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CDF Run IT Preliminary (2.0 fb~ 1)

The calculation of & accounts for the trials factor

Where We Search

Final State Data Background o
beTp 690 817.7 + 9.2 —2.7
T 1371 1217.6 + 13.3  +2.2
pErt 63 352+ 28 +1.7
b2jp high-Spz 255 3272+ 89  —1.7
2jrF low-Spyp 574 670.3 +£ 86 —1.5
3jr ¥ low-Spp 148 199.8 £ 5.2  —1.4
etpr 36 172+ 1.7  +1.4
2jr ¥+ F 33 62.1+43 —1.3
e¥j 741710 764832 + 6447.2 —1.3
jor® 105 150.8 + 6.3  —1.2
etoj 256946 249148 + 2201.5 +1.2
2bilow Spr 279 54119 —1.1
jT= low-Xpp 1385 8+ 15 —-1.1
2b2j low-Spp 108 153.5 + 6.8  —1
buTp 528 613.5 + 87  —0.9
uEvp 523 611 + 12.1  —0.8
2by 108  70.5+ 7.9  40.1
8j 14 13.1+44 0

7 103 97.84 122 0

6 653  659.7 + 37.3 0

5 3157 8.7 + 0

4 high-Spr 88546 5.6 0

4j low-Spp 14872 0
4j2+ 46 0
4jr* high-Spr 29 0
4jrF low-Spp 43 0
4jp high-Spr 1064 0
4jyr 19 0
4ivp 62 0
4jy 7962 2+ 0
4juTp 574 590.5 + 13.6 0
4jut ¥ 38  484+62 0
4ju* 1363 1350.1 £ 37.7 0

3j high-Spr 159926 159143 + 1061.9 0

3j low-Spr 62681 64213.1 & 496 0
3j2y 151 1775+ 7.1 0
3jr* high-Spr 68 769+ 3 0
3jp high-Xpr 1706 1899.4 + 77.6 0
3jp low-Spr 42 36.2+57 0
3jyr 30 37.8%36 0
3jvp 204 249.8 + 244 0
3jy 24639 24899.4 + 372.4 0
3ipEp 2884 2971.5 + 52.1 0
3jutyp 10 36+19 0
3juty 15 794+29 0
3jutu¥ 175 177.8 £ 16.2 0
3ju 5032 4989.5 + 108.9 0
3b2j 23 289+47 0
3bj 82 82657 0

3b 67 85.6+7.7 0
27t 498 512.7 + 142 0
2vp 128 107.24+6.9 0

2 5548 5562.8 + 40.5 0

2j high-Bpr 190773 190842 + 781.2 0

2j low-Spr 165984 162530 + 1581 0
2j2r ¥ 22 406432 0
2j2vp 11 8+24 0
2j27 580 581 &+ 13.7 0
2jrF high-Spyp 96 1146 £33 0
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Final State Data Background
2jp high-Ypp 87 80.9 + 6.8
2jp low-Spr 114 79.5 + 100.8
2jpr T 18 13.2 + 2.2
2jy7 142 144.6 + 5.7
2jvp 908  980.3 + 63.7
2jy 71364 73021.4 + 595.9
2jut ¥ 16 19.3 + 2.2
2jutp 17927 18340.6 + 201.9
2iutp 31 277+ 7.7
2jut 57 582+ 13
25uT uFp 11 7.8 £ 2.7
2jut uF 956  924.9 + 61.2
2ju 22461 23111.4 + 366.6
2¢tj 14 13.8+ 23
2¢t T 20 175+ 1.7
2¢% 32 49.2 + 3.4
2b high-Spp 666 689 + 9.4
2b low-Spr 323 313.2 + 10.3
2b3j low-Spp 53 57.4 £ 6.5
2b2j high-Spr 718  803.3 + 12.7

2b2jp high-Spr
2b2jy
2b2jut p
2b2jut
2but

2bj high-Zpp
2bjp high-Xpr
2bjy

2bjutp

2beT 2jp
2|)e.+‘2j

2be+1$
2beEjp

2betj

pEpT
j2vp
i2y
j=* high-Spr
jrrT

jp high-Xpr
T

i

i

jut ¥
wtrE
ntpr¥
TP

it

nty

15 21.8 + 2.8
32 39.7 + 6.2
14 17.3 £ 1.9
22 21.8 + 2
11 14.4 + 2.1
891 967.1 £ 13.2
25 31.3 + 3.1
71 54.5 & 7.1
12 10.7 £ 1.9
30 27.3 + 2.2
72 66.5 & 2.9
22 19.1 + 2.2

19 19.4 £+ 2.2
63 63 £ 3.4
96 92.1 & 4.1
856 872.5 £ 19
3793 3770.7 £+ 127.3
381 4409 + 7.3
60 75.7 + 3.4
15 12+ 2
734290 734296 + 4897.8
475 469.8 + 12.5
169 198.5 + 8.2
83 60 + 3.1
25283 25178.5 + 86.5
36 30.4 + 4.2
1822 1813.2 £ 27.4

52 56.2 + 2.5

203 252.2 + 8.7
4432 4431.7 + 45.2
526 476 + 9.3
1882 1791.9 £ 72.3
103319 102124 + 570.6
71 98 + 3.9
15 12 £+ 2

26 30.8 + 2.6

109081 108323 + 707.7
171 171.1 + 31
152 190 £ 39.3

0 0 DO C PO OO0 0000000000000 COCOCOOC00000000000CCCCO|g

Final State Data Background o
nTuFp 32 3224109 0
utuFy 14 1154+26 0
jpTu¥ 4852 4271.2 + 185.4 0
jut 77689 76987.5 + 930.2 0
et ajp 903 830.6 &+ 13.2 0
et 4jy 25 202436 0
et4j 15750 16740.4 & 390.5 0
etsjr T 15 21.1+£22 0
etajp 4054 4077.2 + 63.6 0
et 3jy 108 793+ 5 0
et 3 60725 60409.3 + 723.3 0
etoy 41 342426 0
etojrt 37 412+22 0
etojr T 109 959468 0
et 2jp 25725 25403.1 & 209.4 0
et 2jyp 30 31.8+48 0
et 2y 398 342.8 4+ 15.7 0
etojutp 22 148+19 0
e+2j_tt+ 23 158 + 2 0
etr* 437 387 £ 53 0
et F 1333 1266 + 12.3 0
efprF 109 106.1 £ 2.7 0
ety 960826 956579 + 3077.7 0
et vp 497  496.8 + 10.3 0
ety 3578 3589.9 + 24.1 0
efuty 31 2094+ 1.6 0
et uFp 109 994424 0
efput 45 285+ 1.8 0
etu¥ 350 3134+54 0
etjoy 13 161439 0
etjr¥ 386 418 + 18,9 0
efjrt 160 1628+ 3.5 0
efjprF 48 446+ 33 0
etiprt 11 83415 0
e*jp 121431 121023 + 747.6 0
etjvp 159 192.6 &+ 10.9 0
ety 1389 1368.9 + 38.9 0
eTjuFp 42 33+29 0
eFjutyp 16 92+19 0
eTjuF 62 63.8+32 0
efju® 13 82+ 2 0
eTeFaj 148  159.1 + 7 0
ete¥sj 717 743.6 + 24.4 0
eteF2jp 32 414456 0
eteFojy 10 114429 o0
et eF2j 3638 3566.8+ 72 0
eteF F 18 161 %17 0
efeFp 822 831.8 4 13.6 0
eteFy 191 221.9+51 0
eteFip 155 170.8 + 12.4 0
eTeFjy 48 45+39 0
eteFj 17903 18258.2 + 204.4 0
eteF 98901 99086.9 =+ 147.8 0
b6j 51 423438 0
b5j 237 1925+ 7.1 0
b4j high-Spr 26  234+26 0
b4j low-Spr 836 821.7 + 15.9 0
b3j high-Spy 12081 12071 + 84.1 0
b3j low-Spp 2974 2873 + 31 0

C.

Hays, Oxford University

399 “standard” CDF
final states
+
180 “standard” DO
leptonic final states
+
many additional standard
and non-standard
final states
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Peak Luminosity

Tevatron Luminosity

World’s highest intensity hadron collider

Collider Run Il Integrated Luminosity
Collider Run Il Peak Luminosity
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* Peak luminosity: 1.5 pb-1/ hour
* Integrated delivered luminosity: 10 fb-1 / experiment
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The End of the Line

« Tevatron Run |I: Mar 2001 - Sep 2011 %
— 12 fb! of delivered luminosity/experiment
— About 9 fb-! available for analysis

g
5

7
g
T

2
2

CDF Acquired Luminosity

=
o
=)
—
fa—y

« Tevatron “Run III”

— Increases delivered luminosity per IR TR
experiment to 18 fb- . .
, | Fraction of SM Higgs /
. i " mass region with >30
Guarantees 30 SM Higgs evidence Signifcance |
— Confirms evidence for new physics - /
— Requires additional $35 million/yr x 3 yrs * ﬁJ

— Department of energy: insufficient funds =~ @222 207 e s0unnuse

Luminosity per Experiment in 1/fb
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Tevatron Legacy

* First evidence of new physics (?)
— Dimuon charge asymmetry 7
— sin 20s O st vt
— tt forward-backward asymmetry | TR RE YT TR
— SM Higgs + m: + mw Y

—
1

E S,= 3.01+0.14
B ;—B-! — I/ AM, = 17.77+0.12 ps~?
002
<

tHE

AL (ps')
(=)
0

« Benchmarks for the LHC - |
— Supersymmetry ST B
— New gauge bosons i s

« Unique sensitivity (?) o
— Corners of SUSY phase space

26 January, 2011 C. Hays, Oxford University 7



First Evidence of New Physics?

1) Dimuon Charge Asymmetry B®
— Measure asymmetry between + and - muon pairs

A= (N* - N-) [ (N** + N-)

Only SM source of asymmetry: semileptonic b decay
— Due to CP violation in Bg and Bs decays (BY « BY)

A= (-2.3%0596) x 104

. . . . 0 uct|  |uc y
Derived from individual asymmetries: Bs !

a,= (AT /AMg) tanpg

as= -4.8%104 2% 104 a,= (2.1 £0.6) x10-°

26 January, 2011 C. Hays, Oxford University 8



Dimuon Charge Asymmetry

 Measurement procedure
— Reverse magnet polarities to reduce efficiency asymmetry
— Measure background asymmetries with data

x 102
w0 f @ Ko DO.61t!| & [ D061 0 (b)
. Cldof=71/52| = y/dof = 22/35 ¢
2000 [ o 100001
) B
1000 Z 5000 :
L K (o) -K(—w) 2 et
0-. A B B B B oL~ ... KJ'.(_.’UJ'.) L K-(_.’”-).
08 09 1 11 12 13 0.98 1 .02  1.04  1.06
M(K'T) [GeV] M(K'K) [GeV]

— Measure inclusive muon asymmetry to exploit common
background systematic uncertainties

a= (N* - N) / (N* + N")
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Dimuon Charge Asymmetry

* |ndividual results
— Inclusive asymmetry: 4, = 0.0094 + 0.0112 + 0.0214

— Dimuon asymmetry: 4; = -0.00736 * 0.00266 + 0.00305
* Improve precision by combining uncorrected results

y 0.006
— A — A - da - —— Total uncertainty D@, 6.1 b’
2 | ---- Statistical uncertainty
.5 0.004 -~ Systematic uncertainty
t -
2 :
= T TRl
= 00021 e
7 L e
0 I T S TR
0 0.5 1 1.5

— Combined asymmetry: 4, = -0.00957 * 0.00251 * 0.00146
« 3.20 from SM expectation

26 January, 2011 C. Hays, Oxford University 10



Dimuon Charge Asymmetry

* Assuming discrepancy is due to B decays, can compare to
existing measurements of a,and g,

_ 4= (0.506 £ 0.043)a,+ (0.494 % 0.043),

e (Can further constrain Bg contribution
using combined experimental value o.01
ar=-0.0047 * 0.0046

— Then 4,=-0.0146 * 0.0075 .-

— Can use this to extract CP-
violating phase ¢s (= -23s)

0

-0.01

0.02F | Standard Model

-~ B Factory W.A.
DO B D uX
G. Borissov, B. Hoeneisen & DO Collaboration IR R B
Phys. Rev. D82, 032001 (2010); -0.04-0.03-0.02-0.01 0 0.01
Phys. Rev. Lett. 105, 081801 (2010) a

-0.03

26 January, 2011 C. Hays, Oxford University 11



First Evidence of New Physics?

2) sin 23s

— CP-violating phase comes from unitarity triangle built
from 2nd and 3rd columns of CKM matrix

1—A2/2 »
Vi Vi 4+ Vo Vo 4+ ViV =0 -\ |
AN (1 - p—1n)
A2
i _—\ M Not P o
"2 SM = J/¥
(= 0.02 in SM) E \ /
: By

Measure using decays to J/y@ = sin(2p)

— CP violation due to interference between decays
with and without mixing

— J/po not a CP eigenstate
— Separate polarizations using angular distributions

26 January, 2011 C. Hays, Oxford University 12



sin 2Ps

« 2008: CDF & DO observe nearly 20
discrepancy with respect to SM

— UTTit Collaboration combined with other data: “This is a
first evidence of physics beyond the Standard Model”
UTfit Collaboration

CDF Run Il Preliminary 2.8 fo™

—06 - — 050228, nosystematics )
" =2 A\ | R PMC Physics A3, 6 (2009)
8,04} i 8
g . CDF Run Il Prel. 2.8 o™ + D@ 2.8 fb™'

0.2 \ ~ . T T T T - T
S . 3 68% CL i

0.0 e T 95% CL /J;‘\

C ' 99% CL

-02f © L \

-0.4¢ / /} ‘

0 . . . N/ . Y (? ----------------------------

.05 10 05 00 05 10 15 ) e
B [rad]
Tevatron combination: 0.4

A little more than 2o deviation from SM s
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sin 2Ps

DO combined the dimuon asymmetry and the
Bs = J/w® measurements of @s

— Results are consistent & deviate by >2¢ from SM

04

0.2

0.0 E_ Fomre e -‘Si\f'

AT, [ps~!]
AT, [ps™!]

/B = I/ 0.2
./ (DD,28 ()

3 O 68% CL

99% CL

-04

[
(=]
[—
&
o
f—
=
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« 1500

r 8.0 MeV/c

1000

500

Candidates pe

sin 2Ps

« Updated DO measurement with 6.1 fb-! uses 3435

Bs = J/wo candidates

| D@ Preliminary * Data
-1
- 6.1 fb — Total Fit
I Bg—>J/w¢ — Prompt Bkg
= — non-Prompt Bkg

Preliminary
4 - D@, 6.1 b’ 61 = —0.42+0.18
“E po 5= 3.01+0.14
= Be = J/ve AM, = 17.77+0.12 ps
2 — 68% CL
= — 95% CL
00 7= T .
| | | | |

Mass (GeV) d)g/""”[rad]
Improved consistency with SM
26 January, 2011 C. Hays, Oxford University 15



sin 2Ps

« Updated CDF measurement with 5.2 fb-! uses
6500 Bs — J/po candidates

CDF Run Il preliminary L=5.21b"
"0 900F 0.6
D 800 0.4
E 700(
. 600F Yo 02
2 o0 =
” 5005— % 0.0
4
AT -0.2
[ L .
-0.4
| -0.6

26 January, 2011

- I -
5.36

54 544
Mass(JAy 0) [GeV/c?]

Improved consistency with SM

C. Hays, Oxford University

CDF Run Il Preliminary L=52f"
- —— 95% CL
i —— 68% CL
[ —*— SM prediction
2 L L |
-1 0 1
B (rad)
16




First Evidence of New Physics?

3) tt Forward-Backward Asymmetry

— Measure asymmetry between top quarks produced

toward and opposite to the proton direction 0,

A= (Nf - No) / (Ns+ Np) = — 1 Au~>())+ \(_\.g<0) s

(
N(y®* > 0) — N(y'* < 0)
O - L
N (y; 0) + ~\(Ur <0)

SM source of asymmetry: higher order interference ,~%
— Interference between LO and box diagram (+) /\
— Interference between ISR & FSR (-)

> > t
q\! J\t g g
7 g - I 4 - = & ;
{ < — 1

26 January, 2011 C. Hays, Oxford University 17




tt Forward-Backward Asymmetry

250

I

[ Top pairs
[ wHjets
[ muttijet
® Data

D@ Run Il Preliminary
L=43fb"

DO presents
observed Ay
distribution and a5

— Solve for neutrino

Events

I L

200

IIIIIIITIIIIIIIIII

" n u 'm
rapidity using mw
and my 0
— Using 1137 o _ :
candidate events, ay
DO measures: =
Niet AR (in %)
Aps = 0.08 £0.04 +0.01 =4 0.8 + 0.2(stat) + 1.0(accept) * 0.0(dilution)
4 2.3 = 0.2(stat) = 1.0(accept) = 0.1(dilution)
— Nearly 20 =5 —4.9 + 0.4(stat) = 1.0(accept) * 0.2(dilution)

deviation from SM

26 January, 2011 C. Hays, Oxford University 18



Events

tt Forward-Backward Asymmetry

 CDF measures the asymmetry in Ay and unfolds
to parton level

450E' UL L DL L L A, =0057+0.028 gBOO: —8— Data reco A=0.057+0.028
e :%atabk A g g = 0011 0.003 37005 —&— 1f Signal A =0.075+ 0.036
400 bkg g A, =-0.013+0.002 [| —*— ffPaton  A=0.158:0.072
- A, = -0.005+0.008 - fiPythia  A=-0.011£0.002
3001 e 5001 —— t
250 1 a00b —
200F- — E - _l .
2 i 1 300F
150 3 C
1005 1 200¢ %
C ——— C
50 —— - 100 + *
- L 4
= 0 -
0 T BT T
-3 -2 -1 0 1 A §= - y3 ’3 2 -1 0 1 2 3
t % Ay = yt - y?

Parton 7', = 0.058 £ 0.009: Nearly 1.50 deviation from SM

26 January, 2011 C. Hays, Oxford University 19



tt Forward-Backward Asymmetry

 CDF measures asymmetry as a function of ms
— For my > 450 GeV, measured 2 30 larger than SM

— data

© 160 A = 0.21+/-0.049
0.6 ;140 tEA+ b'gow /-0.05
=0. £ =-0.017+/-0.
= |+ data g bkg
= NLO ti+ bl 4120 A =-0.024+/-0.11
<0 SE 100
SE S S— : 4
80—
oaf o
N . 40— l
03} . ] 20f ;
L ! E. . — .
N ! 03 2 A 0 1 2 3
, | AY=Y,-Y;
0.2 i
' — data
E : — © A =-0.016+/-0.034
0.1 } | <, 500 tt + bkg
. ! £ A = -0.0087+/-0.034
= 1 g bkg
N ' W 400 A = 0.00073+/-0.069
(0] Sty daipeteiel SR L L L L P e P T PEE PP PP PP EEPEEPPEEPEEPEEY CEPPERPE C
n ‘ ! 300 —=
'01 0| paa 1oy 1I I 1 | L1l L1 T | Ll 200}
350 400 450 500 550 600 650 7 800 F ; .
Mg(GeV/c2) 100
03" 2 1 0 1 2 3
Y=Y,-Y,
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tt Forward-Backward Asymmetry

 Possible theoretical issues
— Mass dependence underestimated?
— LO + box interference effect underestimated?

2 MC@NLO
1% selection  all M,;  M,, < 450 GeV /& M,; > 450 GeV /2
1% inclusive 0.024 £0.004  0.015 £ 0.005 0.043 +0.007
0.44F 4-jet 0.048 £0.005  0.033 %+ 0.006 0.078 + 0.009
012 5jet  —0.035+0.007 —0.032+0.009  —0.040 + 0.012
0.1 ™y 2]
3 selection N events  all M,; M;; < 450 GeV /e® M,; > 450 GeV /c®
0-0% inclusive 1260 0.057£0.028  -0.016+0.034 0.212£0.049
0.06F djet 939  0.065+0.033  -0.023+0.039 0.26+£0.057
0.04F- MCEM Sjet 321 0.034+0.056  0.0049+0.07 0.086+0.093
v | Data Data - MC@NLO
%0400 "60p 8 10 owo inclusive  0.169 + 0.049
CDF Collaboration, arXiv:1101.0034 JJst 0.182:£0.058
olfaboration, arxlv. - 5-jet  0.126 + 0.094

submitted to Phys. Rev. D
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First Evidence of New Physics?

4) SM Higgs + m: + mw
— First evidence might come from an exclusion

« DO & CDF will directly exclude the SM Higgs for my < 180
GeV if it does not exist

«  Measurements of mw and m; (and other electroweak data)
exclude my > 158 GeV

=158 GaV Tevatron Run 1I Preliminary, <L.> = 5.9 i\

6 7= - i
1 W Ao, - E LEP Exclusion Tevatron
5 — 0.02758+0.00035 h 2 10 | T - - EXC]“S")“-—_
1 T % - 0.02749+0.00012 ,E —— Observed : /
4 - 1 % v incl. low Q2 data - : — ié‘éﬁiﬁﬁiﬁ ] '
o | o
= 37 l &
| e
=
2+ - -
] 1 L
SM=1
1 - -
] E | d d -:.;l o | (——Ientroanulusulm ! : ; ‘I.“I.‘.l? .,OU.]. . .-
o I=XCHCeT N &  FPreliminary 100 110 120 130 140 150 160 170 180 190 200
30 100 300 H(GEVI'C )

m,, [GeV] .
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The LHC Era

« Expect most (all?) new physics searches to be superseded
by the LHC

— Limits provide benchmarks by which to measure LHC progress
— Strong production:

Search Tevatron LHC
Dijets mq* > 0.87 TeV (CDF) mgq+ > 1.58 TeV (CMS)
Jets + pr mg > 0.42 TeV (CDF/D0O) | mg > 0.65 TeV (CMS)
Leptons + jets mra1 > 0.30 TeV (DO) | mra1 > 0.39 TeV (CMS)
Leptons + jets + pr My > 0.34 TeV (CDF) my > 0.36 TeV (CMS)
c-jets + pr Mstop > 0.18 TeV (CDF) -
b-jets + pr Msbottom > 0.25 TeV (DO) -
Long-lived particles Mstop > 0.25 TeV (CDF) | mstop > 0.20 TeV (CMS)

26 January, 2011 C. Hays, Oxford University 23




The LHC Era

« LHC also superseding Tevatron in weak production
— Will overtake in all standard searches by long shutdown

— Weak production:

Search Tevatron LHC
Lepton + pr mw > 1.12 TeV (CDF) | mw > 1.36 TeV (CMS)
Dileptons mz > 1.07 TeV (CDF) | mz > 1.14 TeV (CMS)

Diphotons + pr

R > 0.48 TeV (D0)

R1>0.73 TeV (ATLAS)

Ditau

mz > 0.40 TeV (CDF)

Trileptons + pr

my: > 0.13 TeV (DO0)

Four leptons

mg > 0.49 TeV (CDF)

LHC still to demonstrate sensitivity with jet tagging & taus

26 January, 2011

C. Hays, Oxford University
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Unique Sensitivity?

* Are there analyses where the Tevatron still has sensitivity
and the LHC might not?

— LHC might have difficulty identifying soft leptons or jets

« Experiments have demonstrated ability to identify soft
electrons and muons in clean environment

« Can recover sensitivity with boosted events

— May motivate Tevatron searches in parameter space of
small mass differences between new particles

* e.g., small difference in stau & neutralino masses resulting in
soft tau leptons

« Still opportunity for discovery?
— Other processes at low Q2 and qq initial state?
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Unique Sensitivity?

Squark to chargino / NLSP + quark

— Chargino / NLSP decays dominantly to
stau at high tanf3

— Final state of 2 jets + tau + pt

Gluino to sbottom + bottom

— Optimize for large and small mass
differences between gluino and sbottom

Chargino + Neutralino production

— Include final states with two taus to allow
for decay through staus

— Gap in sensitivity when leptons are too soft

26 January, 2011 C. Hays, Oxford University
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Summary

Tevatron search legacy will include a sizable chunk of
probed parameter space (+ first evidence of new physics?)

Lack of “Run llI” a loss for the field

Need Tevatron to work harder to ‘ g
recover sensitivity and fill in the cracks S5 88

Need LHC to work harder to
maximize overlap with the Tevatron

Eventually: the work will pay off!
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