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Summary

The measurement of EWSM parameters at the LHC is
much more difficult than at the Tevatron

A dedicated measurement strategy for the precision

determination of EWSM parameters is needed
Feasible

A better precision is needed than presently available on
(i) valence versus sea PDFs, and (ii) on heavy-quark
PDFs --- both in x and k;

Not clear how to achieve
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p; of i, K production is 0.3-0.5 GeV/c
p; of W, Z production is 6 GeV/c

k; different for different quark flavours
k; correlated with x

Hence change of paradigm appropriate:

Traditional k;-integrated PDF(x; Q?)
=» 2-dimensional PDF(x, k;; Q%) [ki-nonintegrated PDF]



Weak Interaction coupling constants of W and Z

WigL=1 ® CKM
gr =0

Z | gt =1— 2gsin® 0, 0.69
ga = —2gsin® O, 0.31
gt =1 — 2¢sin® 0, 1
g4 = —2¢sin® O, 0
gl = —1 —2¢gsin* 0, | —0.85
gs = —2¢sin® 0, 0.15
g¢ = —1—2gsin*f, | —0.54
g8 = —2gsin® O, 0.46




* O = c.m. lepton emission
angle w.r.t. spin vector

* w(0) =1 % cosB

* reflects V-A coupling



L— I*I7

* w(0)=1+y cosO
withO<y<<1

e reflects mixture of V-A and
V+A coupling



longitudinal W polarization

Tevatron: W +W =/
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Transverse momentum of charged leptons from the leptonic decay of W*
A charge-blind analysis is OK at the Tevatron but not OK at the LHC



Flavours of participating quarks

flavour decomposition of W cross sections flavour decomposition of Z° cross sections
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TABLE L. Partial contributions o /0 Of quark-antiquark annihilation subprocesses to the total Born cross sections in W™ and Z°
boson production at the Tevatron and LHC (in percent).

wt W z°
Subprocesses ud us cd c3 ch dii Sit de s be uil dd $§ cc bb
Tevatron Run-2 90 2 1 7 0 90 2 1 7 0 57 35 5 2 1
LHC 74 4 1 21 0 67 2 28 0 36 34 15 9 6




LHC pp versus Tevatron ppbar

LHC pp Tevatron ppbar

Pro: 8 and n-6 identical Pro: I* at B identical to |~ at
for I* and, separately, for |- n-0

Permits exp. cross-check Permits exp. cross-check on
forward versus backward p; bias between I*and I

Charge-blind analysis possible
Con: W*and W~ rates
different, charge-blind
analysis not possible



Simulation

* Apparatus: ATLAS detector

e Luminosity: 10 fb !

* Trigger and Acceptance cuts: p ;> 20 GeV/c, |n,| <2.5

e Event Generators: WINHAC/ZINHAC (spin amplitudes) and Pythia
* Parameterized response of the ATLAS detector

e Study based on O(10%°) simulated events

For details, see M.W. Krasny et al., Eur. Phys. J. C69 (2010) 379



MSTW2008 (NLO)
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xf(x,Q?)

1 Q? =10 GeV?-




CTEQ6.6 vs MSTW2008 (NLO)

Up valence distribution at Q° = 10° GeV* Down valence distribution at Q° = 10* GeV*
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Down quark distribution at Q° = 10° GeV*
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Strange quark distribution at Q" = 10° Gev”

Gluon distribution at Q° = 10° GeV?

~r -~

NETW 2008 NLD 9% CL)

?/)"/////// CTEGES MO
%
§ b :7////////////////////////{{{/)%;;))//

77
L il
~i,

iz




Biases from uncertainties in the
15t quark family

AMy | Al(Mys — My-)]

w5 =1.05u, | +79MeV |  +115MeV
d¥» =d, — 0.05u,

ubiss =0.95u, | —64MeV |  —139 MeV
dbss = d, + 0.05u,




PDF of the charm quark

Charm structure function, F;"(x,Qz)
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Biases from uncertainties in the
2"d quark family

AM\V A[(M\V-&- — M\V—)]

cbias = () 9¢ +148 MeV/c? 417 MeV/c?

P =54 0.1c

cbias =1 1¢ —~111 MeV/c? —11 MeV/c?

shias — ¢ _(.1¢




PDF of the bottom quark

Beauty structure function, F:'_’(x,Qz)
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Biases from uncertainties in the
3" quark family

AM W

b5 =1.2b | +42 MeV/c?
b8 = 0.8b | —39 MeV/c?




The dilemma

4+4 observables (p,n):
2w (PrN), 2w (Prn), 277 (prN), 27 (Pr,n)

versus

10+10 two-dimensional PDFs (x,k;):

u,d,s,c,b,u,d,s,c,b



u,d,s,c,b,u,d,s,c,b
.
ki(a) = k(q)
2
k-(u) = k;(d)
2
s(x) = s(x), c(x) = c(x), b(x) = b(x)
.
u,(x) —d,(x), s(x) —c(x), b(x)

10+ 10

10+ 5

10+4

still missing



LHC-specific strategy

& k.-integrated PDFs =» two-dimensional PDFs (x,k;)
& Ratios as observables

Ew+ (PT,I, 7]1) — Xw- (PT.I, 77‘.)

A \Pr.1,T) = -
\N( T.l ) Yw+ (PT.I:TI‘.) + 2Xw- (PT.I,WI)

Xz+(yn, pra, pry, m) — Xz- (Y, pra, pr.a, m)

Az(ymPT.:l,PT.:,Th) = ]
' ' Yz+(yn, pra, pra,m) + Xz- (yn, proa, pra, m)

Yw=+(pri,m) + Zw-(pra,m)

.and
Xz+(pra,m) + Xz-(pra,m)

Rwz(pri,m) =

Xz(prT.a, yu
Rgorlll (pT.l]7 y“) - (Ellorltly )’
1+1-

@ Two LHC energies: E and (m,/m,,)*E
@ Two respective magnet currents: | and (m,/m,,)e



Why previous analyses were too optimistic:

1. The PDFs are less precise than claimed, for the assumption of

imperfect functional forms

ks is theoretically not under control and needs to be measured

The correlation between x and k; needs due consideration

The importance of polarization has been underestimated

Compensating changes of PDFs within the same family that

leave the Z rapidity distribution invariant, have been ignored

6. The precision of relevant PDFs will not improve with the
statistics of Z events, for missing information

7. Charge-dependent biases of the lepton p; measurement have
been ignored

e W

Other than at the Tevatron, a charge-blind analysis is not possible
at the LHC. W* and W™ must be treated separately



