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The Tevatron and DO
® The Tevatron
) . 5000 tons ~ Inner tracker N
® 27TeV proton anti-proton collider T/ calorimeter
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Z Boson Production

. “ X *
® Tevatron is now a‘“Z factory ZIY

® ~| Z produced every |10 seconds! q |
® |ots of interesting measurements of Z production properties

® inclusive cross sections, differential cross sections (transverse
momentum (pt), rapidity, Ars....etc).

® The pr distribution is very interesting
® High (>30 GeV) pr tests perturbative QCD

® Low pr probes non-perturbative QCD
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Low pT1 Z’s
® Fixed order pQCD fails at low Z pr.
® large logs + non-perturbative (NP) contributions.
e Solutiont!l:
® Resummation of large logs into a Sudakov form factor
® Absorb NP part into a universal form factor.
® Form factor needs to be measured from data e.g. BLNYI2 form.

® At the Tevatron, the g2 parameter determines the pr distribution.

( )
do 00 d2b I M NP2
_ —’LqT-waERT —-S7b Y
dydz ~ 5 | (@n2 o7
2

SpLny (0: Q%) = —g1 — g2 ln(go) 9193 In(100z 22 5)
y

\.

[1] ). Collins, D. Soper, G. Sterman, Nucl. Phys. B259 199 (1985)
[2] F. Landry, R. Brock, P. Nadolsky, C. P. Yuan. Phys. Rev.D 67,073016 (2003)
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Low pt Z£’s
® Fixed order pQCD fails at low Z p{ ¢ A
N 0.07| — g,=0.82 GeV*
® |arge logs + non-perturbative (NP) £c :
1|2 oo6F i/ 2\ g,=0.54 GeV?
7 —
O ionl!l: ¢ |E T
Solutiont'!: R -
S
. .  J
® Resummation of large logs into a Sud| £ o.04-
' £ ResBos
® Absorb NP part into a universaf form| 2 0031
’ C. Balazs and C.P. Yuan, Phys
' 002l Rev.D 56,5558 (1997)
® Form factor needs to be measured fr| "t
|
Ch1 11 1 11 1 ‘ 11 1 ‘ 11 1 ‘ | 11 1 1
® At the Tevatron, the g2 parajheter def ¢ 2 1 2/3* P, ?Gev;o 7o
do 0o 2 NP2 e’
_ qu waERT —S7b 1Y k-
2 .-
dydgs S .-
2 -
Spiny (b, Q%) = 2 .¢173 In(100x g4z )
- J

[1] ). Collins, D. Soper, G. Sterman, Nucl. Phys. B259 199 (1985)
[2] F. Landry, R. Brock, P. Nadolsky, C. P. Yuan. Phys. Rev. D 67,073016 (2003)
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Measuring the form factor

® Experiment (Tevatron, LHC exps...) measures the pt distribution
corrected for detector effects (unfolding).

e Combine with low Q? Drell-yan data and fit the NP form factor

® Detector corrections can be very large, and come with large
uncertainties!

® Mainly lepton pt(ET) resolution and efficiency dependence on the Z pr.
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Lepton pT resolution
At low pt, Ad~TT,and aT is much
better measured!

Efficiency dependence
Probability for event to pass cuts on
pt and isolation of the leptons

depends on a. and pr, but not on ar.

0.08 f — g,=0.82 GeV*
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~-g,=0.54 GeV?
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ar is still very
sensitive to g;!
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The aT Observable

® Split the Z printo into ar and aL with respect to the event thrust

Hadronic Recoil

e Eff'aency dependence --------- .
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Performance of at MC

® aris far less sensitive to detector effects than aL (and pT)!'l!

® E.g.comparison of generated distribution with detector-level
distribution with selection cuts.

® Sensitivity to the physics (g2 parameter) is not degraded by the
resolution.

E 0.161< — E B
_ 014 = £ E . 014 :
T C (c) J - 0.14 i . 0.12 (d);
% 0.12 — X 4.q(no cuts) — % 0.12F — X gen(no cuts) (a) 4 % g = — X ;.u(n0 cuts) B
G ot E S o1 3 S 017/ N 3
\;" 0.08; ------ X 4.(all cuts) —; Tf 0.08; ------ X 4.(all cuts) é ST 0_03E | ------ X ,.(all cuts) E
S 0.06 E S 0.06 = 5 006 E
‘\E’ 0.04F - g 0.04— 3 g 0-04;- E
0.02- el — 0.02 E 0.02- T E
2 06? ......... “J 5 0.06F i : | | E g 06?
NM 0.4; 7 NM 0.04F + | | : L; NM 0.4; ....... E
>§ 0.21 = >§ 0.02 : ' I E >§ 0.21 =
% o = % 0 = % oF =
1 02 .° = 1 0.02° E i 0.2 :
= F oo ] < F E = =
b -0.4F° E s 0-04 E b 0.4 E
~ _06:, 7: ~ 0.06? 7: ~ _06:: A
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 5 10 15 20 25 30
a, (GeV) a, (GeV) 0, (GeV)

[1] M.Vesterinen, T. R.Wyatt, Nucl. Instr. Meth. in Phys. Res.A 602 (2009); arXiv:0807.4956v |
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Measurement of g;

® Our goal is the detector corrected ar distribution
® To start with: measure the value of g2 without unfolding the data
® Compare the art distribution in data with MC “g> templates”

® Using ar allows us to use both ee and P decay channels!
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Fitting g>

® Compare at distribution in data with MC “g, templates”

® Find the best fit from the minimum X2.

12 e
D@ Preliminary 2fb” + Data ]
10 —
o - []Z—eee .
.. # - -1 ‘°_ .
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Nxsoivu_HWHH‘HH_H‘_H‘ :Nx307”‘_H‘_‘H_H“HH‘HH _ 8 =
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Uncertainties

® Statistical: ~3% (per channel)

® Experimental (simulation)
® Backgrounds: ~ 1%,
® |epton pr scale:~ 0.5%,
® Angular efficiency correlations: ~1%,
® Efficiency dependencies on pt and n: ~ 0.5%.

® Final state radiation: ~ 0.5%.

® Theoretical

® PDFs:~6-7% !

11
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Results

D@ Run Il Preliminary 2fb™

D@ Run Il ee (CTEQS.6)
D@ Run Il uu (CTEQ6.6)

Combination (CTEQ6.6)

Publ. DO Run lla ee (CTEQ6.1M)

World Average (CTEQ3M)

Publ. DO Run | ee (CTEQ4M) ——

0.66 = 0.03(exp) ' (PDF)

+0.05
-0.04

0.61+ 0.03(exp) (PDF)

0.63 = 0.02(exp) = 0.04(PDF)

0.58 + 0.06
0.77 = 0.06

+0.02
0.68 7 .

1 EVE
g, (GeV")

D@ Collaboration, DO Note 5755-CONF (2008), Presented at ICHEPOS.
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Conclusions

® The Z pris an important measurement at the Tevatron.
® Detector effects are large at low pr.

® Novel observable aTt is almost unaffected!

®  M.Vesterinen,T. R. Wyatt, Nucl. Instr. Meth. in Phys. Res.A 602 (2009); arXiv:
0807.4956vI

® Measurement of g2 parameter

® g,=0.63 + 0.02° + 0.04°PF GeV?

® Both ee and P channels!

® Comparable precision to world average!

® D@ Collaboration, DO Note 5755-CONF (2008), Presented at ICHEPOS.

® Detector corrected aT distributions soon.

13
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Backup slides
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Lepton pt Resolution

® Compare the resolutions of a1, aL and pr.

® Event-by-event, look at the (fractional) difference between “generator-
level” and “detector-level”.

® Plot the mean of this, vs. generator level Z pr.

Event-by-event, at is much more precisely determined than the Z pt!

! ARRERRRRN RRRRRARRNRARRD
a
k. 0, -a
S0 al O o
2 5 .- “ b
Il P 5 [ Toa
Z aT A¢ N AA DDDDDDDDDDDDDDDD
__________________ S
____________________ 5 AAA‘AAAA
(1) ---------- c o AAA‘A‘AAAAAA
pT ----------- 810-1;3 Oooooooooo?z
------------------- S - 9900000880000 0 nnan g nnnnns]
. ~ ) L (2) Hadronic Recoil L
t=pr —Dr 0 5 10 15 20 25 30 35 40 45 50
J
QTgen(GeV)
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Efficiency

® Apply typical event selection cuts

® Cut on detector-level lepton pr, isolation, pseudo-rapidity.

1 : 1 . 1 .
P . ] < :'\_/\: < C ]
\lJ o.95; 1 UJ o5 4 J o.95- -
0.9- = 0.9- = 0.9 E
0.85 “. 7 .85 s 3 0.85 . =
0.8 c ] 0.8 E T pT """""" Eiso ] 0.8 E x'.' ]
0.75" ) e 0.75F = 0.75F PN
0.7t ] N 5 o7t . E
0.65_ ST = 0.65° - 0.65- .- E
065" © - 0.6~ @ 5 06 @
oo lovn bvv b b bvvws b by bewaa by i i i ool bov b b by bovns b baw o ba v 1 Covv b b b b b b Py 007

0-55) "5 10 15 20 25 30 35 40 45 50 0-55) 510 15 20 25 30 35 40 45 5( 055 10 20 30 40 50 60 70 80

a, (GeV) a,; (GeV) 0, (GeV)

aT is much less correlated with event selection efficiency than aL.

16



Yy
er

The Universit
of Manchest

eV/c)"
o
o
(0]
[

a (G

1/0 x do/d

MANCHESTER

1824

ResBos

® All implemented in the event generator ResBos!']
® “The Monte Carlo for Resummed Boson Production and Decay.”
® Matches resummation at low Z pt to NLO pQCD at large Z pr.

® Key part of Tevatron W mass measurements.

® Compared with recent D@ datal?!

® Good agreement at low pr.

DO, 0.98 fb™

— ResBos

DO data

o
o
»

[1] C. Balazs and C.P. Yuan, Phys. Rev. D 56,5558 (1997)
[2] D@ collaboration,V. M. Abazov et al, Phys. Rev. Lett.
100 102002 (2008)

o
o
g

o
o
\S)

Zi* a, (GeV/c)

17
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ResBos

e All implemented in the event generator ResBosl']

® “The Monte Carlo for Resummed Boson Production and Decay.”

® Matches resummation at low Z pt to NLO pQCD at large Z pr.

® Key part of Tevatron W mass measurements.

® Compared with recent D@ datal?!

® Disagreement at high pr.

WE D098’ . ResBos

102 — — ResBos+KF
—— NNLO

10° SRR Rescaled NNLO

b D@ data

10°F

10°F

(a)
[N - P I R

1 l 1 1 1 1 l 1
50 100 150 200 250
Zi* q_(GeVrc)

[1] C. Balazs and C.P. Yuan, Phys. Rev. D 56,5558 (1997)
[2] D@ collaboration,V. M. Abazov et al, Phys. Rev. Lett.
100 102002 (2008)

18
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ResBos

® All implemented in the event generator ResBos!'!

® “The Monte Carlo for Resummed Boson Production and Decay.”

® Matches resummation at low Z pt to NLO pQCD at large Z pr.

® Key part of Tevatron W mass measurements.

® Compared with recent D@ datal?!

® Low pr1 and large rapidity is very interesting but large uncertainties.

P

DO, 0.98 fb™'

""""" ResBos with small-x effect
ResBos without small-x effect
DO data

lyl>2

Zy* q, (GeV/c)

Better agreement without “small-x broadening”l3]

[1] C. Balazs and C.P. Yuan, Phys. Rev. D 56,5558 (1997)
[2] D@ collaboration,V. M.Abazov et al, Phys. Rev. Lett.

100 102002 (2008)

[3] P. Nadolsky, D.R. Stump, and C.P.Yuan, Phys. Rev. D 64,
114011 (2001).

19
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Small-x Broadening

® Small-x broadening was needed to describe DIS datal'l

® At the Tevatron: harder pr for large rapdity (|y| > 2).

® At the LHC: harder inclusive pt!?. e

pp > WXose'vX

P i 3 020 |
Q) - DY, 0.98 fb lyl>2
S 04 _ 015 |
8 B2 ResBos with small-x effect
= - —— ResBos without small-x effect 010 F 1yl <25
8b0 08 DO data = 005§ Pre- Ep, > 25 GeV
\b : é 0 -‘lllllIlllIllIllIIllIIlIIlllllllllllllllllllllllll
% 006 E O LF 25 5 75 10 25 15 175 20 25
2 - i E E
= 0 g 25 pp— 2°X 3
0.04% g 2 B =
E 15/ .
0.02__ 1 ;— px)=0
- (b) 05§ - p®)#0, ¢,=0.013, x,=0.005
ey b b 1 1 T S I P PRI P P ST PR BT e
0 5 10 15 20 Z/v*25 (Geel(/)c) 0025 5 75 10 125 15 175 20 225 25
qT Gy [GeV]

[1] P. Nadolsky, D.R. Stump, and C.P.Yuan, Phys. Rev.D 64, 114011 (2001).
[2] S. Berge, P. Nadolsky, F. Olness, C. P.Yuan, Phys. Rev. D 72,033015 (2005).

20
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Sensitivity to the Physics

® Do a“toy” measurement of g, in MC
® Make a set of MC templates corresponding to different g».

® (Call a smaller subset (~200k events) of MC with particular g2,  our
“pseudo-data.”

® Fit g using a minimum X2,
® And get the statistical uncertainty on g».

® Repeat for different lepton pt resolutions

b or [ar [ a |23
ni * ey 10 B2 (%)
aok - 0000 | 1.4 | 22 | 24 | 14
ok : 0001 | 18 | 22 | 36 | 16
o T 0003 | 3.1 | 23 | 89 | 2.
055 06 065 0.7 075 038

g, (GeV?)
21
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PDF Uncertainty

® Purely theoretical
® Change in the ResBos da/dpr at fixed g».
® Experimental acceptance uncertainty is negligible.
® Used the CTEQ 6.6 PDFsl'l to generate our ResBos templates
® 22 approximately orthogonal parameters.
® Repeat the measurement 44 more times (22x +90% CL).
® Basically add in quadrature the shifts in fitted g».

® Some parameters shift g» in the same direction for + and -.

® |[f this is the case, take the larger and assign a one sided uncertainty.

[1]1 CTEQ Collaboration, P. Nadolsky et al., hep-ph/0802.0007v3 (2008).

22
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PDF Uncertainty

® Purely theoretical

® Change in the ResBos do/dpr at fixed g..

® Experimental acceptance uncertainty is negligible

® Used the CTEQ 6.6 PDFs to generate our ResBos templates

Ag, for central value vs. Eigenvector PDF (CTEQ 6.6) . +90% C.L.

V9

. -90% C.L.

PDF Error Set

Ag, for central value vs. Eigenvector PDF (CTEQ 6.6)

. +90% C.L.

. -90% C.L.

PDF Error Set

23
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16:— ' ' ' ' . _I ' .1 ! ' ' '—f 10_ T T T T T T T T T ™/ r T T T T T l7
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Event Selection

Muon Scintillators

~\

2 fblof data

- 2x more than

previous analysis
.

r A 4 A
Z—ee selection Z— U selection

=single electron trigger
- Two EM clusters in the calorimeter
- E1, and shower shape cuts

- Matched to a central track
\ ) \_ Y,

=Single muon trigger
- two muons with central track
- pr and isolation cuts

25
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aT VS bt

Electron-like resolution: OEt ~ E!/2

® Muon-like resolution: d(1/pt) = const

® atis better for e-like, bt for Y-like, so we prefer to use bt at DQ.

IR R R N RN LN LR RN L R IR N RN RN RN RN RN R
! J L
. [ AQT -a; .k AQT -
0 ADD Da Ob ° (A Da Ob —
§ 1- : L IkT § 1EDD L d E
= A o H N = o
NM r AA Poog DDDDDDIDDSDDDDE NM N DDDDDD e_llke 1 2
N N E \ A DDDDD : A
3 13 . 20005000, F—z 1) _ (2
5 Al iaL, 4 E101’ s, D% T T
c AAAAAAAAAAA c E AA‘A E
8 10-1::i OOOOO()OOOOE 8 :'. AAAAAAAAAA ] ~ (1)
E L iiﬁ999999222222::----------; E I "'!!!!U!QUBBBBIIIIA::::::£ b N ]5(1) pT _(2)
i . 8683682000000 — T (2) T
1111111111111111111111111111111111111111 T T P T P T ST ST
075710715 202530 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 Pr
Q, .. (Gev) 0 on (GEV)
: ll p(2) )
T
Z ar Aﬁb
DT

bt is better for e-like, at for U-like,

_ _ therfore aT is more suited for DQ.
Hadronic Recoil
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pt Resolution

® We originally set out to reduce our sensitivity to pt resolution
uncertainties

® Try a super-conservative variation of the resolution in MC!
e With Z pr, g shifts by ~ + 25%

® W/ith ar the shifts in g2 are around ~ + 0.3%)!

i D@ Run lla Preliminary | + Data -

'l
w o
T T

Entries x10°
Entries x10°

(Data-MC)/MC
T =y
==
i
(Data-MC)/MC

65 70 75 80 8 90 9% 100 105 Mo 6; 70 75 80 85 90 95 100 105 110 1‘I
: (GeV)

dl -lept (GeV)

d| -lep
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