Electroweak and Hints of New

Phenomena at the Tevatron

Andrew Askew
June §, 2012




6/8/12

g=H=5 Outline:

Several recent EWK/NP searches (diboson,
multilepton final states, analyses which are
sensitive to the description from the SM, and
physics beyond).
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g=H=5 Outline:

Several recent EWK/NP searches (diboson,
multilepton final states, analyses which are
sensitive to the description from the SM, and
physics beyond).
Specifically:

Dileptons (Z pr and Agg)

Zy and Search for GMSB in Zy

Trileptons and multileptons (WZ,ZZ)
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g=H=5 Outline:

Several recent EWK/NP searches (diboson,
multilepton final states, analyses which are
sensitive to the description from the SM, and
physics beyond).

High precision measurement of the W mass
(which gives indirect sensitivity to the search for
the Higgs).
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e vertexing

e precision tracking

e calorimetry

e muon system

e (hermetic > missing E;)

Multi-purpose Detectors
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No experimental talk is complete unless one shows our beloved
detectors. | will come back to this too, when | talk about the W mass.
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In principle, a simple
topology, but can
yield insights into
higher order effects

from QCD and 3 Underlying
fundamental
constants of the SM:

Z p- distribution

Hadronic i\’w'ni-

N2
Arg, 5in0y,
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Same 2.1 fb* dataset

as used for previously sormmmmamain ([ cormaimaniers
published rapidity Yo | i Y
distribution, and - i
angular coefficients. -

66 <M, <116 GeV
Three categories:

Central-Plug ee-Pair Mass, Gev

— uﬂi
Both electrons |n|<1.1, ' FF
One electron [n|<1.1and = S
one electron 1.2 <n|<2.8, = . ]

Plug-Plug ee-Pair Mass, Gev

Both electrons
1.2 <|n|<2.8.
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Same 2.1 fb* dataset
as used for previously
published rapidity

10

CDF Run Il Preliminary: L=2.1 fb

Three categories: 103
66 <M,, < 116 GeV/¢
Both electrons |n|<1.1, 44 L_Dete: Crosses

E ResBos: Histogram (CTEQ6.6)
— FEWZ2: Bars (MSTW2008)

One electron |n|<1.1 and -

one electron 1.2 <|n|<2.8,

10—5 PRI (S S SR NN T S S AT SO S ST NS SRS S N S S S N BRI
0 50 100 150 200 250 300 350
Both electrons
1.2 <|n|<2.8.

distribution, and 1
angular coefficients. 107E
66 <M., < 116 GeV 102

Ao/AP; (pb / GeV/c)

e*e” Pair P; (GeV/c)
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Same 2.1 fb* dataset
as used for previously

published rapidity BelibimsimAail RESBOS

distribution, and 14

angular coefficients. g 1.25 Hﬁ #ﬂﬂl
66 <M, <116 GeV £ 1meﬁﬂ+ﬁﬁ+ T SN
Three categories: § 08 |

Both electrons |n|<1.1, 0sl

One electron |n|<1.1 and -

oneelectron1.2<n|<2.8, %% 20 20 60 80 100 120

ete” Pair P, (GeV/c
Both electrons T )

1.2 <|n|<2.8.
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The forward-
backward asymmetry
in the vicinity of the Z
mass Is sensitive to
sin20,, and the vector
and axial-vector
couplings of the u-
and d-quarks.

sin20,, is measured in

the mass range from

70-130 GeV

Events/2 GeV

Events/0.05
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10° x2/d.o.f. = 66.0/40 Signal
D@ 5.0 fb' I Multijet Bkg
I SM Bkg
4
10 JS JUURTS
o "'-o-' ety " -

-1 -0.5 0 0.5 1
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The forward-

backward asymmetry
in the vicinity of the Z .
mass Is sensitive to

sin20,, and the vector os}

and axial-vector -

<

couplings of the u- o

and d-quarks.

sin20,, is measured in
the mass range from
70-130 GeV

PRD 84, 012007 (2011)

DO 5.0 fb

Ll — TR

— PYTHIA
--- ZGRAD2

Total uncertainty

Statistical uncertainty

70 100

300
M., (GeV)
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The forward-
backward asymmetry
in the vicinity of the Z
mass Is sensitive to
sin20,, and the vector
and axial-vector
couplings of the u-
and d-quarks.

sin20,, is measured in

the mass range from

70-130 GeV

PRD 84, 012007 (2011)

«<—— Average 0.23153+0.00016

A —— 0.23099 + 0.00053
A(P) . 0.23159 + 0.00041
A, (SLD) . 0.23098 + 0.00026
ApP . 0.23221+ 0.00029
Ap° —e—  0.23220+ 0.00081
Qf ——e—— 0.2324 + 0.0012

A, (D), 5.0 f' ——e—— 0.2309 + 0.0010

| l | | | J
0228 0.23 0.232 0.234 0.236 0.238

. 2 e
sin Oeff

CDF also made a preliminary measurement
Of Sin28W=0_2320 .|./_ 0_008+o.001
using 2.1 fb

-0.0009
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PR84, 012007 (2011)
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A quick comparison between the new D@
measurement and other measurements.
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- § DO, 6.2 fb” e llyDat
In diboson final states, & . N ke
the SM makes é S — Scale uncert. 1
. - 10 & s 3
unambiguous € - r < PDF uncert
i S M, >0 GeV/ic?
statements about the i3 TR 4
couplings, so any 107 §
deviation is a sign of 10*
new physics. o 1-i§-' N
Thus measuringthese € st © b
. 0 50 100 150 200
cross sections are both  pro ss, 052001 (2012) p fGevie
measurements and 77y % B )
eey data 281 * 17(stat.) = 11(syst.)
Sea rC h e S . oy data 306 * 28(stat.) = 11(syst.)
€€y combined data 288 * 15(stat.) = 11(syst.)
NLO MCEM 204 + 1()(PDF)f§(scaIc)
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Events

Zvy is also a final
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SUSY (as well as a
heretofore
unexploited state)
A complement to
the more typical
channels (yy
+missing E+)

Andrew Askew, EWK al

E: [GeV] Er [GeV]

arXiv:1203.5311, submitted to PRL
Lightest neutralino mass, M(x?) [GeV]

o
3

120 130 140 150 160
T T ] T T ] T

) D2,62fb"  —— Obcerved95%CL. ]
E 700 . Expected 95% C.L. 3
= 600l [[] Expected +1 S.D. _f
g) [ ] Expected +2 S.D. .
Y 500 - Theory _:
- .
S 400 E
E 300 :
_i ....... E
G A e
100 E
o) 0 L I 1 1 1 1 I 1 l 1 1 1 1 I 1 :

70 75 80 85 90 95

SUSY-breaking scale, A [TeV] 16



= Wz/ZZ: DO

In a similar vein, one

can measure the other =™
diboson cross

sections, implicitly |, ' o

searching for new " | - —
physics. - — a0}
These serve asbotha |,  —___ o
test of the gauge : a2
structure of the SM, M R

and an important o(pP — WZ) (pb)

legacy of the Tevatron. |
arXiv:1201.5652, accepted by PRD
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= Wz/ZZ: DO

In a similar vein, one

can measure the other | yzieely
diboson cross COF, 1.9 15 4
sections, implicitly COF, 6.0 b . 1.54;;’;;
SearChing for new 231»2'”51 o 2.01;0.97
P hys ICS. bo.eam’ 1 30 1052
These serve asbotha  [feesws o
test of the gauge — 25207
structure of the SM, SN 16":0 .
and an important 0 2 4

o(pp — 22) (pb)

legacy of the Tevatron. |
arXiv:1201.5652, accepted by PRD
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) Trileptons:

ET Region 7 if N(jets)<2 Region 7 if N(jets)<2
(GeV) Region | if N(jets)<2

I Na d Iffe e nt Ssen Sel one Region 8 if Nets)>1 Region 8 if N(iets)> 1

gion 2 if N(jets)>
Signal: Region 2 if N(jets)>1 Signal:

can choose the trilepton
state (ee+l or track, uu

10
+| or track), and define
| . ?: Region 3 if N(jets)<2 | Region 5 if N(jets)<2 | Region 3 if N(jets)<2
C O n t rO re g I O n S t O Eﬁ Region 4 if N(jets)>1 | Region 6 if N(jets)>1 Region 4 if N(jets)>1

ensure proper ,

76 - 106 5
Region 10 M“ (GeV/ic™)

descriptions of the data. :
T h e n a rm ed Wit h t h at Definition of Control and Signal Regions ’

ﬁ d . d h Region My, cut (Gev/c?) (Er) cut (GeV)|Nj. cut
CO n e n Ce[ I nva e t e Region0 Mye > 20 Er <10 —
h ' | Regionl 76 < Mgy < 106 Er > 15 Njer < 1
a rea S W e re S I g n a S Region2 76 < My, < 106 Br > 15 Njet > 2
fro m S U SY a re Region3 2(;) < Myy < 76 or Myp > 10(? Er < 1(5) Njet <1
Region4 (|20 < My < 76 or My > 106 Hr <10 Njet > 2
expected . Region5 76 < Mgy < 106 HEr <10 Njer <1
Region6 76 < My < 106 Hp <10 Njet > 2
Region7 (|20 < My < 76 or My > 106 Hr > 15 Njet <1
Region8 (|20 < My < 76 or Mgy > 106 Hp > 15 Njet > 2
Region9 (|20 < My < 76 or My > 106 Hr > 20 Njer <1
Regionl0 76 < My < 106 — —
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J Trileptons: CDF

CDF Run Il Preliminary (L=5.8 ™

3 ee+lepton
In a different sense, one éf 3
can choose the trilepton i E
state (ee+l or track, uu o |
+| or track), and define e | .
control regions to £
ensure proper
descriptions of the data. ContelRegen

et
o

Then armed Wlth that CDF Run Il Preliminary (L=5.8 fb™
confidence, invade the :
areas where signals

pu+track

Observed/Expected
N
|

—h
o
TTTTTTT

from SUSY are
expected. = - == } % | -
i }
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:’ =5 Trileptons: CDF

In a different sense, one Optimization cuts

can choose the trilepton My, s, > Mgz — Mg

state (ee+l or track, uu+l or My, e, <75 GeV/c2

track), and define control Mie, <75 GeV/c?

regions to ensure proper Pr > GeV

descriptions of the data. pra (> m“i><83§e_v(;i) GeVie

Then armed with that < ‘

confidence, invade the

areas where Signa Is from Optimized Trilepton Yields for Benchmark

SUSY are expected. Channel ||[SM background|SUSY signal|Observation

Optimize final cuts for the [t 520e ™ 0o |

desired brand of SUSY. pptlepton||  05+0.1 6707 0
pp+track 3.6 1.0 6.2+0.6 3
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At first explicitly a search Al
for high mass resonances
decayingto ZZ. _
In addition, the four - B
charged lepton channel

actually appeared to hint at
a bona fide excess.

Events / 5 GeV/c?
N
I
L J

CDF, L=6b"

® data

Y PYTHIA ZZ -5 4L

P SR R N S, s I -
100 150 200 250 300 350 400 450 500

PRD 8g, 012008 201232

(GeV/c?)

Naturally, the thing to do

2 ACDF
1.5

L=6fb" | - 4| expected
] 1o
[]2e

would be to look in

1
- 4| observed 1
1
]

alternative ZZ channels:
llvv, and lljj.

0.5E

o(pp— X— ZZ) (pb), 95% CL limit

of .

200
Andrew Askew, EWK and Hints of NP at the Tevatron, PLHC 2012

400

M. (GeV/c?)

600 800 1000
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Subsequent checks
in the alternatives
revealed no
excesses.
Note on the plots
displayed that the
empty histogram
would be
representative of a

similar signal to the
implied excess.
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Events / 20 GeV/c®

O A N WO N OO

o TITT[TT T[T I I I [ rrrrroees”
]

Events / 30 GeV/c?

ECDF, L=6 fb'

t(a) electron channel|[ ]a M=325GeM

—e-data

E Z+jots
Wijets, Wy

M, (GeV/c?)
40 r CDF, L=6 fb' —e— data
35F [ ]G +M=325GeV
30F Zijets
25F |4 i
20t I I wz
: Yzz
15¢ N
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5 F [ 7
0 Lk i - R
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2
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200 400 500 600 700

Events / 30 GeV/c?
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10 ECDF, L=6 fb" -e- data
g E(b) muon channel G M=325GeV]
7E
of
5
1
3t
2F
1E
900 200 300 400 500 600 700
M, (GeV/c?)
o L E—
20F [] G +i.M=325GeV
[7] Z+jets
15F =
vz
10F NN 77
: - (b) muon channel
of

200

600

(GeV/c?)

800

PRD 85, 012008, (2012)
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o(pP— X— ZZ) (pb), 95% CL limit

600 800 1000
M,. (GeV/c?)

o(pp— X— ZZ) (pb), 95% CL limit

10"

107
2

— ] acted
'___@ 'TT'L_—S(_:)_ IEIIlij -:xpected i
) g
S
)__-._‘—..:.::::: — |Ijj ot?sewed ]
|\ ———L————ir————l
e Sttt et e
I
F—-—+———-|+————|+———+
00 400 600 800 1000

M. (GeV/c?)

PRD 85, 012008, (2012)
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Subsequent checks in the alternatives revealed
Nno excesses.

Shown are the corresponding limit plots, nothing to
see here.
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&5 W Mass Measurement

Precise 80 5 foemwerzon
— LEP2 and Tevatron

measurements of M, { -~ LEP1 and SLD
and M, constrain the PR et

' >
SM Higgs mass. Saal ||
Prior to this year, the >
status looked =
something like the | Cegl g

. 80.3 - | a T

plOt on the rlght T*{Eeew 300 900

(from the W mass 55 175 195
point of view).
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I  J Methodology

This entire business
sounds easy in
general, but the level
of detail required to
reach the desirec
precision on the mass
is extreme, and
requires an attention
to detail unlike most
other hadron collider
measurements.

\

\

\F,lv('t ron P
T
, -
P\
\ .
. \ ra
Yy
T

~.._Neulrino
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0
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el
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FEEEN BRI
85
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95 100

Transverse Mass (GeV)

Both experiments will follow the same general strategy:

Build up a model of the detector and the inactive material, verify
lepton energy scales and recoil energy resolution.

Then using this model, generate templates of the W mass
lineshape and compare with data. Both experiments also do this
procedure blinded. But methods for doing the above are specific
to the strengths of the different detectors.

Andrew Askew, EWK and Hints of NP at the Tevatron, PLHC 2012
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=) W Mass: CDF

CDF starts with its very
precise tracking.

Verify tracking
alignment with cosmics.

Momentum scale and
linearity from Jhip and W

Perform independent
measurement of Z>uu
mass as an important
scale check.

6/8/12

Andrew Askew, EWK and Hints of NP at the Tevatron, PLHC 2012

CDF Il preliminary JL dt = 2.2 fb”
%10000— .
o | . i
S *Data = {apip=(-1.28420.024 )x10°
: | =—Simulation | |4PP 712840024, )x
] foy
C 1 y2/dof = 95 / 86
L -
5000/ bl
. f 1 J/Y—=-Uuu
]
1 mass fit (bin 5)
/A
| i
3.2 34
PRL 108 151803(2012) m,.. (GeV)
4000 Z
? y2/dof = 30/ 30
(&)
0
o
2 2000~
c
[+}]
>
w
0 L | n o s]
70 80 90 100 110

my,, (GeV)
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=) W Mass: CDF

Once the tracking scale
is nailed, can then
transfer this to the
calorimeter through
E/p measurement
(energy loss, radiative
component and width),
and in bins of E;.

Can then likewise _
check against °
description of the Z
peak.

20000 —

y2dof = 18/ 22

10000

Events / 0.0075

PRL 108, 151803 (2012)

6/8/12 Andrew Askew, EWK and Hints of NP at the Tevatron, PLHC 2012
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=) W Mass: CDF

Once the tracking scale
is nailed, can then
transfer this to the
calorimeter through

1000 —
E/p measurement :
(energy loss, radiative
component and width),
and in bins of E;.
Can then likewise
check against i
description of the Z e ¢ v —— 0
peak. Me. (GeV)

Z—ee
B yZdof = 42/ 38

500 —

Events / 0.5 GeV

PRL 108, 151803 (2012)
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=) W Mass: CDF

Use M-, E; and : *
T =T 15000 [
] ] f b h i W - puv
m|SS|ng ET or bot 3 - y2ldof = 58/ 48
2 10000 —
electron and muon e T
2 i
g -
channels, and then G so00 |-
combine taking into i e A
. 60 70 80 90 100
account correlations. ) (GeV)
PRL 108, 151803 (2012) 10000 w
- i — eV
Distribution W-boson mass (MeV) x~/dof > xdof = 60/ 62
my(e, v) 80408 *+ 19, + 18, 52/48 §
pi(e) 80393 *+ 214, *+ 19,4 60/62 & 5000
pile) 80431 =25, *22., 71/62 2
mr(p, v) 80379 *+ 164, * 1644 58/48 ¢
pi(p) 80348 * 18, * 18, 54/62 "™
ph(w) 80406 + 224, * 20,4 79/62
030 40 50
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t) W Mass: CDF

100

Reach a final 15000 - Wy
> Z
measurement of g (ot =58/48
=] L
M,y=80387 +/-19 MeV, = |
S
. _Fb_l w 5000 __
using 2.2 fb*. :
0 1 1 1 1 1 1 1 1 1 1 1 1
60 70 80 90
Ge
PRL 108, 151803 (2012) M) (GeV)
Source Uncertainty (MeV) i
) 10000 -
Lepton energy scale and resolution 7 !
Recoil energy scale and resolution 6 > J2ldof = 60/ 62
Lepton removal 2 o -
Backgrounds 3 N
pr(W) model 5 P 5000
Parton distributions 10 g
QED radiation 4 =
W-boson statistics 12
Total 19 030 . 20 — oy
6/8/12 Andrew Askew, EWK and Hints of NP at the Tevatron, PLHC 2012 Pr(€) (GeV)
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As previously stated, the game is the same, but the
method is different (solely studying W—>ev here).
Tracking is not as precise, and there is a lot of material
to account for prior to the EM calorimetry.
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Sampling calorimeter,
very sensitive to the
amount of material
prior to calorimeter.
Allow dead material
and the energy scale of
each layer to float, and

g

®
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©
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oS

=] o

o Y
T

T ? T

H=N |
o4 <oy 2
wi!== =
oW W
|
02— |/
PN IV A A A T T
() “ 10 15

eta=0
(normal
incidence)
< -
= T
L L
NI = o SN BRI TR
20 25 30 35 40

depth in radiation lengths (XO)

minimize the global
data/MC 2, using
Z->ee events split into
categories based on

rapidity.

~

48‘_

Fit for nX, from longitudinal shower profiles inZ > ee |

12 = 40.03
ndof = 41

1 |

013 014 015
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number of additional radiation lengths
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Cross check this, to make sure that the
description is robust (done for 1 fb'* anaysis and
repeated for subsequent 4.3 fb2)
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Energy scale and
offset (with the
corrected material

description), verified
for different ranges of

Instantaneous

luminosity (potential

systematic effects
from pileup).
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After taking into account correlations, even though all
three variagles are used, only prand M contribute to the
final measured value value (when comblned with earlier 1
fb?result): M,,=80375+/-23 MeV
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AMw (MeV)

Source mr Pr B
Electron energy calibration 16 17 16
Electron resolution model 2 2 3
Electron shower modeling 4 6 7
Electron energy loss model 4 4 4
Hadronic recoil model 5 6 14
Electron efficiencies 1 3 5
Backgrounds 2 2 2
Experimental subtotal 18 20 24
PDF 11 11 14
QED 7 7 9
Boson pr 2 5 2
Production subtotal 13 14 17
Total 22 24 29

_ _ _ PRL 108, 151804 (2012)
After takmg into account correlations, even though all
|

three variables are used, only p;r and M; contribute to the
final measured value (when combined with earlier 1 fb?
result): M,,=80375+/-23 MeV
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&= =5 W Mass: Tevatron

Not yet the final word Mass of the W Boson
easuremen i M,, [MeV]
forW mass at the I(\D/IDF-O/I | o 80432+ 79
Tevatron, but hereis o e swmeiss
_ DO-Il o o 80402 + 43
the new combined CDF-Il e —o— 80387 + 19
DOl wsw) —- 80369 + 26
Va l UE. Tevatron Run-0//II »w 80387 + 16
Tevatron Run Il results  w=#= —e— 30376 + 33
] World Average - 80385+ 15
now dominate the |
precision on the world N
80200 80400 80600
ave rage . My, [MeV] March 2012

arXiv: 1204.0042
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#=8 Summary:
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The search for new physics at the Tevatron
continues in many directions!

I've barely scratched the surface of all of these

topics, and there were still more | couldn’t cover
because of time.

Check out the references that I've strewn through
this talk, as well as:
http://www-cdf.fnal.gov/physics/physics.html

http://www-do.fnal.gov/Run2Physics/ WWW/
results.htm
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Here are the dijet invariant mass distributions for
W+jets.
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Here we are with background subtracted. Word
is that CDF will have an additional update soon.
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