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Physics in Drell-Yan Production

N Angular

= Ve Distribution
antiproton — . _
T ________ * __________ | T 7
Couplings °W " Couplings "™ do/dy
Physics = Constraints for PDF
s do/dcos6’ = PDF constrains

= Charge Asymmetry do/dM other physics

= Z-fermion couplings ™ “©/%WViy |

= Sin20 = Sensitive to New physics at

W . High Mass
= New Physics « Z, Extra Dimension, etc.

August 27, 2004 Drell-Yan Production at the Tevatron Jedong Lee 2



Forward-Backward Asymmetry in y/Z0 — e*e-

Interference between y* and Z°

N v/ 20 f’

= Vector(V) and Axial-vector(A)
nature gives rise to angular

asymmetry. ~
do . f £’
——— = A(l+cos*8)+Bcosd
d cosé@ PRL 87, 131802 (2001) [ £ dt = 108 pb "
O —0Op 3B I PPbar —> v*/Z + X
AFB = = L+ 1992—-1995 Data v /Z —> ee
O +0p 8A Lo &Eé\{q%%eiiiig(ﬂ%ﬂ) M(ee) > 40 GeV/c® ]

= New particle may cause
deviations in Az or do/dM <

= Contributing helicities vary with oo}
mass .
= Az depends on mass 057 _

= Direct probe of V and A couplings 50 70 100 200 300 500 700 1000
M(ee), GeV/c®
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M., and cosb6* distributions
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m 5211 Z—e*e candidates

= 2 isolated electrons E; > 20 GeV o || ] | :
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. . 25 - | [ Other backgrounds 3
= Fake electron from jets : dominant 2n§—| ,_¢_|_'_ E
= Electroweak processes we! et E
= t-thar Z 37 o) uﬁ*

0
cos(0*)
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Acceptance Corrections

Arg gets shifted after reconstruction
= Reconstructed mass smears out
= cosO* distribution in different mass bins

Need to correct observed Agg

Event Migration Matrix

14
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10

Reconstructed M. Bin

N AR O O

|- .I..: 0

g8 10 12 14
Phy5|csM Bin

07T 08 0604 02 0 0.7 0.1 0.6 0.8 _1

cos 6" (78 < N, < 105 GeVI¢)

I g .2 8 -4 X i 1J hd 0.8 .3 c
cos @* (105 < M, < 200 CeVid)
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Arg With Unconstrained Fit

= Likelihood fit at raw level <t ﬂ ;
= No assumptions of A priorto  s- 1 | -
the correction (unbiased) oo NS £
= Large uncertainties due to large 02_ : f";;ejgj;g:;
migration in mass o4p / = \h:lt. :
= Statistical error dominates 40 /60 o ey ’<°\°°°
= Systematic error : e
= Energy scale, resolution “oa | z”"””c | \
= Detector material effect 02 08:2::;““' 1 — ;
= Backgrounds O_Z i E

70775 8085 90~ 95 100 705
M., (GeVic’)
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Couplings Results

= Same likelihood fit as used for Agg
= Quark couplings

CDF 2 fb Experimental SM Prediction
Uncert. values (PDG)

u, 0.41+0.14 | +0.028 0.330+0.016 0.3459+0.0002
u, 0.01£0.12 | +0.024 -0.176+0.008 -0.1550+0.0001
d | -0.32+0.26 | +0.057 -0.439+0.011 -0.4291+0.0002
d | -0.02+0.34 | +0.088 -0.023+0.058 0.0776+0.0001

= Electron couplings CDF SLD+LEP SM prediction
e, |-0.056+0.018 |-0.03816+0.00047 | -0.03816 + 0.00047
e, |-0.54+0.19 -0.50111+0.00035 | -0.5064 + 0.0001

= Sin%0,, measured from its relation to the couplings

CDF NuTeV PDG
sin%0,, | 0.2238 +0.0046(stat) + 0.0020(syst) | 0.2364+0.0016| 0.23143+0.00015
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A corrected assuming SM

m C T T T T ]
.:E" 1 A, corrected assuming SM

= Couplings fit used as input 03 sfausing A copints

= Assumes SM relation S |]
between couplings and :
\%ﬁtaticsatl::;ﬁons 7

Jotal N

differential cross section

= Consistent with SM 2 BRI \ R

= Not useful for non-SM / M., (Gewcz)\
physics near Z pole

L Statistical | ]
-| | Total E
of —+ ]
0.2 =
A, corrected assuming SM ]
-0.4 a : and using A _; couplings fits -

0 X - R R B A E A R

. 70 75 80 85 90 95 100 105
= DO result coming soon! _(GeVic))
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Charge Asymmetry in W=—e* v

= U quark carries higher fraction of proton momentum

O—<—— —<=0 Q<= —=0

Boost Boost
W+ W-

= W charge asymmetry
constrains PDF

A(yw):
do,/dy, —do_/dy,, _
do. /dy, +do_/dy,

u(x1l)d(x2)-d(x1)u(x2)
u(x1)d(x2) +d(x1)u(x2)

= W rapidity can’t be measured directly
— Ambiguity from neutrino momentum
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i Lepton Charge Asymmetry

= No ambiguity from
neutrino

= V-A decay asymmetry
tends to cancel W
production asymmetry

= Sensitive to u(x)/d(x)

Aln) =
do, /dn —do /dr _ d(X)

do /dn +do /dr  u(x)

Q<= <<= (<= <=1
Boost Boost
W+ v W- e
________ .J%/ .J%/
/%;tWrest frame % at W rest frame
e+ o
i
e’ et
1| ] ] | | | | | -
0 1
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Raw Asymmetry

= W*—e*v candidates
= E;, missng E; > 25 GeV
« 50 GeV <M;<100GeV ..
= Central (In| < 1) : 49214

= Forward (1 <|n| <3):28806

s Corrections
=« Charge mis-ID rate
= Measured from Z—e'*e- data

= Background subtraction
« Jet background measured from

Uncorrected Asymmetry
o o
n [N

T

'
o
TTTTTTT

=3
prd

data .
= Electroweak background aaf
measured from MC R L I B
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Corrected W charge Asymmetry

Divide E;region to increase sensitivity
= Lower E; (25-35 GeV) = Higher E; (35-45 GeV)

= V-A decay asymmetry o Prgductlon gsymmetry enhgnced
enhanced = This analysis may be good input to PDF
> 0.3 — v 203 -y X
%  [CDF-ll Preliminary, 170 pb % _CDF-I Preliminary, 170 pb
£ 02f 25<E°<35GeV E  35<E°<45GeV
AR T . = 02— T
< 01 g L
B- 3 0
;é oF 'g 0.1 :—
8 oiF §
01 07 RESBOS CTEQ6.1M
0.2 Z_ B (F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,
. B RESBOS CTEQ6.1M 01— Phys.Rev.D67:073016,2003)
0.3 (F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan, T 40 extreme pdfsets
= Phys.Rev.D67:073016,2003) : —
04 40 extreme pdfsets 0.2 :_
-0.5 ; 1 ‘ | 1 1 | ‘ | 1 | | | Il Il | | ‘ | .; : ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ) ) ‘ ) ) ) ) ‘ ) )
0 05 1 1.5 2 25 03, 05 1 15 2 25
ul |

= DO result coming soon!
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Search for Exotica in Drell-Yan

= Sequential Z’ CDF Exotics only.(DO has separate talk.)
= Reference model with SM-like | pjots courtesy of Muge Karagoz Unel
couplings
= M, is only free parameter = Technicolor p;, 7
= E6 Model Z’ = Alternative to Higgs
= Unification at higher gauge mechanism using strong
group dynamics
=« E6—(SO(10) s Extra Dimensions to solve
—3SU(5)XU(1),)XU(1), hierarchy problem
= Z'=Z sSinBgg + 'z 005956 = Randall-Sundrum G
3 Zﬂ Ogg = SIN° \/3/8 = 5-D wrapped space-time
= 2y 0ge=sinV5/8 = Large Extra Dimension
= Littlest Higgs Z’ (ADD)
= Solve fine-tuning and hierarchy = RPV sneurtino
by canceling divergences of = SUSY with R-parity violation
Higgs mass

August 27, 2004 Drell-Yan Production at the Tevatron Jedong Lee 13



Comparison to Expectation (ee)

= Two isolated electrons E; > 25 GeV
= One electron in |n|<1.0
= One electron in |n|<3.0

. CDF Run IT Prelinunary (200 pb '1)

10 | | . Dalta I E

" [] Drell- Yan Mass >(GeVich)[  Negp Nobs
- mitkronl I B I I
o 250 25.1 29
§ : 300 10.4 14
210 350 4.7 8
5 400 24 3

1 450 14 0

100 200 300 400 500
Dielectron Mass (GeV/c *)

Total of ~12500 CC+CP candidates in 200 pb™' data
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Comparison to Expectation (ee)

Two isolated electrons E; > 25 GeV
= Two electronsin1<|n|<3

CDF Run Il Preliminary173pb ! )

ﬁmg = SM prediction MNass Chat Nprep Npara
0 0 2114 & 58 2387
o [ aco dijets 50 2410 + 58 2381
=10 ooz z| 100 144 4 6.7 149
2 t, Wrjets 150 20.8 + 3.7 22
3 200 10.2 + 2.2 14
ke 250 5.0 £ 1.2 10
200 2.5 0.7 &
350 1.4 + 0.33 3
400 0.71 +0.17 2
450 0.39 + 0.09 2
500 0.21 + 0.04 2
550 0.10 £ 0.03 0

100 200 300 400 500 600 70O
M... (GeV)
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Comparison to Expectation ()

= Two isolated u with p; > 20 GeV
LI VR |"I”| <1.0
LUy |T] <15

~ CDF RUN "_F.re_"?it"aw (200pb_7) Mass > (GeV/c?) Nexp Nobe
§ 1w E 2. | 150 [55.25€2.50] 58
o QC0rosmcs | 200 [20.884097| 18
210} 250 0444049 | 9
s | 300 | 5.224032] 6
U 350 3.234024 | |
1 [LTTR 400 2.2840.19 | 1
| 450 1.7940.16 | 1
10° “ 500 1.2440.13 | |
- i ‘ | I 550 1L.03£0.11 | 0

100 200 300 400 500 600D 700 800
Dimuon Mass (GeVic 2}

Total of ~ 7500 dimuon candidates in 200 pb™' data
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Background Estimation

= [Jse data to estimate backgrounds and efficiencies as much as possible
> Veto fakes/cosmics mainly by ET significance and track-timing cuts

ee UM Estimation

Direct Drell-Yan/Z VAR MC
WW.WZ, 77, Z—11. it V4 4 MC
Fakes W+n jets, dijets /v MC/Data
COSIMIC Tays J Data
w5 CDF Rall Prelimi nan173p b")
QCD bgrnd estimation E .
for plug electrons 2

E-4E|E-1EI12345D
Electron Likelihood 1
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Acceptance Correction

= Difference in angular distribution
— Variations in Acceptance
Spin-0 (Higgs) Spin-1 {Z'w] Spin-2 (RS G)

CDF Fun IT Preliminary CDF Fan II Preliminary . CDF Boun 1T Preliminary
] —s— Camiral - Czmtral events E —+— (Cenral - Central evants e —-+— Centmal - Central avents
LR ol =
. —=— Central - Plug eventz - F e (Cpmial - Pluz events sk —-=— (znfral - Plug events
. e CC = CP e CC+CP E —+— CC+CP
08 u G.EE— 3 G'EE_
5 — = E - 5 —
| 0 e iy e 2. £ T et A AT T NN
Ny ik S/
i ode o3
<0 g < ME =
0 a3F - F

|
)
8

0.3 0.2
- e .,
[H1 = e
"I;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 51!II”'I\.lr:“l-l-l”:.'In-:“lqllI”I”Illlllll.:l
o 24 30 400 30 &0 T 300 100 200 30 400 500 G0D TDD  BOD 100 200 300 400 30O SDD Y00 BOD
Dielactron Mass (GeWic 3 Dielectron Mass (GeVic %) Dielectron Mass (GeVic )
0.1 0.1
.j.]g-_ o.0el-
g:u-:us- £ onsk
E [ L ?q:%_: = [
Ej.:q.-_ EOME
LR Eooik
0.0z |:||;|1-_
o 1 1 1 1 1 1 a1 1 ol 1 1 L ]
o 0.4 0.4 0.8 0 0.2 0.4 0.6 0.8 ] [ 0.4 0.8 0.E
caz B cazH coos B

August 27, 2004 Drell-Yan Production at the Tevatron Jedong Lee 18



Limits on E6 Z’

CDF Bun [l Preliminary

. CDF Fun IT Preliminary (200 pb -1) o
10" UL Z.' Mass limit @95%CL (GeV/c3
e (5 - BT E — 11} limuit (85% C.L.) ] .
s P : Model | Runl  Runll (winter '04)
10 | 570 GeV (Z) ; _ZSM 590 735
—_ 610 GeWV (Z ) ]
z P Z, | 495 600
3 ' Z, | 500 580
= 10" Z | 520 635
© Z 480 530
10 CDF Run Il Preliminary (200 pb ')
_ 1 g " [—— BRIZ = pu) imit(85% C.L)
10_3 . ) ) \ ) . . (27 SM coupling) o “}:!E_ U.ERE{ —HL;L]::_DXLS;
200 400 600 800 A SARGY = ) (LOx1 )
27 mass {GeVI:::] G BRIZ, — pp) (LOx1.3)
N 10
e F
'
ee 1. - 6
SM CDF RBun Il Preliminary 1k
CDF Run L(pb™)| Mass limit @95%CL "
10"E
A ('92-'93) 20 505
IB (('94-'95) 90 640 ol
A (winter '04)| 200 750 e
200 300 400 500 G600 700 800

Z' Mass (GeV/ ¢ 9
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Limits on Littlest Higgs Z’

¢ ce: M(Z ) > 800 GeV/c” for cotd = 1.0
¢ n: M(Z ) > 755 GeV/c* for cotd = 0.9

0-Br(Z,—> e¢) (pb)

CDF Run IT Preliminary (200 pb _lj

10

10°

—— - B ee) Lt (95% CL)
O-Br(Zy— ee) LOx1.3

400

600 800
Z,, mass (GeV/c ")

cot(9)

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5——

CDF Run Il Preliminary (200 |}I}'1}
Littlest Higgs Model Z' (Z ,) ]
95% C.L. Excluded Region ]

Dimuon Decay Mode

up

PARN [T TN TN TR [N TN TR TN AN TR SO SR AT TN SR TN NN TN ST T N 1

660 680 700 720 740 760 780
2
Z, Mass (GeVic')
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Limits on RS Graviton

0.1

CDF Run Il Preliminary (200 pb !

0.0~

0.08-

KIM

0.07-

0.06

0.05

| RS Graviton Mode!

t Dimuon Decay Mode

95% C.L. Excluded Region

460 480 500 520
Graviton

:jil.." | Tevatran
W nun prlag- 10, 2000

[ E- ]

I-l-l:

o

now _ {a}
L T T

CDF Run Il Preliminary

m, {C=V)

M. @95%CL (kM,=0.1)
CDF Run | L(pb") -2 a
ee LLLL
[IA (winter '04)| 200 620 605
1{)3 CDF Fun II Preliminary (200 pb -1}
- BriG—ee) limit(@5% C L) :
r o-Br{G—ee) PYTHLA=1.3
10 k Randall-Sundrum hModel
=
B L
T 10 F
]
=
a
=
10°
10° L

200

400 600 , 800
Graviton mass (GeV/c )
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Limits on sheutrino

;  CDF Run II Prelimmary (200 pb -1)

10 : : — cC CP CC+CP
mamtésies (GeV) (GeV) (GeV)
10 Nyl AM2.Br=0.1 | 80 710 840
_ : 2. Br=0.01 650 550 660
E A2.Br=0.001 | 400 340 400
g :
E -1 CDF Run II Preliminary (200 pb )
s 10 ——— &
e EPV wiolating sneutrino
95% C.L. Excluded Region
in dielectron decay mode
lu L " i L " i " 1 " A " '] i
200 400 600 , 800 8 2
¥ mass (GeV/c ") e, 108 ;
-3
ln PR S N SR [N T TR S T [ TR SR T T [ N N T T
400 500 600 700 800
¥ mass (GeVic ")
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Limits on ADD Model

. 2 _ 2
¢ ) conventions NAHG'U”?“ = Forw = Fyrz, Forw =1, Fyrz = - (?’L > 2)

CDF Eun ]IIPIEIiII]i]:IHI}' (2 IZI'!ZI' pb'l} CDF Eun IT Preliminary (200 pb'l‘j

0l 01
TUnsmeared likelikood — Unsmeared Likelibood
L A ] L ooomf .-
& —— Emearad likaliboad ] — Cmeared likelthood
L ERRT
% . §
1; Central-Central 3 oomf Central-Central ]
2 + +
3 Central-Plug ] E 002 Central-Plug
A=0 A=0
55 ) B il eh 3 3% [ [T o5
Inl{Gev") Inl (Gev™)
CDF Run I Preliminary (200 pb~')
Tas Hewet & HLZ GRW
(10-2GeV ™Y (GeV) (GeV) (GeV)

A=-=1 A=41|A=-1 A=+41l|n=3 n=4 n=b a=6 n=7
Central-Central LG 1.1 ST a5l 1174 LT B2 £30) TBH 1105
Central-Plug 2.23 247 18 Tt 73 B8 T 6B 660 | 916

Combined 1415 1.17 UsT 961 1174 UsT su2 . TBD 11005

CDF Run I: 780 768

August 27, 2004 Drell-Yan Production at the Tevatron Jedong Lee 23



Conclusion w

= CDF has measured charge asymmetry in y*/Z—e*e"
= Unfolded A.; without SM assumptions
= Fit for Z couplings
= Consistent with SM

= Charge asymmetry in W¥—e*v also measured

= Increased statistics enables to divide E; regions
= Measurement will serve as input to PDF
= Uncertainty in PDF would be reduced

= Further constraint will be available with do,/dy analysis
= DO results are coming soon

= Exotics (CDF only, DO is on a separate talk)
= Set upper limits to o-BR of various models beyond SM
= Surpassed Run | sensitivity

= Current Tevatron experiments exceed published limits of
previous direct searches.
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Backup
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Charge Mis-ID Correction

= Charge mis-ID biases the asymmetry low
s Measured from Z—e*e" data
s Cross-checked

. o 0.2
with central tracker £ © commomn fuc- oo
0 .
E 0.16 ] COT Seeded Silicon Tracks
Wron E . ] Calorimeter Seeded Silicon Tracks
@ 0.14
f. = g =z
° " total 0ot
0.1
A{ — Ameasured 0.08
rue 1_ 2 fQ 0.06 e
0.04— T
L —y———
o DL L ii LM“
0:\I\|\I\I‘III Illllli Illllllll\l‘l\l
-2 1.5 -1 0.5 0 0.5 1 1.5 2

n
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Background Correction

0.25
- ~ CDFI Preliminary | Ldt= 170/ph
u Dljet events B ® Plg Triggeré[i Data T
- Charge SymmetriC 0_2:— @  Central Triggered Data
= Biases A toward 0 B
0.15— +
= Measured from data -
= Use Calorimeter Isolation Z_ +
vs. missing ET distibution 0'1: + \
= Estimated is upper limit -
0.05:_ ++I _T_:“:—u—
B e .+++
o_l | | | | | | 1 1 | 1 1 1 1 | | | | | | | | 1 1 | 1 1 1
) -1 0 1 2
Bkg vs. Eta

s W—otv—evw,Z—ee
= Charge asymmetric
= Measured from Monte Carlo
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Limits with Likelihood Method

95% CL upper limits on ¢-BR(X—£2£) for spin-0,1,2 and lower limits
on string scale for LED are placed using binned likelihood method.

no e 1: Observed events
L' e ’
i

o L= 0. N + N (resonant particles)
i i i

L(o/m) = H,- |
n,: . u?_: ;'“‘J:ig{'ﬂj + fa'ﬁ':_

bgrd

(LED spectrum)

Likelihoods are used to give the final limits, taking into account the
signal and background systematic uncertainties.

Sources of systematic uncertainties

Luminosity (6%)

Acceptance (PDF, MC statistics, detector description, etc.)
Energy/Momentum scale/resolution

Selection efficiencies

Background statistics and normalization
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