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Outline

Overview

W,Z production (x~10-4)
Sensitivity to PDFs
Sensitivity to sin?%6,,

v* production (x~109)
Exclusive processes
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EW physics motivation

|
Oy (0°) = | drdx, [ (x,. Q%) f2(x5.07)F oy (x,.x,.07)

X A ¢ \

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 Q
at rapidity
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/ ATLAS & CMS:

/7 /| Collision between two
partons having similar
momentum fractions.
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PDFs either already
measured by HERA or
Tevatron, or requiring
modest extrapolation
through DGLAP.
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‘ LHChb. 1 HCb: a forward spectrometet
VWG P

Trackin
Interaction Poin&y Station% Muon Chambers

Ecar, HCAL 4 M5

SPD/PS M3

RICH2 M1 M2 250mrad

- STt 10m I ]‘frm ” rz
~ Magnet RICH detectors ECAL 2
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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.

e 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) iiﬂfiﬁ-yﬂ,-(l-’i;—j _ d{.‘l’:l}il(iﬂg) B (ﬂ{;};lj _“(J:E) ~ d(I]}

do [dyy (W) - w(zy)d(xzs)  ulxy) d(zs) ~ u(xy)

So ratio of Ws is sensitive to d to u ratio. (For LHCb d,/u,)

(2 B (V)0 /dy (W) u(z)
£ )= 3oy (W) o, ) (s,

)—d( 1)”7_*(552) u(z;)-d(zy)

zy)—d(z
To)+a(z1)U(2)

u
)i

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

Rzw(y) = do/dy(Z") _ ku(ah)ala)) + ra d(a))d(a))
-Z W o dﬂ'/{dy(nﬁﬁj +dﬂ'/dy“'1:—) |Lf;ac.!|"'3 {Ti(ﬂ;l)g{’fg:] -+ d(Il}ﬂ{Eg)}

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 R,z precise test of SM
everywhere.

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

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

e Even nicer, most
experimental systematics
(especially luminosity)
cancel in the ratio.
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pdf uncemainty on

R_ =da(W ¥ida{W)

A_ = (do{W -da{W )M dalWN" Fda{ W)
?_l. _ = dgi'W del 2"y

at LHC using MSTW2007TNLD
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/. Cross-section Measurement at LLHCb

o(Z = pp:2<n,<4.5P, >20GeV 81 <M, <101Gel )
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do 1dn nb)
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MCFM LO
\s=7 TeV
MSTW2008
PDFs

MSTW2008 PDFs
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Lepton Pseudorapidity Lepton Pseudorapidity

2

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,

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

Run: 74867

Evt: 14510474

0.5 0

Minimum Pt (GeV)

4 5
Pseudorapidity Range




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

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

- LHCb preliminary
2165 phal

100

110 120
Invariant Mass (GeV)

To turn into cross-section:

A A
Ntot o kag

O-Z_)JU'.UJ(Ay) — EZL
trig track _muony selection
=1 =1

Insomuch as possible, take
everything from data.
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Muon identification etticiency ez = A, ..cz._czzf

Reconstructed
Muon stub

v=98.2 + 0.5%
£,=96.5+ 0.7%

Y

......

t T

09

Reconstructed_——

Long Tracks M1

Efficiency flat in p;,n,
No evidence for charge bias

S|mulat|on

0.85

M—LHCb prellmlnary

= Y I v S —Y
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candidates / 3200 MeV

fz €z

Track Efficiency from Tag and Probe ez = 453- ol

Reconstructed
Long Track
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.....

Add TT hits Reconstructed
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Ronan McNulty, Workshop on Heavy Particles at the LHC, Paul

y
B

[=]
2 ©
o

tracking effienc

E

£y, =73 * 3%
gy.= 78 + 3%
e, =83+ 3%

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

=
T

*+

£

|||H|lln

LHCb prellmlnary

(flat in

4

Py and ¢) n



Trigger Efficiency from Tag and Probe

_ rack muon _selection

Tag muon fired trigger - ew=0.97(80.5+1.4)%
— __— g, =0.9*(95.7 + 0.5)%
. (Globel cuts:
Does probe muon - Very large events
fire trigger ? — L rejected by trigger)
M2 o P

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 A
Ntot T kag

‘ Z aﬂaIYSiS 02— un(Ay) =

Ezl;

tol
NZ

833

L — TT
Heavy flavours
Misidentified 7/ K
N2ks

0.2 £0.2
1+1
<< 1

1.24+1.2

A
Etrig
EZ'
track
Z

Em"l.i.ﬂ'ﬂ.

Z

sel

fiz

€

€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 <myz < 101)

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

LHCDb prelimj
P (Requiring both muons
16.5 pb-t have pt>20, 2<n<4.5.)
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Measuring Ag in pp->Z->UU ?

AO,_-B=3/ 4 Aﬂ( u Au +d Ad +S As) 0.23099 + 0.00053

LHC Problems: 1. PDF uncertainties ._ 0.23159 + 0.00041
2. which is quark direction? JesteE s m
0.23221 + 0.00029

HORACE (Born level) ) LZr e o)

0.2324 £ 0.0012

0.0001

0.23153 £ 0.00016
yildof:118/5

statistical uncertainty
with 100fb-t at 14TeV

B Aoy = 0.02758 + 0.00035
B=ms=178.0+ 4.3 GeV

0.2|32 lent 0.2IS4
. 2. lep
sin Beﬁ

Z rapidity

D
N
=
)]
<
| -
@)
=
P
a8
™
<<
~
<l

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

c(W = puv:2<n, <45,P >20Gel )

Ronan McNulty, Workshop on Heavy Particles at the LHC, Pauli Centre, ETH, Zurich, 05.01.2011
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ne high transverse momentum muon with
little else. Background much larger than for Z

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

A J

run: 71863 ISl

Evt: 121292289

Can be found
using Z events
in data

1 0.5
Minkmum Pt (GeV)

4
P&eunnr‘apldlly Rang& .201 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®)2 around muon. (<2 GeV)

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

LHCb preliminary LHCb preliminary

— Z in simulation + «—— Zdata

W in simulation Bkg from da
/ using anti-cu

«Z(sim) = W(sim)
«/(data) ~ Z(sim)
*Bkg(data) = Z(data)
LHCb preliminary

1400

Data derived:
* cuts;

» efficiency;

* purity.

1200

1000

800

600

5 55 N N N N N N N N O O N N = T |
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W analysis

_ LHCb preliminary Z (fixed with sim)
—16.5 pb!

-
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 oW (An) =

W4

7624

151
2
460

2194 + 150 1654 = 150
4817 £ 165 3480 £ 161

506

0.725+=0.03

0.982 £ 0.005
0.55 £ 0.01

1

0.73 £ 0.03 0.78 £ 0.03

0.29 £ 0.01 0.31 £0.01
16610 = 800 11226 =650

1

16.5+ 1.7pb~" 16.5+ 1.7pb~"

1007 4+ 48 4100 pb | 682 4+ 40 4+ 68 pb
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W asymmetry

S
B

— LHCb preliminary
—i—< 165pb_1

L

do*dn+do fdn

do*/dn-do Tdn

MCFM NLO\/s=7 TeV
MSTW2008 PDFs

III|II|_|_|IIJ_|_J_|]_|I|IIII|II]_Illl]_llllllllllj

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Lepton Pseudorapldity
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aw 1 (2.0<n,, <4.5)+aw _ (2.0<n, <4.5)
Tz (20(1’{45)

W.Z, Summary

Generator PDF Set Z i 7 WF+W-)Z [ WHw-
FEWZ MSTWOSNLO

CTEQ66NLO
NNPDF2.0

MSTWOBNLO 65.57 5 855 £ 43 G656 £ 39 23.1+01 1.30 £ 0.05
CTEQ66NLO

NNPDF2.0 LHCb preliminary
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.

-

AR R A AR PR Gz(pb)

40 S0 60 T0 B0 90

[ t L t |
1 1 1 1 I 11 1 1 I 1 1 11 I 1 1 1 1 I 1 1 1 1 I 11 1 1 I 1 1 11 G b
600 T00 800 800 1000 1100 w...(p )

—t———

00 S0 eon 700 B0 - 500 Sw.(Pb)

| | | | | | | | | | %l‘-—.‘%

14 18 20 24 28 30 32 GZ

GW-I-

Oy
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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 MSTW08 PDFs with 0.1fb-1 of high
mass vector bosons at 71TeV

Uncertainty on PDF with 0.1fb-1 of LHCb data

ratic

on PDF without LHCb data

ratio

Uncertainty

0.8

or
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0.2
0.1

nl T

.
o.0f

al e svannl o isimed b el

0.9
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0.5
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0.3E
0.2F
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7 08
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10510+ 103 102 10! 1

MSTWO08 0.1 fis’

zZ

w+

W
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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 71eV

o uy, d, sea
© ; 'F '
O = A 2 gy L
- = N Y : PR e e A | ———— R il >
@] 0BE - ,Ik / 08 EWF \\‘“_f— il oaf __F_,_.-//'—'
(:I-:) © o7 LV o7f i \ o?sz_
-1 'E; 0EE 06E " 06F
qc_) ge {13 § 0sf g 0sE
O o4 u.4f— n.qz-
1T| :LE) |13§_ 0.32— 03f
Q 02k 0.2 Qz;_
h J a a F
i o1k a1f o1
) E
S 3 | ol | i = LI_I_I_LLLHJ_I_I_UJJH.‘_I_LIJJJ.L‘_I_I_UJH.II_J_LU.U.LL
o @) Elm i 10? ) 1! 10" 1 ?u i w0 e W 1 2@" 1 10 . 10 1’ 1
i
EE : :
1 1
F — i R gz ] Reduced with 0.1 fb' wwz
B B Dg?—“%mm} ug——“?.ﬁifgt_—,_T-::M*
ala o A e
p— - : MSTWO8
'y S orE
) I - : i
O| O usk D6f
P Bried g osp CTEQ66
C C D4z— Dd-
‘5l ‘o sk oaf
S8 i ALEKHIN
U O, _
Ol O tr_1E 0.1 )
C| C  of b L d - - . : : NNPDF20
DD 1w0* 10 10 10 10 1 10 110 w0 10 1

Similar sensitivity. Ability to distinguish models
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Improvement to CTEQG66 PDFs with 1tb-1 of high mass
vector bosons at 14 TeV

d, sea

m 1: 1:
-lf_U, ,3_9;—— ':'h‘h*“-.__f’\_ ) Eg;‘_—:—_:_—::ﬁy:,_—ﬁ
O 085 o 0.8} -
QO © ot . 0.7E — TN A
(:'E) 'E; n.azh e N f 0.8 '
3 'Ug % u.si— l‘k,-'“ § 05F
w9 04 04f
e 93;’ u.:*.;—
‘T' E azz- n.:r;-
o, 01E 0AF
'::' 3 ﬂi ci RS R IR NI I

(@) 10* 1o i . 107 10! 1 10* 10¢ i x 102 10" 1
|
| 4
== g
2| = ;
ol ) S——N CTEQ66 1 fb™
il .

07E - reduced with Z
cC| C E —
ol O 0.6(
2 2F 8 o5 —— reduced with W*
c|l c 04
o — l.']..'if-— . N
S S 3 reduced with W
Ol U 0.1k
Ol O k .
 EPEETTT AR EENERTTTT EEIRTTTT BT

g 5 AT LU 10 1 T T L 1 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 ¥* to go to very low-x.

Ronan McNulty, Workshop on Heavy Particles at the LHC, Pauli Centre, ETH, Zurich, 05.01.2011
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QO =
8
7
6
5
log,0(Q?)
[GeV?3]
W,Z 4
/Collision between one
3 | * well understood parton
/ /| and one unknown or
2 : large DGLAP evolved
parton.
— Potential to go to
very low x, where
] PDFs essentially
unknown
-1
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QO -
Why this is interesting. ..
8
7
6
5
log,,(Q?)
[GeV?3]
4 Unexplored region
% Very little HERA
3 data at this x
2 o More theoretical
work required to
1 make predictions
° __ Sensitivity to
saturation?
-1 1 1 ] ] i i
-6 -5 -4 -3 -2 -1
log,,(x) 1 39
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Effect of PDF

uncertainties v 75 ooy
. Divell-Yarn @ 30 GeV
On Cross-sections z
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‘ PDF uncertainties at low-x, low-Q?
MSTWO08. (Thanks to Graeme Watt)

— 4_ T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|

‘Ef. - .
%3-5; Q? = 2.5 GeV*

ER Y

_1: 1 IIIIIII| IIIIIIII| | IIIIIII| IIIIIIII| 1 IIIIIII| | IIIII&

10° 10° 10* 10° 102 10

r
10° 10° 10* 10° 102 10"
X

X

Different behaviour and uncertainty with order of calculation.
Gluon essentially unconstrained by data below 10-4

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

First analysis using
¢ just 37nb-! of data.

Challenge is in control
lﬁ-'_ of backgrounds

iyl
1 h"'lr'ﬁlm i o o0 o0 T
B oreiivan cem NLO) ‘[I|I

- Inclusive b
- Inclusive ¢

Fake muons (from data)

10

Number of Events per 0.5 GeV

101

102

3 4 5 6 7 8 910 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 7TeV

Ronan

10510% 103 102 10! 1
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ol s el v

105104 103 102 10t 1

MSTWO08 0.1 fb

—— dy 2.5-5 GeV

—— dy 5-10 GeV
dy 10-20 GeV
dy 20-40 GeV

Slmllar |mprovements to NNPDF, CTEQ and Alekhin PDFs.

Sen5|t|V|ty exists to d|st|ngU|sh 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

sea

20% 20% - ! 20% :
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Significant improvements possible with modest amount of data
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Exclusive dimuon final states
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Hxclusive particle pI‘OdUCtiOﬁ (21 and nothing else)

e Exclusive |Psis, Psi’ (-> u*y-) i
Produced by photon pomeron fusion
Starlight: Models diphoton and photon pomeron fusion
(S.R Klein and J.Nystrand, Phys. Rev. Lett. 92 (2004) 142003).
P

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].).

a Exclusive diphoton dimuon

>~
-U [
Iy ? T > P
Produced by diphoton fusion (:é o L& .
LPAIR: Models EM production of lepton pairs o= -
(A.G.Shamov and V.I.Telnov, NIM A {\bf 494} (2002) 51). = :E5 7} oA
Ty P ' > p
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But 1s 1t exclusive ?

Full LHCb
Detector
I0m
- Muon
VELO
Close Up
Bidberc 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
. —
| LHCb
Preliminary
L=17.5 pb"'

——

LHCb
Preliminary

L=17.5 pb-'

IIIIIIIIlIlIIIIIIIlllIIIIIIIIIIlIIIIIIIIII“
I'I'll'll'll'l'll"ll'l'l'l'

Number of JPsi Candidates
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.GIB 10 310
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 / Psi1 (compared to Starlight)

Require 2u consistent with Jpsi + no other charged or neutral activity
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Normalized to humber of events

@ 2010 Data

@ 2010 Data

® Stadight MC ® Starlight MC

LHCb
Preliminary

LHCb
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L=17.5 pb-'
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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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‘ e Exclusive Chl_C (compared to SuperCHIC)

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

Normalised to number of events Normalised to number 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
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Number of exclusive candidates: 76 (Calculated from extrapolation)

Purity of Events = 78%
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‘ a DlphOtOﬁ fusion (compared to LPAIR)

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.

2
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10 _
DiMuonMass (GeV)

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?6,,

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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