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Outline

Overview

W,Z production (x~10-%)
Sensitivity to PDFs
Sensitivity to sin<0,,

v* production (x~10-°)
Exclusive processes
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EW physics motivation

|
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Partonic
Cross-section
EWZ NNLO(1%

PDFs
(3-5%)

Hadronic
Cross-section

Test the SM at highest energies
Check out that DGLAP evolution works (test QCD)

Push theory into interesting regions with very soft gluons
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Production of
object of mass
at rapidity
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‘ rach. 1 .HCh: a forward spectrometer
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flavour decomposition of Z cross sections
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Effect of PDF uncertainties on cross-
sections

e Region where the most
precise EW tests can be
made.

o At highest rapidities,
PDFs can be constrained.

e Experimental statistical
error <<1%.
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e Systematic error likely to
be ~1%
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But you can do better !

R (yw) do/dyw(W~) _ dx)u(zz) dlz) ulz) _ d(a)

do/dyw W) 7 w(x)d(zs)  ulx) dlze) — ulz)
So ratio of Ws is sensitive to d to u ratio. (For LHCb d, /u,)

AL do [dyyy (W)—do/dyy, (W )N“(%)?(ﬁz)—d(%)ﬁ(%)N“(%)—d(ﬂ?l)
S o fay (W) oy (W) u(s,)i(,) +(z)(5;) ™ w(z) +d(5)

W asymmetry is sensitive to difference in u and d. (For LHCb u,-d,)

Ry () = do /dy(Z°) i u(@))a(a)) + ka d(@)d(z))
Z/w\Y do/dy(WT) + do/dy(W ) Va2 {“H z)d(x2) + d(&:l}u{lg)}

Ratio of Z to W is almost insensitive to PDFs!

Gold plated test of SM at the highest energies
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Effect of PDF uncertainties on cross-
sections

e Rz precise test of SM
everywhere.

—
o
L

eDifference in u and d
quarks can be significantly
improved by all
experiments at the LHC.

Py
TT

e Going forward, you
increasingly constrain the
u-valence to d-valence
ratio.

pdf uncarainty on

R_ =dg{W ¥da{W)

A_ = {datVW datWO W daiW HdalW )
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at LHC using MSTW2007MNLD
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section ratios due to PDF

e Even nicer, most
experimental systematics
(especially luminosity)
cancel in the ratio.
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/. Cross-section Measurement at LLHCb

o(Z = puu:2<n,<45P, >20Gel 81 <M, <101Gel )
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MCFM LOVs=7 Te!V

MCFM LO MSTW2008 PDFs

\s=7 TeV
MSTW2008
PDFs
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8% of Z within 17% (16%) of W+ (W-)
LHCb acceptance within LHCb acceptance
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.Characteristic signature of two high transverse

.momentum muons with invariant mass m, g

Require two muons: p>20GeV, 2<n<4.5. 81<M, <101 GeV

Run: 74867

Evt: 14510474

0.5 0

Minimum Pt (GeV)

5
Pseudorapidity Range



Characteristic signature of two high transverse
.momentum muons with invariant mass m,

p

Require two muons: p>20GeV, 2<n<4.5. 81<M, <101 GeV

LHCDb preliminary

110 120
Invariant Mass (GeV)

To turn into cross-section:

Z A
Ntot o kag

trig _track _mmuony” selectio
=1 =1

Insomuch as possible, take
everything from data.
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Muon identification etficiency ez = uzfzzf

Reconstructed
Muon stub

v=98.2+ 0.5%
£,=96.5+ 0.7%

Y
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Long Tracks M1

e 1 :’_—l—
0.95 T _+-=T= —L
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Efficiency flat in p,m,¢ o data
No evidence for charge bias | gimulation
0.85
0s_LHCb preliminary
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yz fz

‘ Track Efficiency from Tag and Probe ez = A, si—; gplection

Reconstructed

Long Track
ew+=73 £ 3%
ew.= 78 £ 3%
e,= 83 + 3%

(W+/W- differ due
to lepton n distribution)

Add TT hits Reconstructed
Muon stubs

s T T T T T — = 1.05f T —r—

s *l LHCb 8 :

R

|
_ I :
0.7 I 3
- . =

|

|IIIJ|Ii|i

candidates / 3200 MeV

ILHCb preliminary |
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DiMuon mass / MeV .
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Trigger Efficiency from Tag and Probe

_ rack muon _selection

Tag muon fired trigger 0| ew=0.97(80.5 + 1.4)%
~— __— g, =0.9%(95.7 + 0.5)%
e (Globel cuts:
Does probe muon : Very large events
fire trigger ? — L rejected by trigger)
M2 s up

LOMuonDecision_TOS

(Muon stub with PT > 1.5 GeV/c)

HIt1SingleMuonNolPLOHighPTDecision_TOS

Trigger path

(Long track Muon with

PT > 10 GeV/c and no IP
requirement)

HIt2SingleHighPTMuonDecision_TOS

o
=
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VA VA
Ntot o kag

‘ Z aHQIYSiS 07— un(Ay) =

6231;

tof
NZ

833

J =TT

Heavy flavours
Misidentified 7/ K
A

0.2 0.2
1=x1
<<1

1.2+ 1.2

4
EtTig

=z
Etrﬂck
Z

Emuon

=
Esei

3423
€z

0.86 &= 0.01
0.83 £ 0.03
0.97 £ 0.01
1.
1.
0.69 £ 0.03

L

16.5+ 1.7pb ™"

oz(2. <m.n2 < 45,81 <my < 101)

73+ 4+ 7 pb.
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Differential distribution (Z)

(Requiring both muons
have pt>20, 2<n<4.5.)
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Measuring Apgin pp->Z->up ?

A0 =3/4 Aﬂ( UA, +dA ;+sAy 0.23099 + 0.00053

LHC Problems: 1. PDF uncertainties ._ 0.23159 + 0.00041
2. which is quark direction? (SLD) 0.23098 + 0.00026
0.23221 +0.00029

0.23220 + 0.00081
0.2324 £0.0012

0.0001

0.23153 £ 0.00016
yldof:118/5

statistical uncertainty
with 100fb-1 at 14TeV

BEE Ac> = 0.02758 + 0.00035
B m= 178.0 + 4.3 GeV

I T
0.232 t 0.234

. 2 lep
sin Beﬁ

D
N
=
v
<
| W
o
(et
—~
m
w
<
—~
<l

Z rapidity

Statistically, a forward detector at high luminosity could measure Az with better
precision than current WA.
How confident are we of theory? of PDF uncertainties? of detector systematics?
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W Cross-section Measurement at I.HCb

oc(W — uv:2< 17, < 4.5,PT# > 20GelV )
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25



ne high transverse momentum muon with
little else. Background much larger than for Z

Require muon p>20GeV + little activity in ‘rest of event’

run: 71863 [LIEGH

Ewt: 121292289

Can be found
using Z events
in data

1 0.5
Minkmum Pt (Gew)

4
Pgeuﬂr‘ali-ldll.\' Ra"e .20:l 1 26



Selecting W events

pt of muon (>20GeV)

ip significance of muon (<2)
Mass of rest of event (<20 GeV)

Pt of rest of event (<10 GeV)

Charged transverse momentum in cone of 0.5
units of V(An)2+(A®)? around muon. (<2 GeV)
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W analysis

+«— Z£insimulation

W in simulation | Bkg from da
/ using anti-cu

*Z(sim) = W(sim)
«Z(data) ~ Z(sim)
*Bkg(data) != Z(data)

Data derived:
* cuts;

« efficiency;

* purity.
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W analysis

Z (fixed with sim)

-
o
=
=)

QCD: fit fraction. (shape from data)
W+/-: fit fraction (shape from data)

number of events / 2 GeV

6020 30 40 50 60
Lepton transverse momentum (GeV)

and all found from data.
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W analysis o (A1) =

W+

7624

151
2
460
2194 £+ 150
4817 £ 165

506
1654 4= 150
3480 £ 161

0.73 £ 0.03

1

0.29 = 0.01
16610 = 800

0.7251+=0.03

0.982 + 0.005
0.55 £ 0.01

0.78 £0.03

1
0.31 £ 0.01
11226 £+ 650

165+ 1.7pb !

16.5+ 1.7pb !

1007 = 48 4+ 100 pb

682 + 40 += 68 pb
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W asymmetry

— LHCb preliminary
—i—(

L

P
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do*dn+do fdn

do*/dn-do Tdn

MCFM NLO\/s=7 TeV
MSTW2008 PDFs

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Lepton Pseudorapldity
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‘ W.7Z Summary

Generator PDF Set 7 v WF W )JZ [ Wr/w-
FEWZ MSTWOSNLO :
CTEQ66NLO
NNPDF2.0
MSTWOSNLO 55727 855 + 43 656 =+ 30 23.1+0.1 | 1.30£0.05
CTEQ66NLO
NNPDF2.0
MSTWOSNNLO

T3E£4£7.5 | 1007 £48 £ 101 | 682 £ 40 £ 68 148 £0.11

LHCb Preliminary using 16.5pb™ of data.

Theory: FEWZ at NLO for Z; MCFM at NLO for W.

Kinematic cuts: charged leptons p_>20 GeV, 2<nj<4.5.

Uncertainty band combines NLO and MSTW2008 90% uncertainties.

L el Gz(pb)

40 50 &0 0 B0 90

&

L1 1 1 I L1 1 1 I | | I L1 1 1 I: 11 : 1 I 11 :I 1 I: | I T | G b
600 700 800 900 1000 1100 W+(p )

— - —t

400 s0  eon 700 Boo - 900 Ow.(Pb)

| | | | | | | | | | %-l-—.lﬁ"fd-

14 18 20 24 28 30 32 GZ

GW-I-

Uw_
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How well can W,Z measurements
constrain the PDFs?

Ronan McNulty, Workshop on Heavy Particles at the LHC, Pauli Centre, ETH, Zurich, 05.01.2011
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‘ Improvement to MSTWO08 PDFs with

mass vector bosons at 7TeV

Uncertainty on PDF with 0.1fb-1 of LHCb data

ratio

n 7| IR ST MR AT TTe AT |

105104 103 102 10! 1

0.8F
0.7

on PDF without LHCb data
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02E

o1k
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é::rﬂpr
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nef il
U.ﬂ;—
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2 E
T 05F
0.4
n.af
02f

=

P PRI EEETY PR I 1

105104 103 102 10! 1

MSTWO08 0.1 fi5'
z

— W
W

WwzZ

Modest improvement with small amount of data
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‘ Comparison with different PDFs using 0.1fb-1 of high

mass vector bosons at 7TeV

S Uy dy sea
(0] i — i !
© 1= /7 ; paE———— 7 g T -
ot ! [ e, el e ——— .
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Similar sensitivity. Ability to distinguish models
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Improvement to CTEQG66 PDFs with 1fb-1 of high mass
vector bosons at 14 TeV

Uncertainty on PDF with 1fb-1 of LHCb data

ralia

on PDF without LHCb data

ratio
=
tm
T

X X

Uncertainty

£ F
] 0.5

aQ
wt w1t ! 1 S A T o | e (' S 1

0.8
085

0.4F
0.af
02F
0Af

oo  ———

07k R .

10* i 10 10° 10"

CTEQ66 1 fb™’
— reduced with Z
— reduced with W*

reduced with W’

reduced with WWZ

More data and higher energy lead to larger improvements.

Ronan McNulty, Workshop on Heavy Particles at the LHC, Pauli Centre, ETH, Zurich, 05.01.2011

36



Using v* to go to very low-x.
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QO =
8 o 2 4 6
7 ,III IIII I,III
6 II IIII I,II
5 IIII IIII
l0g,0(Q?)
[GeV2] S
W,Z —4 II'.HCb.
/ Collision between one
3 ¥ well understood parton
and one unknown or
2 large DGLAP evolved
parton.
g Potential to go to
very low x, where
0 PDFs essentially
unknown
-1
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log,0(Q?)
[GeV?2]

-1

Why this 1s interesting...

Ronan McNulty, Workshop

Unexplored region
Very little HERA
data at this x

More theoretical
work required to
make predictions

Sensitivity to
saturation?

1 39



Effect of PDF

urlceftaiﬂties Dreli-Yan @ 7.5 GeV

Orell-Yan @ 30 GeV

ONn Cross-sections
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‘ PDF uncertainties at low-x, 10W—Q2
MSTWO08. (Thanks to Graeme Watt)

"‘-" 4 TTTITTI] T TTTIT T IIIIIII| IIIIII| T IIIIIII| T TTTTI] “‘—' — T TTImmm T TTTTI] T T T T TTTTI T T T

q q ] ‘b : [ [ [ [ [ ;
X3 x3 Q*=2.5GeV?] xX35- Q%= 2.5 GeV*]
= % Z - :

_1: 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIII% -
10° 10° 10¢ 10° 107 10° 10° 10° 10* 10° 102 10"
X

Different behaviour and uncertainty with order of calculation.

X

Gluon essentially unconstrained by data below 104

DGLAP evolution not trustworthy in this region. Gluon re-
summation effects. Possibly entering saturation regime.
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LHCDb preliminary

Number of Events per 0.5 GeV

10

- DrellYan (MCFM NLO)
- Inclusive b
- Inclusive c

101

102

Fake muons (from data)

3 4 5 6 7 8 910

First analysis using
just 37nb-! of data.

Challenge is in control
of backgrounds

S

20 30 40 50 60 7080 10°
Dimuon Invariant Mass (GeV)



Improvement to MSTWO08 PDFs with 0.1tb-1 of

low mass vector bosons at 71eV

d, sea
== = == T = i
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Similar |mprovements to NNPDF, CTEQ and Alekhin PDFs.

Sen5|t|V|ty exists to dIStII"IQUISh between models
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Current uncertainty on MSTWO08 PDFs and projections
with 0.1fb!, 1fb™! of very low invariant mass muons at 7TeV

Uy sea
20%x 20% 20%-
181 18 18F
16F- 16[ 16F
145— 145— 14:
12f 12F- 12}
10% 10% 10%-
o oF o
o o o
aF A aF
P 2 2t
e R e PYRC M P M B el :

106 105 104 103 102 101 -1 106105104103 102101t1 5104 1031021011

20 ° ’

1o dyA 2.5-5 GeV

16F

14:

B e S | Theoretical uncertainty
10%

o

o — reduced with 0.1fb”

4_

sl sl s sl — reduced with 1fb”

10610 1041031021011 ( 106 )0'5 1041031021011

Significant improvements possible with modest amount of data
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Exclusive dimuon final states

Ronan McNulty, Workshop on Heavy Particles at the LHC, Pauli Centre, ETH, Zurich, 05.01.2011
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“xclusive particle production (2u and nothing elsc)

P
G Exclusive |Psis, Psi’ (-> u*y-)
Produced by photon pomeron fusion

Starlight: Models diphoton and photon pomeron fusion
(S.R Klein and J.Nystrand, Phys. Rev. Lett. 92 (2004) 142003).

a Exclusive ChiC (-> p*u-+Y)
Produced by double pomeron exchange
SuperChiC: MC for central exclusive production
(L.A. Harland-Lang, V.A. Khoze, M.G. Ryskin, W.J. Stirling,

arXiv:0909.4748 [hep-ph].).

e Exclusive diphoton dimuon

Produced by diphoton fusion
LPAIR: Models EM production of lepton pairs
(A.G.Shamov and V.I.Telnov, NIM A {\bf 494} (2002) 51).

>
-
0}
O o
5::
_ =
O 3
I
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But 1s 1t exclusive ?

Full LHCb
Detector
10 m
- Muon
VELO
Close Up
84 cm Primary Vertex
Backward Tracks




#]/Psi as Fn of #tracks

Assuming Linear background ?
Extrapolate Background to determine number of experimentally exclusive events

JPsi + No Photon |Psi + | Photon
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Preliminary
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Number of Tracks Number of Tracks

817 Exclusive |Psi candidates 76 Exclusive ChiC candidates
77 Background Events 22 Background Events

Purity of Events = 91% Purity of Events = 78%
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‘ e Exclusive J / Psi (compared to Starlight)

Require 2u consistent with Jpsi + no other charged or neutral activity

Normalized to number of events

@ 2010 Data

& 2010 Data

® Starlight MC @ Starlight MC
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Number of Events Per 100 MeV
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3.2 3 . ‘ 0.6 0.8
DiMuon Mass (GeV) DiMuon Pt (GeV)

3.

Number of exclusive candidates: 817 (Calculated from extrapolation)

Purity of Events = 91%
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‘ a Exclusive Chl_C (compared to SuperCHIC)

Require 2m consistent with Jpsi, 1 photon, and nothing else

Normalised to humber of events Normalised to humber of events
ChiC0: 52%,ChiCl:36%,ChiC2: 12% ChiCO0: 12%,ChiCl: 36%,ChiC2:52%

@ 2010 Data
# SuperChiC MC

@ 2010 Data
® SuperChiC MC

LHCb
Preliminary

LHCb
Preliminary
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Number of Events Per 20 MeV
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#4' i K NN, A

4 5 . 4 4.5
DlMuon Photon Mass (GeV) DiMuon Photon Mass (GeV)

Number of exclusive candidates: 76 (Calculated from extrapolation)

Purity of Events = 78%
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a Diphoton fusion (compared to LPATR)

Require 2 back-to-back muons and no other charged or neutral activity.
Remove resonances.

2010 Data
# Pomwig DPE
# LPAIR Inelastic
LPAIR

LHCb As in other cases,
reliminary
feed-down from
non-exclusive
processes needs
to be evaluated.
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Precision on luminosity given by uncertainty on backgrounds
and trigger efficiency.
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Summary

LHCb EW programme complementary to
ATLAS/CMS

Tests SM in different region with similar precision
Possible future precision measurement of sin?0,,

Constrain PDFs at low x for W,Z and very low X
for y*,

Potential for luminosity measurement at few %
level.
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