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:| Outline

= W Asymmetry and relations to PDFs
(Better to look at W-/W+ versus y)

= New technique used in CDF : Unfolding the W-
lepton Charge Asymmetry to extract the true W-/W+

charge asymmetry versus y. (also extract do\\V/dy
distributions so one can measure oZ(y)/cW(y)
versus y.

= Implications of W Asymmetry measured at CDF to
the LHC , PDFs and Deep Inelastic scattering.



Why measure \Wasym
i_dAJﬁ_béﬁiuse dvalence <Uvalence

1.

At the LHC W asymmetry versus y yields the absolute
value of d/u at small x.

At the Tevatron the W asymmetry versus vy yields the
ratio of d/u at large x1 to d/u at small x2.

The Z/W ratio versus y yields information on the strange
quark sea at small x.

The above three pieces of information combined
constrain PDFs so that we can use W and Z events as
luminosity candles.



pbar-p at the Tevatron
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For pbar -p Tevatron

W-/W+ = ratio [d/u(x1) at larger x1 / d/u (x2) at smaller x2]

W-= Cos2 [ d(x1) u(x2)+ ubar(x1l) dbar(x2) +s(x1) c(x2) +cbar(x1l) sbar(x2)]
W-= Sin2 [ d(x1) c(x2)+ ubar(x1l) sbar(x2) +s(x1) u(x2) +cbar(x1) dbar(x2)]
W+ =Cos2 [ u(x1)d(x2)+ dbar(x1l)ubar(x2) + c(x1)s(x2) + sbar(x1)cbar(x2)]
W+ =SIn2 [ u(xl)sx2)+dbar(xl)cbar(x2) + c(x1)d(x2) +sbar(x1l)ubar(x2)]

’{L(:{:i)d(wzj u(wz)d(:ﬂi) In terms of Cos2 and sin2 of Cabbibo angle

vvvvv

Note x1 range at the Tevatron overlaps x range of muon
deep inelastic scattering data on hydrogen and deuterium




For p-p LHC

‘L W-/W+ = absolute value of d/u(x) at small x

W-=0.949 [ d(x1) u(x2)+ u(x1) d(x2) + s(x1) c¢(x2) + ¢ (x1) s(x2)]
+ 0.051 [d(x1) c¢(x2) + u (x1) s(x2) +s(x1) u(x2) + ¢ (x1) d(x2)]

W+ =0.949 [ u(x1) d(x2)+ d (x1)u(x2) + c(x1) s(x2) + s(x1)c(x2)]

+0.051 [ u(x1) s(x2) + d(x1) c(x2) + +c(x1) d(x2) + s(x1)u(x2)]

In terms of Cos2 and sin2 of Cabbibo angle

For most of the region, d (x) = ux) = qx)
[d(x1) + d(x2)*q(x1)/q(x2)]

[u(x1) + u(x2)°q(x1)/q(x2)]

Atsmally: xI1=x2 g(x1)/q(x2) =1
W-/W+ =~ [d/u (x1) + d/u (x2)]*0.5

Note: X1 at the
LHC overlaps
range of X2 at
the Tevatron

Atlarger y: g(x1)/g(x2) << 1 since x1 is large and x2 is small

W-/W+ =~d/u (xI)




Parton Distribution Functions

va,(x) MBSTEOUENNLO
d, () : MRST2006NNLO
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In General, W-/W+ and Z/W ratios are much less sensitive to
QCD order. All have similar K(y) factor that convert LO
distributions to NNLO (as long as NLO or NNLO PDFs are used in the LO code)

1.0 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
- Tevatron: Higher order corrections move \[_@
L events from high y to lower y, because of __
B gluon radiation (small effect) .
0.5 —

_1_0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1

High precision QCD at hadron colliders: Electroweak gaug.% boson rapidity distributions at NNLO.
C. Anastasiou, L. J. Dixon, K. Melnikov , . Petriello. Phys.Rev.D69:094008,2004.



=V-A impacts
=\W production kinematics
=\W decay kinematics

P=(1+cosf")

== 0

-------- 0y eneeeef

at W rest frame

ot V

% at W rest frame

Unfolding W Charge Asymmetry at the Tevatron
u quark carries more momentum than d quark

<—anti-proton direction proton direction—
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Unfolding the W Charge Asymmetry at CDF

New analysis technique to measure the W production charge asymmetry at the
Fermilab Tevatron” A. Bodek, Y-S Chung, B-Y Han, K. McFarland , E. Halkiadakis, Phys.
Rev. D 77, 111301(R) (2008) ; B.Y. Han (Rochester- CDF PhD 2008)- update Aug. 6.08

Wasym CDF data vs theory
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The decay lepton asymmetry averages over a range of y w.
Information in Et, and missing ET is not used at all !

—— Wproduction charge asymmelry g " -
[ ; : 0df-
" —— Lepton charge asymmelry ..? E 35< Et<45
e —— A
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HE el &,
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[ : |
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: i !" ‘EA i
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The larger the lepton Et, the closer is the lepton Asymmetry to the W asymmetry
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Unfolding the W Charge Asymmetry -
use all the information (Et, MET, eta) in each event
There are only 2 y w solutions for each event..

alysis method: Number of W= vs y,,
= Use ME- for P,: missing P,!
= Use M, constraint to get 2 possible y,, solutions

= Weight each of them depending on:
Angular distribution cos6* in We event cost* in W ovent

P.(cos0",y,,p," )= A{l(1Fcos0) + 0@y, py Y1 £cosO )} — *0F so

W cross section B 8000]_

P._(cos 91*,2,),1,2’ pTW )o, (yl,z) 7000?— q(p)+g(g) 7000 q(p)+g(g)

wt,, C valence'

27 P (cosO,y,, p, )0 (3) + P(cosBl,y,, p, Vo (v,)| w0 alence"
5 - p)+q(p
- Dependson A w! =% a(p)+a(p) )+d(p)

« o) [terate! oo s
= Araw = Age: Corrections:
M ET 1000;— K 10005
Acceptance and smearing - e S e Y
We show in Monte Carlo that the cos 0* cos 0"

Process converges 12



CDF 1 fm-1- W charge Asymmetry extracted from W decay
lepton asymmetry (BY Han PhD Rochester-CDF 2008) updated

Wasym
O O O O O o o o o o
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Wasym CDF d

ata vs theory

Both PDFs constrain d/u with

.0000 T T T T T T
u(z1)d(zs) — ulzs)d(z1) muon DIS and DY deuterium data
.9000 - Alyw) = but these have uncertainties
u(n Jd(za) + uza)d(z1) _
8000 | | W- __ dl@1)/u(z1)
.7000 d(z2) ulz2) ~ diz1) ulz:) + WI' ~ - | :
d(z2)/u(z2) + d(21)/u(21) (e )l
.6000 - / ( "3)" ( 3)
/ 0% Wsym CDF Data
.5000 7 CTEQ6.1M
/% MRSTO6NNLO
.4000 7/
/ +
.3000 {? +
%
.2000 £
1000 These new data are not included in current PDF fits,
' but previous CDF W-lepton Asymmetry data are
rd
.0000 included. However, the W-lepton asymmetry
0 1 averages the W asymmetry over a range of yw.
Yw

Note, | have corrected the CDF data to W=80.4 GeV

13 13




Note, | have corrected the CDF data to .
W=80.4 GeV for <Yw> each bin. So
this is my own analysis. The official

CDF data shown below is given for a

different <Mw> for each y bin

(because of the Et and MET cuts and '*

10°

10°

[IIII|T|'| |Il|l[ll| [||l||||| Illlll'lTP

Generation Level

Reconstruction Level

IIIIIIII| IIIIL[HJ IIIIIUJJ IIIIIIII| IIIIIIII| IIIIILl_-d

detector acceptance.) One 0% i~
alternatively can calculate the theory 1o} |

. . . (o] 50 100 150 200 250 300

prediction for <yw> and <Mw> in each W mass (GeV/c?)
bin and leave the CDF data as below.

| CDF data CTEQG6.1IM (CTEQS3L)

: <|yw | > Alyw) £ o | < |yw| = < My > Alyw ) “': e
0.0-0.2 0.10 0.020 £0.003 | 0.10(0.10) 81.04(81.04) 0.014(0.016) 142122
02-04 0.30 0.057 £0.004 | 0.30(0.30) 81.27(81.27) 0.046(0.050) 1.25(1.15)
04-06 0.50 0.081 +£0.005 | 0.50(0.530) 81.37(81.37) 0.084(0.083) 0.96(0.96)
06-08 0.70 0.117 +£0.006 | 0.70(0.70) 81.33(81.33) O0.118(0.120) 0.99(0.97)
08-1.0 0.90 0.146 0008 | 0.90(0.90) 81.13(81.14) 0.157(0.1538) 0.93(0.92)
1.0-12 1.10 0.204 +0.009 | 1.10(1.10) 80.63 (80.63) 0.196(0.196) 1.04 (1.04)
12-14 1.30 02350012 | 1.30(1.30) 8092(80.92) 0.240(0.238) 0098 (0.99)
14-16 1.50 0.261 +£0015 | 1.49(1.530) 8091 (80.92) 0.282(0.283) 0.93(0.92)
16-18 1.70 0.303 £0014 | 1.70(1.70) 80.79(80.79) 0.330(0.335) 092090
1.8-2.05 192 035540014 | 1.91(1.92) 80.54(80.55) 0.387(0.389) 092091
205-23 2.16 0436 +0.016 | 2.16(2.16) 80.09 (20.10) 0.456 (0.456) 0.96 (0.96)
23-26 242 053740018 | 242(242) 7949(7949) 0.545(0.536) 0.99(1.00)
26-30 2.72 0.642 +£0026 | 2.71(2.71) 7870 (78.63) 0.650(0.623) 0.99(1.03)




The recent Dzero “lepton” asymmetry implies an even lower
W Asymmetry and a larger difference from MRST2006nnlo

than implied by the CDF data (plot from Thorne).

A(ly, 1)

—_t
T

- Using Vrap with different PDFs

CDF Run Il with 1 fb™

. ——— MRST 2006 NLO
e NLO fit without DO\W—ev

Weight D high E elors by 5 . / |

—0.7000

Wasym

1.0000

0.9000

0.8000

0.6000

0.5000

0.4000

0.3000

0.2000

0.1000

0.0000

Wasym CDF data vs theory

N \ + Wsym CDF Data
— CTEQ6.1M
/# — MRSTOSNNLO

Yw




w-,w+ bBetter to look at W-/W+ (updated)

|
W- _ dz1)/u(z1)

2.. CTEQ6.1M fits CDF data, but

‘&\{/ may be tuned further by CDF data

— MRSTO6NNLO

CTEQ6.1M

Both PDFs use revious CDF W-
lepton Asymmetry data.
However, the W-lepton
asymmetry averages the W
asymmetry over a range of yw.

Small x d/u ~1 1. Both PDFs constrain d/u
\ with muon DIS and DY
0.9 & deuterium data -but these
\ data have uncertainties
0.8
0.7 X\%
0.6 \\i
z
T 0.5 N
£ ANY
0.4 {| 3. MRSTO06 requires \\i
more tuning \
0.3
0.2 N
4. We can tune *
01 | | d/u(x1) or d/u(x2)
0 L] L1 ] |
0 1 2
Yw

Large x d/u~0 or 0.2

5. If we tune to Dzero “lepton” asymmetry data, we need much more tuning
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LO F2D/F2p (PDF) - F2D/F2p (CTEQ6.1M) Q2=6400

If we could measure F2D/F2p at Q2=6400 how different are the
MRSTO06nnlo predictions from CTEQ6.1M ???

0.02 e
~~ -
% 0.015
S, T1% difference in F2d/F2p o
[11] 0-01 '(‘\10.75
IG ﬁ 97 ILarge x parton distributions.
< 0.005 VA I
NQ 06 - 0.1 0.2 0‘3 0‘4 ols ols ol7 0.8
& 0 / ' ‘ lPortc;nX‘ ‘ ‘ '
() \\ , / W-/W+ CDF data vs theory
2 -0.005 = — , NE si\

: AN '\ \ / -
(% _0'01 \\ // 0.7 \&
L N / Ny
= A N / ; * \( + W-/W+ CDF
Q -0.015 R\\ B e =
L. - \
002 . L
0.0000 0.2000 0.4000 0.600 o1
Small change in CDF x1 (0 to 1.0) W

F2d/F2p implies F——-MRSRz\ r MRS06nnlo —\CTEQ6.1M)

—— a larger change k

. Older pdf )] (  Two recent pdf's J




L

< In addition to the quoted
experimental errors,
d/u(x1) from muon DIS is
also sensitive to model
dependent nuclear
corrections in the
deuteron

Compare CTEQG6.1M to
CTEQ6.1 M-nuclear ref
(This PDF is CTEQ6.1M
with d/u changed to fit NMC
muon D2 data with nuclear
density corrections)

*+ W-/W+ CDF
——d/u (x1) + CTEQ6.1M nuclear REF — CTEQ5L

W-/W+

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

%

—Nuclear Corrections
W-/W+ CDF data vs theory
1 _

— CTEQ6.1M

Yw
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. MM FEatico Data (With Muclsar Correction) -

T T T T I
0.95 — | |~+ | A& HMMMC Ratic Data (Mo HAacledar Carrection)  —

.S - ?x Dashed — REetit 40 Koo (Wirth Mac. CTor.) —

u ﬁb*hh Solid — CTEQSM (Mo Nac. Cor.) _
0.5k — \*\\
J CDF x1

ey
PR B «_ . _
. o8 | al \\

= - | d/u(x1) comes from muon . Nucl. Density corr
Lo o~- | |F2n/F2p R =
o No nuclear
N ) correction
e Large x parton distrnibution|s. used in
S. Kuhlmann., et al.. CTEQ61M or
0.65 HPhys.Lett. B476:291-296,2000 spectral MRSTO06nnlo
| | | | | | |

: F-_'I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T ) .1 o2 .5 [ | 0.5 .5 . 0=
I aarTormn =

o §$£§Q?§%ﬁ;2 E¢/F? is directly related to d/u. | NMC data
alarger change 2F /FY — 1 ~ (1 +4d/u)/(4+ d/u) at high

_ind/u.

|F2n/F2p = 2F2d/F2p - 1| .



Ratio of
electron
scattering for
iron and
deuterium
used to
correct for
nuclear
effects in iron
for neutrino
experiments

/'

o(A) / o(D)

Shadowing
~ area

1-4IIIIIIIIIIIIIIIIIIIII

1.3

1.1

0.9

0.8

n.? L 11

1.2

Fermi motion= spectral function

I Fe/D does not scale with nuclear density
- O SLAC E139 (Fe) ]
% EMC (Cu) What
- | Anti-shadowing 1 | about
~ area nuclear
5 l Binding ~density 1 | effects in
- %Ei the
f% %, deuteron?
- In some
% 1 | regions it
= ——  spectral function - scales
----- spectral function + pions 1 [ with
0102 03 04 05 06 07 08 05 1 |nuclear
¥ density.

Figure 1. Existing data for the EMC effect for nuclei near Fe [1, 2], along with two calculations
by Benhar, Pandharipande and Sick [3]. The solid line is their binding-only calculation, while

the dotted line includes their calculation of the contribution from nuclear pions.
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d/u ratio

CTEQG6.1Mref uses nuclear density nuclear corrections to D2

— Reference fit O = 10 GeV~ -
— CTEQ6.IM

Shadowing | f =
~ area

i ™
Other RS

models i o, Tevatron -

e

d i

Standard Pl

CTEQ6.1M 7= - —
and TRy

MRSTO06nnlo-
no nuclear
corr.

0 . | . | . | . |

d 0.2 0.4 0.8 .6 1

R
< >

FIG. 3: Comparison of the d/u ratios from the reﬁrenue fit and the CTEQ&.1M PDFs at QF =

10 CeV=,

X1 at Tevatron/




How differentis d/u in CTEQ6.1M nuclear from CTEQ6.1M, from
MRSTO06 - And what change in d/u(x1) is needed to fit CDF data.

=l

0) 1 H .
10% difference in d/U -1go6.1m) 02=6400 Change in
d/u(x1)
0.1900 needed to fit
0.0800 T
£ 0.0600 T | /,,{_/— - CDF data
% 0.0400 T == T
§ 0.0200 |~ ;F ' 1T o ,/T/T T\\
B . 4}/!- ﬁ // \ \
C 0.0000 — — \ |
= == L
% 0000 | 7 LW d(e) fu(a)
'= -0.0400 ~\\~______,>\/ \ \ Vv~— i~ I
S -0.0600 W+ Y
-0.0800 \ \\ \ d(z2)/u(z2)
-0.1000
0.0000 0.2000 0.4000 \0.6000 0.8000 | 1.0000
0 CDF x1 (O to 1.0)
--—--MRSR2 —— MRSO06nnlo
—--—--Bodek-Yang modified MRSR2 — — CTEQ6.1M with nuclear cor
m  CDF using cteg6.1M d/u(x2) =——CTEQ6.1M
CTEQS5L

Small change in F2d/F2p implies a larger change in d/u.
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| Tuning PDFs to fit W-/W+ data at the Tevatron

The W-asym data are very precise -more sensitive to d/u
than F2d/F2p

We can change the PDFs to fit the CDF data, but have a
choice between changing d/u(x1) within the uncertainties
of the DIS data, or changing d/u(x2) (keeping all other PDFs
the same). Dzero data require a larger change.

There are no precise measurements of d/u(x2) at small x. DIS
and Drell-Yan data on Deuterium vs are used (but what about
shadowing corrections?)

PDFs assume a functional form constrained by (Regge x->0,
d/u->1), (quark counting d/u->0 as x->1), number sum rules
(~1 dyzence @NA ~ 2,,y41ence With QCD) corrections to determine

dvalence -

LHC W-/W+ directly measure d/u at small x

Combined LHC and CDF data constrain d/u & are not
sensitive to nuclear&shadowing corr.
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| W~ dle)/u(z)
CTEQ6.1M fits CDF data, but may be | Y¥=- ~ _ .
tuned further by CDF data eg d/u(x1) W+ d(x2)/u(z2)
updated
d/u (x1) CDF data assuming CTEQ6.1 M d/u(x2) and
CDF d/u(x2) data assuming CTEQ6. 1M d/u(x1)
1 |
E I 3 - - 1
0.8 | |
0.6 K \ Plot versus x1 to tune d/u(x1) red
= = v
\ {L 5
© 0.4 =
. —= : x
0.2 AT =
| /
O |
CDF 0 0.2 0.4 0.6 0.8
x1
CTEQ (d/u x1) - CDF data d/u (x1)
— CTEQ d/u(x2) = CDF data d/u (x2)
—— MRSTOG6NNLO d/u(x1) —— MRSTO6NNLO d/u(x2) 5
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CTEQ6.1M fits CDF data, but may be W-
tuned further by tuning d/u(x2) - updated | W+

d(zy)/u(z,)

r"m‘“‘
r"m‘“‘

—d(z2)/u(xzs)
CDF data for d/u (x2) as/sAZming CTEQ6.1M d/u(x1) and
CDF data for d/u (x1) assuming CTEQ6.1M d/u(x2)
y=0,14 TeV y=0,10 T9'</ y=0,1.96 TeV
1 ——— i
0.8 | bowl ] % l ==
=
0.6 ==
-~ —=
0 g Plot versus x2 tune d/u(x2) red /—
@) 0.01 0.02 0.03 0.04
CDF x?2
CTEQ (d/u x2) - CDF d/u (x2)
— CTEQ d/u(x1) - CDF d/u(x1)

—— MRSTO6NNLO d/u(x1) — MRSTO6NNLO d/u(x2)




Fixing MRST2006nnlo by
changing d/u(x1) updated

d/u (x1) CDF data assuming MRSTO6NNLO d/u(x2) and
CDF d/u(x2) data assuming MRSTO6NNLO d/u(x1)

1 _
0.9 : : 1
0.8 ;éfri\% T :‘h_ i
0.7 Pl | Plot versus x1 tune d/u(x1) red
0.6 *
s | &
~— 0-5 LN i[
© 0.4 e
0.3 _
0.2 .
0.1
CDF © |
0] 0.2 0.4 0.6 0.8
x1
MRSTO6NNLO d/u (x1) - CDF data d/u (x1)

— MRSTOG6NNLO d/u(x2) = CDF data d/u (x2)
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Fixing MRST2006nnlo by either W-

~ d(z1)/u(z)
changing d/u(x2) - updated W+

d(22)/u(z2)

CDF data for d/u (x2) assuming
MRSTO6NNLO d/u(x1l) and CDF data for
d/u (x1) assuming MRSTO6NNLO d/u(x2)

y=0,14TeV | y=0,10 Tev

1 |

——r ;

0.8 *.{'\. [ ] L] N ¥ n ‘- z
206 e
;04 Er

. ,7"

0.2 7 Plot versus x2 tune d/u(x2) red

0 T T — |

0 0.01 0.02 0.03 0.04
CDF

x2

MRST (d/u x2) = CDFd/u (x2) =—MRST d/u(x1) = CDF d/u(x1)
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updated d/u (x1) CDF assuming
CTEQ6.1M d/u(x2)

CTEQ (d/u x2)
CDF d/u (x1)

Fixing CTEQG6.1Mref
with nuclear
density correction
by changing d/u(x1)

CTEQ d/u(x1) with nuclear corr
= CDF d/u (x2)-nuclear corr
/
l/
1 3 i ——
: -#:cx E SIS 3 :'-‘l"‘: T l/
\ - = L //
© 0.5 — /
/l
/l
— v
0O — Plot versus x1 tune d/u(x1) red ———— |
CDF 0 0.2 0.4 0.6 0.8

x1
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d/u (x2) CDF assuming

CTEQ6.1M d/u(x1l) with nuclear

CTEQ (d/u x2)

CDF d/u (x1) assuming CTEQ6.1M d/u(x2)
CTEQ d/u(x1) with nuclear corr

= CDF d/u (x2)-nuclear corr

updated

y=0,14 TeV y=0,10 TeV Fixing CTEQ6.1Mref with
T : nuclear correction by changing
1.2 d/u(x2)
1 1 —
0.8 frIT T =T .
i - ] — x
S 0.6 s ISif
0.4 / o
0.2
0 —/ \
CDF O/ 0.01 0.02 0.03 0.04

X2

Plot versus x2 tune d/u(x2) purple
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W-=0.949 [ d(x1) u(x2)+ u(x1) d(x2) + s(x1) c¢(x2) + ¢ (x1) s(x2)]
+ 0.051 [d(x1) ¢(x2) + u (x1) s(x2) +s(x1) u(x2) + ¢ (x1) d(x2)]
W+ =0.949 [ u(x1) d(x2)+ d (x1)u(x2) + c(x1) s(x2) + s(x1)c(x2)]
+0.051 [ u(x1) s(x2) + d(x1) c(x2) + +c(x1) d(x2) + s(x1)u(x2)]

- _
Q2=6400

W Asym CTEQG.}\QII 14 TeV Simple Formula
Shown are 0.02 errors
Simple formula =#= Full calculation
0.3 A e
- rrrrrrrr N T
025 | Measure W asymmetry !
(unfolded) at LH
z 0.2 \ i
v \ |
E \ 7’
£ 0.15
> \
(/)]
< !
3 0.1 \ !
\
I \ |
LHC o057 B
0
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 Y
Simple formula |0.033 0.033 0.035 0.037 0.041 0.047 0.054 0.062 0.073 0.086 0.102 0.12 0.141 0.165 0.192 0.222
== Full calculation 0.038 0.038 0.04 0.042 0.046 0.052 0.059 0.067 0.077 0.09 0.105 0.123 0.144 0.168 0.195 0.225
Rapidty y
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Compare d/u and 2s/(all sea) for several PDFs
For y=0 at 14 TeV (W production)

y=0

d/u
0.927288
0.940283
0.939349
0.934616
0.933419
0.936695
0.924448
0.881951
0.898151

0.005743 x
2s/(all sea)
0.845418
0.970942
0.858893
0.857605
0.799886
0.839626
0.683733
0.778952
0.690727

CTEQ6.1M
CTEQ6.6M
MRST2006NNLO
MRST2004NLO
ZEUS2005-7]
MRST2004F4L0O
GRV98LO no-corb
GRV94LO no-corb
ALEKHINO2NNLO

only
d/u Asym
0.0377277
0.0307776
0.031274
0.033797
0.0344372
0.0326873
0.0392593
0.062727
0.0536568

Q2

6400
6400
6400
6400
6400
6400
6400
6400
6400
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W-/W+ : CTEQG6.1M simple formula vs full calculation.
cteq6.1M : d/u (y=0, x=0.0056) ~ 0.93 (other pdfs 0.92-0.94)

—d/u (x2) = W-/W+ simple formula —li—W-/W+ full calc d/u (x1)

LHC

0.9 | §=k§§

0.8

o7 #i/u (#(1 \

0.6

N

0.5 0.2 04 06 | 038 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 Y

—d/u (x2) 1079273 0.93720.9459/0.9534 0.9601 0.9656 0.9703|0.9753/0.9784/0.9819| 0.985 |0.9866 0.9886/0.9904 0.992 | 0.993
— W-/W+ simple forynﬁa 0.937 | 0.936 | 0.933 |0.9278 0.9201‘0.9103 0.8977/0.8824|0.8636 0.8411 0.8156|0.78590.7532/0.71680.6777|0.6361
== W-/W+ full calc 0.9277/0.9267|0.9237/0.9186 0.9111‘0.9013 0.8893/0.8748|0.8566 0.8352 0.8107/0.78120.7486|0.7123/0.6735|0.6321
d/u (x1) 0.9273)| 0.916 |0.90330.8891 0.873]]‘0.8554 0.8359/0.8145/0.7911/0.7661 0.7394 0.7114 0.6822 0.6515 0.6193 0.5848




Data with errors are d/u(x1-cms) at LHC extracted

from CDF data assuming d/u(x1-cdf)

14 TeV CMS W-/W+ and CTEQ6.1M d/u (x1-

LHC 6400 cms) and d/u(x2-cms) for y<2 vs CDF d/u
exctracted assuming CTEQ6.1M d/u for x1-CDF
CME 14 TeV

y x1 X2

0 0.0057 0.00574~ 1.1 ‘ ‘ ‘

0.2 0.007 0.0047

0.4 0.0086 0.00385

0.6 0.0105 0.00315 ; | E—

0.8 0.0128 0.00258 o ::}I\HLK

1 0.0156 0.00211 R |x

1.2 0.0191 0.00173 090; 09>/ TR [+ | L

1.4 0.0233 0.00142 in T = invym

1.6 0.0284 0.00116 2 0.8 T | « | W /V\C

1.8 0.0347 0.00095 o !

2 0.0424 0.00078 » | T

2.2 0.0518 0.00064 ./ ‘ — |

2.4 0.0633 0.00052 )

56 0.0773 0.00043 0O N.02 0.04 0.06

2.8 0.0944 0.00035

3 0.1153 0.00029 X1l-cms

y X1 X2 CTEQ d/u (x1-CMS) - CDF d/u (x1-CMS=x2-cdf)
W/W+=0.9+-0.06 CTEQ d/u (x2-CMS) CTEQ d/u (x2-CMS)
Asym=0.05+-0.03 x W-/W+ (x1-CMS full ¢alc) —— MRST d/u (x2-CMS)

MRST d/u (x1-cms)
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‘L from CDF data assuming d/u(x1-cdf) =

Data with errors are d/u(x1-cms) at LHC extracted

14 TeVCMS W-/W+ and CTEQ6.1M d/u (x1-
cms) and d/u(x2-cms) fory<2 vs CDF d/u
extracted assuming MRSTO6NNLO d/u for x1-

LHC 6400 cDbF
1.1
+
= 1 = —
iy + = \/[
= 0.9 =S .
0855_0_83 R | ] L | ¥
. 2 - ¥ 1 | | y K 4
=
0-7 ‘ | [
O 0:/02 0.04 0.06
xX1-cms

CTEQ d/u (x1-CMS%S)
CTEQ d/u (x2-CMS)
MRST d/u (x1-CMS)
CTEQ d/u (x2) CMS

CDF d/u (x1-CMS=x2-cdf)
*x W-/W+ (x1-CMS CTEQ full calc)
MRST d/u (x2-cms)
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Data with errors are d/u(x1-cms) at LHC extracted
from CDF data assuming d/u(x1-cdf)=CTEQ6.1Mref

‘L with nuclear corrections

14 TeVCMS W-/W+ and CTEQ6.1M with nuclear corr d/u (x1-
cms) and d/u(x2-cms) for y<2 vs CDF d/u exctracted
assuming CTEQ6.1M d/u for x1-CDF

1.3
+
= 1.2
—~ 1.1 |
=5 1
095 o 0.9 [ Hﬁ*ﬁ LN
; 0.8 bl e x W=/ \W+
0.7 || | |
o 0.02 0.04 0.06
LHC updated
X1-cms
CTEQ d/u (x1-CMS) - CDF d/u (x1-CMS=x2-cdf)
— CTEQ d/u (x2-CMS) CTEQ d/u (x2-CMS)
~ W-/W+ (x1-CMS full calc) — MRST d/u (x2-CMS)

MRST d/u (x1-cms)
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W Asym - conclusions

New technique to unfold W-lepton eta distribution and extract the W+-
rapidity distributions allows measurements of W-/W+ (y) at the CDF
and LHC.

It will take some work to adapt the procedure from CDF to CMS.

d/u(x1) at LHC may be less well known than assumed in current
PDF fits. Current PDFs have d/y (y=0, x=0.0056) varying from 0.92
to 0.94. However, It is possible that 0.84 < d/u (y=0, x=0.0056) <0.96.

A combined analysis of CDF and CMS W-/W+ data versus y yields
d/u(x) over a wide range of x1,x2, independent of nuclear and
shadowing corrections in the deuteron.

Consistency requirements between LHC/CDF data on d/u(x) and DIS
and Drell Yan data on hydrogen and deuterium is useful in testing
models of nuclear effects and shadowing corrections in deuterium
and heavy nuclei.(evolve down to lower Q2). Better understanding of
nuclear corrections in D2 would make existing muon, neutrino DIS and
Drell-Yan data on H, D and nuclear targets more useful in global PDF
analyses (e.g. smaller errors on u+d).
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Unfolding W y distributions also yields: Oz/Ow(y)
which is sensitive to strange and bottom sea.

Zu =0.37 [ u(x1)*ubar(x2) + ubar(x1l) u(x2)+c(x1) cbar(x2) +cbar(x1)c(x2) ]
=0.54 [d(x1)*dbar(x2) + dbar(x1) d(x2) +s(x1) sbar(x2) +sbar(x1) s(x2)+b(x1) bbar(x2) +bbar(x1) b(x2

Sbar starts 0.4 SU3 symmetric at low Q2 and
becomes almost SU3 symmetric but not quite at LHC

CTEQG6.1M

90(Z2)  0.37u(x1)d(x2)+0.54d(x )d(z2)

3.50E+00 -

3.00E+00 -

2.50E+00 |

=== dbar
1.50E+00 \ sbar

1,00E+00 ——\

5,00E-01

0.00E+00 | |
0.00E+00  1.00E-02  2.00E-02  3.00E-02  4.00E-02  5.00E-02  6.00E-02

2.00E+00 \ ubar
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Unfolding W y distributions also yields: Oz/Ow(y)
which is sensitive to strange and bottom sea.

Zu =0.37 [ u(x1)*ubar(x2) + ubar(x1) u(x2)+c(x1) cbar(x2) +cbar(x1)c(x2) ]
=0.54 [d(x1)*dbar(x2) + dbar(x1) d(x2) +s(x1) sbar(x2) +sbar(x1) s(x2)+b(x1) bbar(x2) +bbar(x1) b(x2

Z/W simple formula (PDF terms only) compare
CTEQG.1 strange sea with SU3 symmetric strange sea

dea (£
dy

x 0.37u(xy )a(w2)+0.54d(x )d(x2)

Z/(W+ +W-) 14 TeV CTEQ6.1M Simple Formula
Simple formula Z-all/(W+ +W-) —#—SU3 symmetric Sea
0.6
ROl - - — -
8 A) ————
0.5 = — 1}
[ ! |
E 0.45
N
0.4
0.35
0.3 : :
0 0204 /0608 1 12 14 16 18 2 |22 24/ 26 28| 3
Simple formula Z-all/(W+ +W-) 0.5 0.5 0.5 0.5 0.5 0.5 0.49 0.49 0.49 0.48 0.48 0.48 0.47 0.47 0.46 0.46
= SU3 symmetric Sea 0.54/0.54 | 0.54 0.54 0.54 0.54 0.54 0.53/0.53/0.53/0.52|/0.52|0.51| 0.5 | 0.5 0.49
Rapidty y Y
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| Conclusions oZ(y)/cW(y)

= New technique to unfold W-lepton eta distribution and
extract the W+- rapidity distributions allows measurements
of W-/W+ and W/Z versus y at the CDF and LHC.

= Some information on the strange sea at large x has been
measured in DIS neutrino charm production (dimuon
events), and W+charm at the Tevatron. However, no data
exist for the strange sea at very small x.

= W/Z data at the LHC provide new information on strange
sea at very small x.

The u distributions are better known (e.g. HERA e-p data) than
the d,s quarks.

W-/W+ and Z/W data constrain (d,s) PDFs so that we can use W
and Z events as luminosity candles at the LHC.
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