PDF sensitivity with LHCDb

Tara Shears, for the LHCDb electroweak group.
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Fully instrumented within 1.9 <1 <4.9
Trigger: P, > 3 GeV, pt, > 0.5 GeV, m,, > 2.5 GeV



1. Introduction LHCb

2. High Q*> measurements Kinematic range

3. Low Q2 measurements

. Measurements
4. Conclusions

10
Angular acceptance + LHCb | 19<y<49
trigger thresholds ensure 10°F|l GPDs | ly|<25
range of low x, high and :
low Q2 can be probed. 10" F S
s~ 10°F \é‘b
z &
SR S
° /
10'F
10°
107 F
107 10° 107 107 10° 10° 10" 10°



1. Introduction

2. High Q2 measurements

3. Low Q2 measurements
4. Conclusions

LHCb
Kinematic range

Measurements

10"
MSTW2007NLO
10° From R. Thorne
10;" EEEEENEEN
EEEEEREEER E
~= 10
o 10 F ) y
> =
[0} 8 Q
Q 10°F c ,\QQ’
Pe 3
(VY-
10'F 8. -..... .
0 '0, .
10 F
o' s 1} «——— LHCb —>
J Ll A IIALAI Al.l ALl AL L LLLLLL A LALLL E E
107 10" 10° 10 10° 10” 10" 10" 0 1 2 3 4 5



1. Introduction LHCb

2. High Q2 measurements Kinematic range
3. Low Q2 measurements
Measurements

4. Conclusions

10° MSTW2007NLO
LHCb
o' b From R. Thorne
10°F E
| S 10 Cgé lo
o~ 10'f t A .
%’ O Q/ @Q
O . c O
;—f 10°F - | 7
] — W
‘ -U | ' *
10" F Q. . o*
3 Yoo o’
° ...III“‘
10’ F
o' v 1} «——— LHCb —
" aal L2 AR 2 pgad gl pagand g gl 2 :

107 10" 10° 10" 10° 10° 10" 10" 0 1 2 3 4 .



1. Introduction LHCb

2. High Q*> measurements Kinematic range

3. Low Q2 measurements
. Measurements
4. Conclusions

10" <
LHCb
10° From R. Thorne
| &
o'y 3 ¥
. = 10 OQQ ’.«
o 10] 3 "q:) /q/b( Q *
’d
2 O \\ c°
o c X
;_, 10°F = Y
(V-
7 Z 8 i “Q
10'F (&) Ve, ““
[ o~ ....llll“‘
10" F i :
1F €———— LHCb —>»
10" f - -
L A Al y LLAJ ' lllkd - )4‘1.1 LA LAJ AL L LLLLLL A LA LLLL o 1 2 3 4 5
107 10° 10° 10" 10" 10”° 10" 10"



1. Introduction LHCb

2. High Q? measurements Kinematic range
3. Low Q? measurements Measurements
4. Conclusions

Z—pup,

Probing:
W—nv, Q2 = 104 — 10
x=10%— 10"

Y —=up
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. After Selection Cuts —_—Zu
T rl g g e r: E --------- QCD backgrounds
— 2 muons, pt, > 10 GeV s - Elocrovosk backgrouncs
- M, >50 GeV Find
s F . 4L l..
Reconstruct: i
~ pt,'@>20 (15) GeV .
— IP, significance < 5 bl HREY
102 - s:
- 71<M,, <111 GeV
N
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Invariant Mass (GeV)

Trigger efficiency 86%;
Selection efficiency 91%;

. o See J. Anderson, CERN-THESIS-2009-020
Purity 97%.
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Tri _ 5 —_ W
rigger: s | —_—Z
— pt, >20 GeV % —— bb
2F — K/Pi
Reconstruct: ¢ [
- pt, > 30 GeV 5 |
— ptasymmetry A, > 0.85 I
10f- )
A =ptu_ptrest i ﬁlﬂ
pt i " |—
ptu-l_ptrest £
D 10 20 30 50 60
Muon Pt (GeV)
Trigger efficiency 74%;

Selection efficiency 35%;
Purity 90%.

See S. Traynor, DIS09
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y4
W

Ratios

Fitting differential cross-sections

Note: estimates (still under study).

% Measurement Uncertainties with 100pb-"
W — pvy Z — U

Statistical 0.5 0.8
Background 0.3 0.2
Reconstruction

efficiency 0.2 0.3
Trigger Efficiency 0.1 0.1
Luminosity 1-5 1-5
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Ratios of W, Z production
reduce lumi dependance ol

R.. : sensitive to d/u ratio
Ryz: many theoretical

uncertainties cancel: test
Standard Model (0.4%)

—_—
L

% pdf uncertainty

pdf uncertainty on

A._: sensitive to uv dv difference C R, = do(W')do(W)

04 L A= @oW)do(W)/(do(W)+do(W)) |
at LHC using MSTW2007NLO i
<— LHCb —)
1 I 1
0 1 2 3 4 5
Yw

But more information obtained by fitting W, Z together
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Idea:
compare measured do/dy for W, Z to PDF prediction,

constraining PDFs and fitting integrated luminosity.

Test:
» Choose a PDF set. Take central value to be truth
» Generate many pseudo-data sets (assuming multinomial distribution
for eigenvector errors), corresponding to a given luminosity
* Fit each pseudo-data set: pseudo-measurement

« Compare pseudo-measurement to truth
—centre of distribution gives bias
—width of distribution gives precision

See F. De Lorenzi DIS09,
R. McNulty PDF4LHC 29/05/09
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Method using MSTW, CTEQ, Alekhin;
do

fo, =—— : distribution obtained with central eigenvectors

dy

f. = d_O()L_ =1,A_ =0): distribution with it e.v. moved 1o
l d 1 P

Fit L ]
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Normalisation /
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Method using NNPDF;

O : .
f,=—forith replica
Y

#bins [ — )\, . )
Fit X (A) ="y 5 M)
=9

... and only consider consistent replicas
(Chisquared probability > 1 %)
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Z
W
Ratios

Fitting differential cross-sections

0.1 tb!
MSTWo08 CTEQ66 Alekhin NNPDF
W+ 1.8 2.4 2.0 2.9
W- 1.9 2.6 2.2 2.7
Z 1.9 2.4 2.2 2.4
WWZ 1.7 2.3 1.8 2.0
1 tb!
MSTWo08 CTEQ66 Alekhin NNPDF
W+ 1.6 2.2 1.8 2.4
W- 1.6 2.9 2.1 2.4
Z 1.7 2.1 1.9 1.8
WWZ 1.3 2.1 1.4 2.2
10 tb!
MSTWo08 CTEQ66 Alekhin NNPDF
W+ 1.8 2.0 1.5 2.5
W- 1.2 1.9 1.6 3.0
Z 1.4 1.9 1.9 1.9
WWZ 0.8 1.7 1.0 -

Percentage statistical uncertainty on fitted luminosity
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 Method could have bias if correct PDF not known.

« Selecting only good fits with x? probability > 1% allows test of PDF
model consistency

* Reduces systematic uncertainty due to model dependence

0.1 fb!
CTEQ66 | Alekhin | NNPDF
W+ -3.2 -3.7 5.0
W- 0.1 -2.0 -1.5
Z -1.4 -5.6 3.4
WwWZ -0.7 -3.6 5.0

Percentage bias on fitted luminosity generated with MSTWO08
central values
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This procedure fits eigenvalues as well as
luminosity.
— it can constrain our knowledge of the PDFs.
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Fitting differential cross-sections
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Effect on gluon PDF for
CTEQ66 (1fb-")

Straight fit
x=104, 7.5% — 6.5%
x=5.10"°, 7.5% — 6.5%

Deweighted fit
X=10'4, 7.5% — 7%
x=5.10°, 7.5% — 7%

(Smaller difference because
impact of data is less)
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| Gluon NNPDF1.0 |
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Trigger:

— P, asymmetry variables
A(Pp'l, Pcone1) o

— 2 muons, Zpt, > 1.6 GeV _ Trigger -

% JILHCb ".a+++-f ;'o".""'#-‘"'o.é.-‘|'| H

Reconstruct: gomE ety it g M?T
- p,>21GeV gk ; m
— IPM significance < 3 a:as "

. ~97% abo§/e 20 GeV

]T TI{

A(Pu2, Peone2) s falls to.~60%.at 2.5.GeV...
A(Pp'l +Pp2, Prest) £, [ ‘ l MR B l L ’

0 20 40 60 80 100 120
A( Pcone1 +Pcone2, Prest) Dimuon invariant mass (GeV)

See J. Anderson, DIS09
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_ZSGeV < MUU < SGeV ?L/:a;;::arkdecays 3__566\/ < MIJIJ < 1OGeV ?L/:a;;::arkdecays

[ T FYTT Pion/kaonmis-d | = £ F e Pion/kaon mis—-id
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Cross-section (pb)
Cross-section (pb)

. e

Efficien

Efficiency = 75
Purity

L 10—1EJ I ]
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; . N B . R
-1 -0.5 0 0.5 1 0.5 1
Fisher discriminant Fisher discriminant

.......... Heavy quark decays

10GeV < Mup < 20GeV |7 auncsecays 20GeV < Muy < 40GeV | =

----- Pion/kaon mis-id

102 a

----- Pion/kaon mis-id

Efficiency = 80% " | Efficiency = 80%
Purity =95% | - Purity = 95%

F: I|JJ 1o"£ : : —‘
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N R 4 il
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Fisher discriminant Fisher discriminant

Combine variables into Fisher discriminant
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Cross-section (pb)

c
o

107



1. Introduction
2. High Q2 measurements

3. Low Q2 measurements

4. Conclusions

= Signal
CLdS *===**HQ decays
c n ..
o [ == == \lis-id
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0 5 10 15 20 25 30 35 40
Dimuon invariant mass (GeV)

Mass range (GeV) Events/pb-
25<My<5 1191 £1.0 .
o Systematic
5<Mu<10 287.3 1.6 errors
10 < My, < 20 1476 +0.9 under study
20 <My, <40 423 =04
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Understanding backgrounds with data

= Opp. sign mis-id

= Same sign mis-id

]

0.5 1
A(Pmu1,Pcone1t)

= Opp. sign mis-id
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= Opp. sign mis-id
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= Same sign mis-id
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= Opp. sign mis-id

LI IIII

T

IITYIII

IO Lo Same sign mis-id

| | s | R I

0.2 0.4

0.6 0.8 1
abs(A(Pcone1+Pcone2,Prest))



1. Introduction
2. High Q2 measurements

3. Low Q2 measurements

4. Conclusions

Experimental
precision (stat.)
quickly exceeds

theoretical precision.

% pdf uncertainty

-
o

MSTW2007NLO
| do( v *)/dMdy
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LHCb can measure Z, W, low invariant mass y* in
the forward region with good precision.

Measurements probe partons down to x of 10

Fitting W,Z differential cross-sections can constrain
PDF descriptions.
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Understanding backgrounds with data

— HQ: IPS<3
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T
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T IIIIIII

— HQ: IPS>12

| PR SR S NN SN ST TN SR [ SR S SR SN NN S SR S i |

05 1
A(Pmu1,Pconet)

— HQ: IPS<3

|III||I[

— HQ: IPS>12

LT

a 05 o 05 1
A(Pmu1+Pmu2,Prest)

Cross-section (pb)

Cross-section (pb)

-
o

T Il]IIl[

-
o

— HQ: IPS<3

L

I

— HQ: IPS>12
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— HQ: IPS<3
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Do Z shapes match lower masses?

A.U.

2.5GeV < Muu < 5GeV e 5GeV < Muu <10GeV
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014 -
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