 8.4% e
— 1 Fb!accurate 7.6%
— 10 Fb! accurate 4.1% -
e Pull function - OK -
e Chi2-0K
b histo -
160 Entries 999 "
140 Mean  13.04 -10to0 10
120_ RMS 5.176 .
" * Fit works very well
of Dof =30 - 16 o .
- * | modified the x* to better constrain
g a0 the parameters



New x? definition

Unconstrained

42 = Z Ny = pary(fo + Zpar,o]7)

O
bin bin

Constrained

Ny, — par +~ Y par,o;
?E’2=Z pin — Parg(fo + Zp Lt)_}_zpaﬁz

Sb In

bin 13-

(Constrained by current knowledge of PDFs)



Parameters constrained

Results — new x? (1)

Parameters Distributions

Lumi:

— 0.1Fb! accurate 1.3%

nnnnnnnn

tpar3
Entries 999
Mean 0.0204
RMS  0.9682

pars

— 1 Fb?taccurate 1.0%

— 10 Fb1 accurate 0.9%

Mean

RMS 1.018

Fre gy

Mean 0.01861
RMS 0.9806

tpard

Entries

Mean 0.05853
RMS 0.9891

tparit
ntries 999

Mean 0.01254

RMS 0.8759

tpari3

Mean -0.04112
RMS 1.008

Mean -0.02388

RMS 1.016

tparis
s 959

.....
.........




Results — new x? (1)

pulld | p ulll pull2 | pull3

Entrie 989 Entries 939 Entries 989
auf E
Mean -0.06404 Msan  0.01665 = Mean -0.02067
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o wof-
sf of
L m T O L S e S T

[ pull5 | &% pullé il | pull?
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 Parameters constrained

* Lumi:

(0.85 to 1.15)

p [ pul® | pulli pullil

* Pull function - OK Fitted = 3 K = 1 ﬂ
¢ Chiz - OK pulliz pulll3 m T !Ip:ll14 m T !‘p:ll15.

nnnnnnnn 99 Entries 999 Entries 999 N Entries 999
3 Mean 002323 = Mean 0.0747 E Mean  0.016 Mean 0.01262
=e RMS 1.017 asf RMS  0.9899 = RMS 1.003 e RMS 1.023
f vof. vl v
U :
histo
F af f sk sf
B Entries 999 || LAt AA sy . O |

- % Ean 4 it + ol a k! W
Mean 28.07 1010 10
RMS 7.63

— 10 Fb! accurate 0.9% e —
Truth | = - a2

Dof = 30 —1
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Results — new x? (2)

parEr0 parEr1 parErZ2 parEr3
* Parameters error : : :
shows if there is . "+ + "t
an Improvement parErd parEr5 parEré parEr7T
on PDF e | o I = =
constraining ): . B .
* Thereis i :
improvement on parErg parEr8 parEr10 parEr1i
PDF measurement : o o : ol = e on| o oo
if the error is “t . - .
smaller than 1 5 e p R N
pgrE F3 p_arE ZE] pgrE 4 parEr15

Parameter Errors distributions



Summary Results

I.E 1—_ : ! : . - 2 ! . : : *
o.a:— - St : . " ‘ .
0.8_— ’ + 4
04 | * 0.1 Fmb
| ® 1Fmb
02— | * 10 Fmb™
: | e b b b b b
0 2 4 6 8 10 12 14

# eigenv

For some eigenvectors there is an

significant improvement up to 40%

Luminosity

Luminosity Accuracy
(Fb )

0.1 1.3%
1 1.0%
10 0.9%

Theory uncertainty (no
data) is about 1.5%, | can
give an estimation with a
better accuracy

High precision Luminosity
Measurement



Model Dependence

e So far only considered statistical uncertainty
* Model dependence in describing PDF

e Generate data with DIFFERENT model
e But fit with MSTWO7



* CTEQ66

H chi2
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Test on other sample
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Test on other sample
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Systematic

 Some ability to judge which PDF set is closer
to data (using chisquared)

* Good chisquared is necessary but not
sufficient condition

* Compared to MSTWO07, biases are:

al__01_0_° _
AleKnin

-4% +2%

e This is the dominant effect



Conclusion & TO DO

* | developed a fit algorithm to estimate
uminosity and to constrain the PDFs

* High statistical precision measurement of
uminosity (1%) but systematic effect (~¥4%)

e Possible to improve some PDFs eigenvectors
(up to 40% using naive fit — see later)

 More study on model dependence (with
theorists)
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