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Physics Motivation (I) -

/"llm(«(
Gluon and sea quark

PDFs dominate

Parton distribution functions
(PDFs) describe quark and gluon
content of the proton.

PDFs are essential input to
perturbative calculations of signal

and background processes at
hadron colliders.

Tevatron data provide 10% of the
data-points in the PDF fits

Complement HERA and
fixed-target data providing
constraints at high-Q?

PDF fitting groups: CTEQ and
MRST (now MSTW)

Proton composite,
valence quarks
dominate
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Proton interacts as a single particle
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Physics Motivation (ll)

A measurement of the W charge asymmetry
at the Tevatron provides information on
d(x)/u(x) of the proton

— truly clean measurement

P

anti-proton

Example: Improvement in PDF uncertainties
will reduce total error on W mass

/\

CDF 200pb-" DO

1 fb-1

- -1
CDF Il preliminary el [Source [a(mw) MeV mr [a(mw) MeV pi[o(mw) MeV B,
: Experimental
My Uncerta'nty [MeV] Electrons Muons Common Electron Energy Scale 34 34 34
Lepton Scale 30 17 17 Electron Energy Resolution Model 2 2 3
i Electron Energy Nonlinearity 4 6 7
Lepto,n Resolution W and Z Electron energy 4 4 1
Recoil Scale loss differences
Reco” Resoluﬁon Recoil 1\[0(10.1 ) ) 6 12 2—()
u Efﬁciency gle(i:ron Ef;l(:l(‘,ll(:l()s 2 6 :;
Il ackgrounds p 5 ‘

Experimental Total 35 37 41

Lepton Removal xperinient x
production an

Ba(sc)grounds decay model |
pr PDF 9 11 14
PDF QED %\\T___/ﬁ-/

Boson pr 2 5 2
QED W model Total 12 1 17
Total Systematic Total 24 & i
Siatistieal ..o 4G B
Total 62 60 26 4




W Charge Asymmetry at the Tevatron

At the Tevatron, W * are produced primarily by:

u et d e

W+ boosted in proton direction and

W- boosted in anti proton direction.

Oes =@

A ——ad

generated rapidity [y, or 1]

+anti-proton direction proton direction—




W Charge Asymmetry at the Tevatron

W’s produced

mainly from valence quarks.

W production requires at least one high x parton

in the collision.

0.8 E__;.;f....‘.....'..ul ....................... |"'I ....... T T 7;4_.
0_7; o .X,,pro.ton _E
S S R .éf.xanti-proton B
05 _ _______________________ _________________________________________________________________________________________ =
X oal- ' : 3
Y — DaS— R e — 3
0.2;- . . ot _;
0.1;‘ : .~.° 5;"‘_'. “f
g lacacocereio @ ®® t t 000000 nia o, o]
% =2 -1 0 1 2 3
w rapidity(yw)
A(yy) =
1, (E-P
=—1 = —
wesw s | | do,/dy, —do_idy, _

X1,2 = Xo€5W

Xo = Mw/v/s

do,/dy, +do_/dy,
u(xl)d(x2)-d(xlu(x2)
u(xld(x2) +d(xu(x2)

Parton Distribution Functions

—— 2_]_ T IIllIII T T lllllll LI Illllll T T Illlll
ab"l 8:‘ nod  u,,(x) : MRST2006NNLO ]
X L “-.. _— da,(x) MRSTZOOGNNLO ]
< 1.61

[http://durpdg.dur.ac.uk/hepdata/pdf3.html]

Measurement of the W charge
asymmetry constrains PDF’s
of the proton.

sensitive to
d(x)/u(x) ratio



Lepton Charge Asymmetry

Traditionally we measure |lepton charge asymmetry
— leptonic W decay involves v 0.5 1

— P," is unmeasured g4 —Ef’fg'!.-, &\ CDF RunlI:
— lepton charge asymmetry is a convolution of £ *°F PRD 71, 051104 (2005)
both the W charge asymmetry and V-A [ gf:
W decay structure JY S e Lo o
— Results in “turn over” at high |n| 001 TR
— W*'s produced boosted in proton direction S0 MRSTOQ
and polarized in the antiproton direction z:: NLORESBOS (. Lendry, et al. Phys RevDBT073016.2003)
W charge asymmetry does not have this A N R R

. U 05 1 1.5 2 25
effect, so we probe high y, \ Wj
——=&—— W production charge asymmetry

Co ——&—— Lepton charge asymmetry : : Y

0.6 i Hococososes ®.ai...

- A : . " . : P : . - I
o ; ; ; BN Least constrained at high n!

042_ .......... ‘ _________________ _________________ ...‘- _______________ ________ P —
B B e e s :.. __________________ = \A A(.VW)= . By _ @Yy

OF ACDU - LT I — - do,/dy, +do_/dy,
oz_ ................. .... ................. ............ ..... ;\} ) ( )_ dG(l+)/dn —dO(l_)/dT]
DS T S DU e e T do 1dn +do () dn

e e N T

generated rapidity[y, & n.] More on the lepton asymmetry later... 7
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Lepton and W rapidity
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 New Analysis Technique



Analysis Technique (l):

New Approach P

Q: How to reconstruct y,?

Measure W * rapidity==»|y, =ln(

P -E e
e

Use W mass constraint

solve eqn. |v; - (£,+E,) -(F+R)’

can’t measure !!!

answer : P, P,

DevelOp the Welght facto rr Probability of angular distribution

Wiz = " " —
P.(cosb;,y,, p;" )0, () + P.(c0s6;,y,, p;" )6 (y,) b Differential W

@OS Hiz’ylza 0. (y,)

* |terate the method to remove input bias

Cross section

— Shown it does not depend on assumed charge asymmetry



Analysis Technique (ll):
W production from the sea

The W production probability from angular distribution
[cosO : in Collins-Soper frame (W rest frame)]

/ 70000 [~ T T T T T T T T T ;‘L,_zooz---
W+ \Y 60000 W_event 9%
Y ——quark ; 160¢
S0000F ~anti-quark 140p
________ - - -—-—-—-- - — L= 120F
~ o IR AY A (A i 100f
30000F N . 8oL
at W rest frame - — w o — . -
20000 <-P->+G. <P - S0F
c+ C ~ M, ] r
10000F e g e o
C "‘m:’:““"m’ : 20¢
0""'%«\!@@“7"?’?*1--!!!--!!1-\7?‘?" W [}
-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1 -3
coso*
P.(cosO ,y,,p; )=|(1FcosO ) i w (1=cos0 )
. . . <p>+g<p> +
Sign of V-A angular bias flips I=p=r4=p =~ 1=p>%q=pP~=
when Wt is produced from . lar distribut b ranidi
anti-quarks ratio of two angular distributions at each rapidity
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— take this fraction as an input



What is input?
What is measured?

 |nputs from theory:

— u+d gnd 9owp=>W'X) do(pp =W X)
+d dyy dyy

u

OO+ _ W Charged Rapidity
. + . 40000 — e
s00005% W event : EOW- W+
r ., ] 35000 — K..'
o ——quark ] E ;
C i, WO ] 30000 | ]
500001, ~anti-quark -
- ] 25000 [
40000 ] E
- . I 20000 [
30000 Sy PGP > 15000 -
L “ A// g F
200002 ,, . 10000 |
- g<p>+d<p> : 000 -
10000 < e - ok Ll ) e
C \L T -3 -2 1 0 1 2 3
0 [ ida "fh‘i\:J i 111 111 111 111 I 1 ol W Rapidity{yw]
-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1

cosH*



What is input?
What is measured?

measuring

asymmetry

assumed
sample

Input /reconstruction
P>
data
wyl | W, new assumed
sample Yes No

* QOutput from iteration:

do(pp =W X) do(pp =W X)

dy, dy,

(yW) - do(pp =W'X) do(pp =W X)

Method documented in:

dy, Ay,

the closest
asymmetry to data

l— Thesis student

A. Bodek, Y. Chung, E. Halkiadakis, B. Han, K. McFarland,

Phys. Rev. D 79, 031101(R) (2009).
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Outline

« Signal, Background and Corrections
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Tevatron & CDF Performance

Initial Luminosity (x 10*° cm2s)

Integrated £ 350
. 300—
Total delivered: ~6.6 fb-1/expt I
(as of May 1st) 200E- E
Total recorded: >5 fb-" /expt 1505 E
100 =
Luminosity (pb™) 505_ _f
N L O A 0 ER Rk it ST U Y S N
70005 = 1?)00 ; 20|00 30|00 40|00 5000 60|00 70‘00
6000— - store number
5000 =
4000— -
fooo= M / ~ ... Record peak £ ~3.5x103%2 cm-2s-*
= i—v—_“'!/ R A N A I B S I e
1%00 2000 3000 4000 5000 6000 7000

store number

This analysis: 1fb-"
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W —ev event selection

Electron selection * Neutrino selection

— Isolated EM calorimeter energy —Determined from missing

— Transverse Energy transverse energy
E;> 25 (20) GeV in central missing E; > 25 GeV

(forward) detector

5] : n=-In(tan(8/2))
DRIFT ——] -
CHAMBEBO ]

Electron _
n=2

“central™: |g|<1.1
“forward™ |n|>1.1

END PLUG HADRON CAg OFIMETER

' Forward:
TR “_‘T”"‘ LI TTTTTT
;,j-gi:bu 15 20 25 a0 p out to |T]|<2 . 8

SV " INTERMEDIATE
5LAYERS  SILICON LAYERS

~538K events in central and ~177K in forward

00

Hadronic recoil

U
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Electrons and Missing Energy

EleCtronS CDF Run Il Preliminary with 1 fb™ ]
« Have charged particle track. |
60000 |- b S ]
* Leave almost all of their energy | H—h:::'d;'a ]
in the electromagnetic calorimeter. o jf . :
« Ask for no other nearby tracks i
—  We do not want leptons from ¢ X

(heavy flavor) jets. oA
95720 25 30 35 40 45 50 55 60 65

E;(GeV)

Missing E; :

Measure “Missing Transverse

CDF Run Il Preliminary with 1 fb!

Energy” with transverse energy .. S e
balance. 7 Lo wooram |
EM and hadronic components I net2
measured in calorimeters ﬁ ]
Corrected for jets 1

100003 L
Scale and resolution tuned on 1572025 30735 40 45 50 55 60 65

E(GeV)

Z —ee data.
W recoil energy also tuned on data.

25000F
20000
15000
10000

5000

22000F
20000
18000
16000
14000
12000F
10000 F
8000F
6000F
4000F
2000F

CDF Run Il Preliminary with 1 b

ol

—E—W—>e' + bkgs]|

E=qcp

|

J

—— W e} data -

J

1.2 < n| < 2.8

T
:

-

T

§5720 25 30 35 40 45 50 55 60 65

E;(GeV)

CDF Run Il Preliminary with 1 b

e

T e ¥ B

-

== 0ep

]

L =W ey.data.. ]

1.2 ¢ <28

L

-l

L

L"-Lﬁ...

§5720 25 30 35 40 45 50 55 60 65

Er(GeV)
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Backgrounds (l)  recnmiaue:

use extra energy “isolation” around electron to
. . . separate, and fit shape to background fraction
e Measure jet backgrounds directly in data 2 2 3

e use extra energy “isolation” around —*”
electron to separate, and fit shape to S .
background fraction
o |llustrative fit (one of many) below ﬁ %
use jet sample to predict measured
“yw and charge from this sample H . H

e \uncertainty is ~0.15% of total sample fr‘:;?: gfg;fgsecay E;ﬁrggﬁﬁ'jets
CDF Run Il Preliminary with 1 fb™ are isolated. are non-isolated.

> s Eg T T I I —gignal

8 25§< ET<3;5 . |— background 500
< (12<hi<28) | data F R N L R S A
B 10° oo e oo | prediction 5 | — ........................ ;.C.DE..Ruq.ll.Erelimjnary........L.gE.i.fb....._:
sl : : : : : : : 3 S - : -
5 (TR S — S 3 SR S— S— 3
S L8k |l = : ' z =
(1] 10 [71]11] SRS SR +._§_.+ ’-{.L}' OO PR: SRR —
400 ,;fi* ........... 2 SN S E
102 ............................. E + : "i" 3
300:_ ..................................... r-i—a ................................. _:
200 e Jp— + T -
= &+ —=— Jet fakes W rapidity: HH 3
100 - - QCD frafction uncert:ainty HH 3
— - . . 1 . . . 1 1 . . 1 . 1 ' 1 . 1 I'_I._‘ - =
2 4 6 8 10 12 14 16 18 — - 0 3 2 3

Abs. Isolation(GeV) W rapidity



Backgrounds (Il)

A number of additional minor backgrounds from MC simulation:

e Z—e'e,Z »1'T

- Standard model top pair production— very small cross-section ( < 10 pb)
- Negligible

« Dibosons: WW and WZ diboson production — very small cross-sections

(<10 pb)

- Negligible

« W —Ttu—euu : Not background - included in acceptance (signal!)

Backgrounds central plug
Z— ete 0.59 £ 0.02 % 0.54 £ 0.03 %
Z— 1T 0.09 £ 0.00 % 0.10 £ 0.01 %

QCD 1.211£0.14 % 0.67 £0.12 %

(Signal) W — 1y 2.30 £ 0.04 % 2.04 + 0.05 %

19



Electron Charge Identification

Charge identification is crucial for (TR
this measurement. R=29 cm | /

Forward tracking has fewer points at -\ | /=
shorter lever arm

——

Port Cards
. //»\3’
Measure charge fake rate using \--.LL-,/ o

Z —e*e data sample _ {———Hj'- p
(background subtracted)

N 90 cm

same sign
fmis - 0.25

N + N

opposite sign same sign

0.2

And then determine the

charge fake rate as a function
of the reconstructed charge and
the weight factors.

Charge Fake Rate

o

=

]




Acceptance

e Correction for the detector
acceptance

> w )
do* /dys"

e Trigger and electron ID
efficiencies are also addressed
to correct detector acceptance.

e Response Matrix :
detector smearing

P( observed in bin 7 and true value in bin 7 )

Rt =
Y P( true value in bin 7 )

= P( observed in bin ¢ | true value in bin j )

0.5 L IR S S 3
- —*— W acceptance 3
0.45F - 3
I —e— W acceptance 3
0.35F P -
0.3; ~.-+-.- -.-.-'.' ;
= - e =
0.25§ P e E
0.2F E S S S =
C - =
045 B
- —— - - 3
0.1 - - 83
= o - =
0.05F 8= S
Bt i i e
-3 -2 -1 0 1 2 3
W rapidity
Response Matrix yh(P: e P,)
c 3 -

reconstruced y

............... I:.. ............

1 111 1 : 111 1 l 1111 l 11 11 l 111 1
2 4 0 1 2 3
generated A
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 Uncertainties

Outline
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Uncertainties

Statistical:

» Unfolding could correlate the statistical errors in
nearby bins

 The statistical correlation coefficient between bins is found
to be < 0.05.

Systematic:
« Detector response
- energy scale and smearing for electron and recoil
- efficiency to find electron and pass missing E cut
« Reconstruction & Backgrounds

« Uncertainties on charge fake rate and background
estimates

« Inputs

- PDF uncertainties (CTEQG6 PDF error sets) for total W
production and quark/anti-quark fractions

23



Evaluation of Systematics

» Derive result with shifted parameters
« Example: effect of PDF’s on Q factor (sea/valence quark ratio)

20000 ! ! ! =
18000 - default PDF E
reoool- — CTEQ6M error PDFs E ~ 0182 T ]
14000 £ - l\g = ‘m _
2000 E e R T o o o S =
10000 i— __—¥ quark —E K [~ ]
8000 [— — s errrrernaanenens L SO LA PO S —
oo antiquark g M e e -
4000 i m : 5 : : : e -
2000 T - q>-> 0.146 75 vrtrees .l. """ [ I T R —
v v S SN < NN Rt L A % S A N E
cosf’ in proton <P e s
0142 i M L - S— N SO — I _—
‘ T : L) ] : : : E -
20000 — = . " : : . Z
18000 E- default PDF B e S . SRR . ST . _
16000 F— —— CTEQ6M error PDFs - . . ; -
14000 |- 0138 oo I eeeeeeeessummnefosssssasassssacpese .
12000 ' : :
10000 [ anti-quark [~ _
so00- R ] e . R R . =
6000 - ]
4000? 0.1 34 - I l l Loocboob-. -I- 4...1..1--4-- 4-..1.-;- l l ]
—— - 0 5 10 15 20 25 30 35 40
T .08 -06 -04 02 0 02 04 06 08 1

cos6’ in anti-proton

The effect of the 40 error PDFs
from CTEQ on the cosbx* distributions
in the proton (top) and anti-proton (bottom).

PDFs 40 sets

The average ratio of anti-quark to
quark for each of the 40 error PDF sets.
24



A Asymmetry(%)

A Asymmetry(%)

Systematic Uncertainties

Systematic Uncertainties from Q factor
4 lllll

4.Syst,..°:/,4er.ror. ..... ."

éCDFRunIIPrellmmary L=1fb"
) S NI N e B N

i3 2 A 0 1 2
yW

Systematic Uncertainties from Charge Fake Rate

(=
lllllllllllllllllllllIll[llllllllllllll
IlllllllI|IIII|IIII|IIII[IIII|IIII|IIII

w

AT T T T T T
: Total Stat % error

’
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA L
................................ ¢

.
N
.

..Systw."{/o.error. ..... ‘.'

IIllIllllIllllIIlllIIlIlIIlIIIIlIIIIIII

_4—||||i1111|||||i||||||||||||

3 -2 -1 0 1

<
w

3

A Asymmetry(%)

A Asymmetry(%)

Systematic Uncertainties from Electron ID Efficiency
4 ""!""!""I""I""!""

- Total Stat % error

|IIII|IIII|IIII|IIII|IIII|1III

'-z""-1""o' 12

Systematic Uncertainties from Recoil Energy
4 ""!""!""I""I""!""

- Total Stat % error

v

w IIII|IIII|IIII|IIII|IIIIIIIII|]III|IIII

R SO I:l Syst % error .......... fo

. H : g

o
IIII|IIII|IIII|IIIIIIIIIlIIII|IIII|1III

b

'-2""-1""0' '1""2"'

=
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Systematic Uncertainties

Total Uncertainties on W Charge Asymmetry
4 A L L L L

At T 9.t.a.l..§t.a.t....°@..9.r.(9.r. ................................. ‘3

- £~ ‘ ' -
°\° ) S e, ..Total.Syst...%..errOr...............,f .......... S
g - ; -
E' 1 Tael S——— =
4 - TTheneees : samsenen .
£ of ‘ =
E F LesemmmaS T e -
Y Klmm e SRR S —
N - = ]
< .2:_ ..... - -o' ................................................................................................................... _:
Q : ‘o‘ 'c :
Y — T X S S -

- i CDF Run Il Prellmmary L 1fb 3

4C i I I BT S .|. -

- -2 -1 0 1 2 3

<

=

Systematics <1.5 % for |y,,| > 2.0
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A Asymmetry(%)

Effect of Input PDFs

Parton Distribution Functions

Studied effect of how W charge asymmetry

measurement depends on input valence

quark, sea quark and gluon PDFs

Below we show the x range for which we

find the largest differences in the
measured W charge asymmetry

Note that the effects of even these large

changes in the quark and gluon

distributions is small (< 0.003) compared
with the statistical uncertainty (> 0.004).

Effect of valence quark PDFs
T T T T T T T T T T T T ] T T T T

==+ Total Stat. % error
A 0:0242012 X € 0:03853
4 0.03853i< x < 0.06135
0.061351< X < 0.0977¢

4 0.09770:< x < 0.15557

LLLL L i i i

GoF Run i pretiminary [ L =11

COITTTTITTTTITTTT T ITT T[T IT T[T ITT [T TTT 1717

2 a4 0 2

Ew

effect of increasing
valence u+d by +5%

A Asymmetry(%)

— 2 T T ||,.||||| T T ||||||_
NU‘ —— u,,(x) : MRST2006NNLO ]
X 18 —— d,,(x): MRST2006NNLO ]
8RB (%) MRSTZ006NNLO ]
Y| AN S S SESE Gyealx).: MRST2006NNLO. ]
------- gluon(x) : MRST2006NNLO ]
1.2 y ]
1

0.8 c

0.6 i
0.4 " N
0.2 S /f\/_ \ ]
0 %—'—’Tﬁ [N ||'|‘| :'.:-_,_il\l&“:
10" 10° 107 10" 1

X

Effect of sea quark PDFs

0.02420' X < 003853
4 0.03853i< x < 0.06135

T
=== Total Stat. % error

& 0.05135§< x <0.09770

]
w

effect of increasing

sea u+d by +5%

- A 0.09770i< x < 0.15557 =
:-!7—-&_ - > -r-—--L & . ane—y e R R e :
o s o A
= AR . oAt 3
e CDF Run Il Preliminary |'L="1fb =
-2 -1 0 1 2 3

yW



« Results

Outline
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CDF Result (1fb-)

CDF Preliminary Run Il 1 fb™

0.8:1 T 11 LI |'| 'I T IJ‘ T T |A1| T T 1 |: 0.8_1 R R R R I T TR REE I
T CDF Run Il Preliminary | L=1fb ] - ——&—— CDF 1 fb" data(stat. + syst.) .
0-6 -_ rediction A atm = X __
? - 1 datsa(stat.+s!yst.) - g 0,7: NLO Prediction(CTEQ6.1M) atm = 80.4 ]
QE" 0.4F NLO prediction(GTEQS.1M) - GE’ 0.6:—: PDF uncertainty(CTEQG.1M) =
= C | poF uncertainty(CTEQ6.1M) ] = - .
0.2 = 0.5 .
> - s C ]
7)) - N 0 - ]
< o < o04F 3
o C Z o C .
B i o o -
9-0.2 E 0.3¢ ]
.‘CU L i = C ]
o ‘0.4_ ] o 0'25 E
= - ] = 0.1F -
-0.6[; i - .
- = 0.'--111111|||||111111|||||1|111_

-o 8_I 11 | I | 11 1 I I | | I I | L1 1 I_ 0 0;5 1 1;5 2 2;5

=3 -2 -1 0 1 2 3 | I
W boson rapidity Fold Yw

< p direction p direction ﬁu Precision much better

than error band!
« Positive and negative y,, agree, so fold

« The combination of the asymmetry accounts for all
correlation for both positive and negative bins in y,,.

 Compare to NLO Prediction 29
— NLO error PDFs (CTEQ)



Phys. Rev. Lett. 102, 181801 (2009).

C DF Resu It ( 1 fb-1 ) Recently published in PRL!

Compare to CTEQ6M (NLO) and

MRST2006 (NNLO) PDFs and . =« CDF 11b" data(stat. + syst) E

qg’ 0.6 [ | PDF uncertainty(CTEQ6.1M) =

€ .5 E

> 0.5¢ -

n n 2 E E

Precision much better < 04 E

| 2 03f =

than error band! s O -

5 0.2 =

= o1 =

CTEQ6 NLO:P. M. Nadolsky et al., o_g:_ BRSSPSR = f

Phys. Rev. D 78, 013004 (2008). > _F 7 CDFifbidata(stat. + syst) E

= 0.7¢ NNLO Prediction(MRST2006NNLO) -

CTEQS error PDFs: D. Stump et al., E 0.65 ] PDF uncertainty(MRST2006NNLO) E

J. High Energy Phys. 10 (2003) 046. > 0.5 * 5

< o L] ]

A —

NNLO Prediction: C. Anastasiou et al., g, 0 - 7z .

Phys. Rev. D69 , 094008 (2004). s 9-3F : E

S oz E

MRST 2006 PDFs: A. D. Martin et al., = oib ¢ E

hep-ph/0706.0459, Eur. Phys. J., C28, g o | e
455 (2003). % 0.5 1 1.5 2 2.5



Outline

« Comparison to latest results from D@ and status of
PDF fits
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Asymmetry

0.2

-0.2

-0.4

Latest Lepton Charge Asymmetry from DJ

A4,m)=

do(l*)/dn -do(l")/ dn
do(l*)/dn +do(l")/dn

-0.6 =

~
~
~
=~

W—ev | The measured charge

. L =0.75fb" asymmetry tends to be

' lower than the theoretical

I DO, L=0.75 fb' \ w predictions for high In_l.

- ES>25 GeV X

— E;>25 GeV

B CTEQG6.6 central value

- MRSTO4NLO central value CTEQ6 NLO:P. M. Nadolsky et al.,

B CTEQ6.6 uncertainty band Phys' Rev' D 78! 01 3004 (2008)'

i [ CTEQ6 error PDFs: D. Stump et al.,

[ | | i | P I T N T I .

0 0.5 1 15 > 55 3 J. High Energy Phys. 10 (2003) 046.
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PRL 101, 211801 (2008)

MRSTO4NLO: A. D. Martin, R. G.
Roberts, W. J. Stirling, and R. S.
Thorne, Phys. Lett. B 604, 61 (2004).
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Latest Lepton Charge Asymmetry from DY

Also measure the asymmetry in two bins of electron E;
— 25 <E;<35GeV and E; > 35 GeV
For a given n, the two E; regions probe different ranges of y,,
For higher E-, electron direction closer to W direction
Anti-quark term enhanced at low E;
Can provide some distinction between sea & valence
Improve sensitivity to the PDFs

.

cosf* = \/1 — 4E2 /M2,

ngle between lepton and proton in W rest frame

|

y=yw £ =In

1
2

(

1 + cos 6*
1 — cos 0*

[ do(IM)/dm—do(17) /dy ~ u(z1)d(x2)(1—cos 0%)2+d(x1 )u(x2) (14cos 07)? —d(z1 )u(x2) (14-cos 9*)2]

: 25 < E;

i < 35 GeV
: (a) D@, L=0.75f' %

[ 25<E%<35 GeV

. E}>25 GeV

i CTEQG6.6 central value

I MRSTO04NLO central value

B CTEQG6.6 uncertainty band

- 1 1 I 1 1 1 L I 1 1 L L I 1 L 1 1 l 1 1 1 1 l L 1 1 1 I 1
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(b) D@, L=0.75 fb'
E;>35 GeV
E;>25 GeV

CTEQ6.6 central value

MRSTO04NLO central value

CTEQ6.6 uncertainty band
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L atest fits from MSTW

CDF data on lepton charge asymmetry from W—ev decays

Latest fits from MSTW do not use the latest

Tevatron results just shown. They use: ~, 04 v
_ 1 S o03f 25<E;<35GeV, E;>25GeV, 50 <M <100 GeV
DG Run Il, W — uv, 0.3 fb .

— CDF Run Il, W — ev, 0.17fb" 01
Show anti-quark discriminating power at low E;

-0.1 CDF Run Il (11 points)
-0.2 MSTW 2008 NLO PDF fit,;? = 9
A.D. Martin, W.J. Stirling, R.S. Thorne, G. Watt: O — Same bt o amtuarks

04— = oot MSTW 2008 NNLO PDF fit, * = 11

arXiv:0901.0002v1 [hep-ph] 05

""""" CTEQ6.6 NLO,? =10
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.Al‘..m..w...l...l‘..1...1‘..1.,.1,‘.1":-..|,JA

-0.6
| DO data on lepton charge asymmetry from W—uv decays 0 02 04 06 08 1 12 14 16 18 2 22 |1]2|'4
e
= 0.2r
s - v
4 - p}>20GeV, E;>20 GeV, M, > 40 GeV oa
05— T = F
B : < 03
T 0.2~
01— ' =
N 0.1
: -0 :
0.05 DZ Run Il (10 points) 0.1 CDF Run Il (11 points)
B MSTW 2008 NLO PDF fit, 2 = 25 0.2 E_ MSTW 2008 NLO PDF fit, % = 20
(] — T Same but no antiquarks 03 E_ .................. Same but no antiquarks
1 it 2 = -
N MSTW 2008 NNLO PDF fit, * = 25 Y MSTW 2008 NNLO PDF fit, ;* = 19
-0.05(— | mrmeee- CTEQ6.6 NLO, 2 =15 -
- Y S Lt CTEQ6.6 NLO, 7% = 16
B oeb Lot e e e e e b e e 1
-0 b 1 1 I 1 1 L l L 1 L l 1 L 1 I 1 1 L I L 1 1 I 1 1 L I 1 L ' l 1 1 L I 1 1 L . o 0.2 0.4 0.6 0-8 1 1.2 1.4 1.6 1-8 2 2-2 I 2I.
: 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2 e
| CDF Runll, W — ev, 0.17fb"" 34

DZ Runll, W — pv, 0.3 fb™! PRD 71, 051104 (2005)
PRD 77, 011106 (2008)



Comparison of latest CDF &
D@ measurements

Both latest CDF/D@ data should be providing improved d/u constraints
but life is never that simple...

| —— T T ' T T T ] T T T T [ T T T T [ T T T ]_

0.2 — —

- N H _
@ 01— —
£ r i .
> % 7
7)) or -
< r E
Q@ 01— ; _‘
o - CDF Runll Preliminary 1 fb™" data .
e MC@NLO with CTEQEM .
O -0.2 '__— —
- DO Preliminary 0.75 fb™' data N

_0.3 C 1 I 1 1 L l 1 L 1 1 l 1 1 L 1 l L 1 1 L ]_'

0 0.5 1 1.5 2 2.5

<|r|e|>

Note:

— CDF provides stat. only n, data above for 1fb-"

— Distributions not broken down in E; bins
For 0.8 <n, <2.0: DY data below CDF 35
Investigation ongoing ...



Conclusions

CDF Preliminary Run Il 1 fb

o
[

* First direct measurement of JARARRPAD o o
W Ch a rg e asym m etry NLO Prediction(CTEQ6.1M) at m = 80.4

. vy é_: PDF uncertainty(CTEQ6.1M) _ é
— despite additional °F |
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complication of multiple
solutions, it works!

— appears that it will have
impact on d/u of proton

W Charge Asymmetry
SHE-
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« Compare to CTEQ6M (NLO) and x
MRST2006 (NNLO) PDFs and R - B IR R T
their uncertainties Iyl

 Both experiments working with PDF fitting groups to
incorporate results and understand differences
Measurement: Phys. Rev. Lett. 102, 181801 (2009).
Thesis of B. Han: FERMILAB-THESIS-2008-15
Method: Phys. Rev. D 79, 031101(R) (2009).




