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Overview

T I -

- Introduction

* Featured Analyses :

most recent Run ITa D results

(1) Search for Randall-Sundrum
Gravitons in dielectron and
diphoton final states

(2) Search for excited electrons e*
in the electron + photon final state

"o Data Selection

o Backgrounds
o Result

» Conclusion & Outlook \0_Limit
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(3) Search for a W’ Boson in
electron + MET final state
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Introduction

Standard Model

Describes the fundamental fermions
and their interactions

Prediction of
- W, Z production cross section

- Top quark
- A,
... But it is not considered to
be a complete theory
Who ordered
THAT!?1? What about

- humber of fermion families ?
- hierarchy of fermion masses ?
- fine tuning ?




Tevatron & D@ I

(m)o - [f/——

Tevatron ~ _
circumference ~ 6.4 km

Mdifi Enjector A
"Recycler”
= _circumference ~ 3.2 kr

Recorded Luminosity dur'lng Run ITa (2001 - 2006) : 1.3 fb"!

P e s o, = 7—:-"‘-“1

ol _

e — ———
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Extension (I) : Extra Dimensions (ED)

s T T T O . T T T T T -

Hierarchy problem :
EW scale « GUT scale « Planck scale (~102 GeV « ~10'° GeV « ~10'° GeV)

Idea:
1 fundamental scale (~ tens TeV) with 1 + 3 + 8 time-space structure

Randall-Sundrum Extra Dimensions (RS ED)

N A
- one (5th) extra dimension (8 = 1) R €
- 2 branes : Planck (Y = O) and TeV/SM (y = nr'c) j;. el 1
- 'war'ped' me‘rr'ic ds2 — e_Zk‘y‘ﬂﬂvdxﬂde _dy2 7.::-_:-_:—_—_—_:—_—_:—_—_—_:—_:—_::—_—_—_:—-_\

Planck el

-SMbrane A_ =M, e " ~1TeV = kr, ~11 (,natural)

. k
- KK gravitons m, = x ke e — =x,-A_- ~ QO(6eV) - O(TeV)

x,=0;x, =3.83... Planck




Extension (I) : Extra Dimensions (ED)

s T g

2 free parameters : mass of lightest KK excitation m; and k/Mp .k

0.20 I_ | | | | ] ] | | | A1 | | | ]
- no quantum gravity )
i Tevatron > )/ 1 5d curvature
IR5|<Mj3 , ,
0.10 —— scalar in AdSy :

R, = -20k*

0.07

RegIOH
I ed Ar<10 Tev
A

/

0.05

k/ LIPI

5d Planck scale :
1‘453 =~ kM?’lanck

0.03

0.02

Davoudiasl, Hewett, Rizzo
PRD 63, 075004 (2001)

U'Ol | f 1 1 | | | (WA | 1 | 1 | 1 1 | 1 | 1 1 1 1
1000 2000 3000 4000 5000

; (GeV)
Many other types of ED : Lar'ge ED, TeV1ED,.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 LI
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RS ED : Data Selection e/ o

s T T T T T T . T ]

Note : Br(G > vyy)=2Br(G > ee) q e\ q Sy

Idea : do not distinguish in final state between electrons and photons

Event selection :
* triggered by EM or diEM triggers
- 2 electromagnetic objects (diEM) in the DJ Calorimeter
- no track match required (y I!l)
- energy deposition patterns consistent with
electromagnetic showers (isolation, shape, ...)
- both in central calorimeter : [n| < 1.1

- ET > 25 GZV
- mdiEM > 50 GeV
= 50354 Events




RS ED : Backgrounds

s T T T O . T T T T T -

Backgrounds :
* physics : Drell-Yan / Z & direct diphoton from Pythia MC

- instrumental : from Data

-> gives an estimate for the
shape of misidentified
electrons/photons

-> fit the invariant mass
dlS'I'r‘Ib!.jTlon around Th,e Z4 80 100 120 140 160 180 200 20
peak with sum of physics < S Invariant Mass (GeV)

Fit : 60 GeV < mygy < 140 GeV

Z 3000 =

g - D@ Run Il Preliminary, 1.1fb

E‘“ . —— data

% E - instrumential background
Select diEM objects failing 5R0001 — Bl
the tight shower criteria £ \f

=

= -

and instrumental background
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RS ED : Result

s T g

For different Graviton masses we make use of an optimized mass
window in invariant mass distribution

Some Examples :

Window Background
[GeV]

230 - 250 470+6.1
310 - 350 159+3.2

370-430 70+12
460 - 540 3.38+0.76
550 - 650 0.78 + 0.10

630 - 770 0.76 £+ 0.33
710 - 890 0.15+0.03

790 - 1010 0.08 £ 0.02

D@ Run Il Preliminary, 1.1f5'
—— data

[ instrumental background

—t
<

—h
<%

—— total background

3

Numbet of Fvents/10 GeV
=

—h

—
Q
—h

;

—h
<
b

300 400 500 600 700 800 900 1000
Invariant Mass (GeV)

Good agreement between data and
sum of backgrounds

Uncertainties :

Cross sections, efficiency corrections,
PDF, accep‘rance
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RS ED : Limit

- Bayesian approach with a flat prior
- Systematic uncertainties are represented by Gaussian priors

D@ Run Il Preliminary, 1.1fb’ D@ Run Il Preliminary, 1.1fb’
—~ 10%E : . : - : ! : :
= —e— 95% CL upper limit Cexcluded at 95% €L
»a; - e ---~<pﬁqiﬁvifv ;
o E s RLINLT sensitivity 7
1 Sl K\ET/M.. = 0.1 — DO:PRL 95, 091801 (2005)
() a3 LT P ' . exéiudcd Oy -precision GWK
il e k\8n/M,, = 0.05
S - -+ K\87/M,, = 0.02
c% I === K\BT/M,, = 0.01
2
l::_’. 10 -
© £
102t i S
: E \\\\ “'-.,"" W\' .\\“E:
st s a6 001 "=
200 300 400 500 600 700 800 900
graviton mass M1 (GeV) graviton mass M1 (GeV)
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Extension (II) : Excited Electrons e*

Possible explanation for hierarchical structure of fermions :

Substructure of fermions ?? observable : radiative decays

Production :

EW Contact Interaction CI
(here: neglected)

Effective theory :

Decay : / / /

0 SYW —> LY Par'ame’rer'i :
g,“ N €Z (EW) i ,,QOlden“ MC(S'S r21(| )
rosreen L y  Ew) [EEEE
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e* : Data Selection (ee) q e

Event selection :
* triggered by EM or diEM triggers
- 2 electromagnetic objects in the DJ Calorimeter

- energy deposition

. > B imi 0fb'| e DATA
patterns consistent §1o4§— g D@ Run Il Preliminary 1.0 fb ——
with EM showers = & oy oo
- associated tracks §103 3 WW/WZ/ZZ incl.
- ET (61) > 25 GeV 102; [:] Xbar incl.
_ ET (62) S 15 Gev ; CACD (estim. from DATA)

-Inl<1lor15<|n|<25 10
- separated AR > 0.4

T

——
=

Data :
62930

Background :
%/44

61560 + 120 (stat) + 6553 (sys) 600
m,, (ee) (CC/CC) [GeV]

0 700
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e* : Data Selection (eey) q e

Photon Identification q e
- electromagnetic object in the D@ Calorimeter
- energy deposition patterns consistent with EM showers

- ho associated track, isolated
-E;>156GeVand In|<1lor1b<|n|<25

2 @ Run Il Preliminary 1.0 fb™!| ® DATA S FpoRuni Preliminary 1.0 fb"’ ® DATA
O 50— [ DY+y — eey ~ 35— DY+y — eey
2 - Bl DY+y — 1y ‘2 L B DY+y — 1ty
[ - I DY+jet — eetjet @ - +jet — ee+jet
o 40— Bl WW/WZ/ZZ incl. o 30 n B W\W/WZ/ZZ incl.
s - [ ttbar inal. - [ ttbar incl.
- [_] QCD (from DATA) 25— [ ] QCD (from DATA)
30— -
- 20—
20 15
- 10
10— -
C 5—
0 - 0 ~ L —
20 40 60 80 100 -3 -2 1 1 2 3

120
p () [GeV]

Good agreement between
data and background

Data : 259

Background : 232 + 3 (stat) + 29 (sys)
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e* : Limit

Optimize cut on m(ey) wrt the expected limit
How to combine electron and photon ??

For m(e*) < 300 GeV : For m(e*) > 300 GeV :
e, + Y Combination closest to m(e*)

N 35 . DATA = [ D2 Run Il Prelimi 1.0 fb!
2 - D@ Run I Preliminary ---:---- Signal m(e*)=100 GeV, arb. nor. 8 102 un R minany
£ |10 I DY+ — eey o F
¢ 3 I DY+ — tty ~ =
s T I DY+jet — ee+jet 2 r
25 I \V\W/WZ/ZZ incl. S 10 .
T [ 1 ttbarincl. o - [ acs mem aa
- [ QCD (from DATA) -
2 - - B
- 5 165 a7, =300GeV
1.5 ' =
: i A=1TeV
1= 107
05— 5
- 107
0_ I | : 1 i I . . % oz | i 1 ] ] 1 i 1 I
0 1 2 3 4 AR(e 7)6 0 100 200 400 500 (€1} [GGO\(')]
2 mlnv ey €
AR (e,, 7)< 1.8 | Data: 0 Data: 1
, .
Background : 0.31 + 0.09 Background : 0.28 + 0.10

Attt
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*  Result
e esu
o) 102 A S S i """ e G, (A = m,.) (GM decay only)
o - DO Run IIPrellmInary 1 Ofb .
Rl - - "0 - - it cl = ma‘}
:q-;-. i \ '\‘.. —_— a, (A =1TeV)
% L ;

) 10 — O, (A =2TeV)
T P, — G (A =3 TeV)
o N G (A =4TeV)
g N 6 (A T
h 1 .............................................................................. I:l theor. uncert.
< obs. limit (95% CL)
O TN 8 by N i exp. limit (95% CL)

10

102

10°

100 200 300 400 500 600 700 800 900 1000

Uncertainties :

Efficiency corrections,
cross sections, PDF
luminosity, misID, QCD

Neglect decays via
Contact Interaction :

. > 946 GeV
A=m,

m,. [GeV]
> TG CDF IT (202 pb1):
A=1TeV m(e*) > 879 GeV
CHEN & Carsten Magass = 7-26-2007 s SUSY 2007 DS




Triggers:
E1_2L10_T10L10 1 MET B v
* . E isp|
e™ : Event Display 3¢ - g
E1_2SH10
E1_L70 M HAD

I s s T T S i

ET scale: 83 GeV

Carsten Magass

95

(GeV)

em particle et: 94.44
em particle et: 63.59
MET et: 6.57

em particle et: 46.91




Extension (ILI) : Heavy Gauge Bosons

s T T T O . T T T T T -

Additional gauge bosons (W", Z") are introduced in
many extensions to the SM : S%), So010), E., ...

Parameters :
- mass, width

In addition :
* mixing (mass eigenstates # group eigenstates) ¢

* hew fermion - boson - couplings g’
+ hew CKM - Matrix U’

Make assumptions to reduce number of parameters :
>¢=0, g=gg . U=U,,

m,. <180GeV :T,, =V .T,
mW
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‘.. . I W' e
W : Data Selection (7>’W<V

Event selection .
* triggered by inclusive single EM triggers
* missing transverse energy MET > 30 GeV
- contains 1 electron candidate
- energy deposition patterns consistent with
electromagnetic showers (isolation, shape, ...)
- in central calorimeter : [n| < 1.1
- E;> 30 GeV
- frack match in zand ¢ direction (no E/p)

Further cleaning cuts :
*0.7<E{/MET <13
* no jet activity in opposite direction of electron/MET

-> Reject fake MET




Events / 1.00 [GeV]
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W*: Backgrounds

Backgrounds :
* dominant : W from Pythia MC
* minor : WW, ZZ, WZ, Z from Pythia MC

DR P pir ] QD (rom et
: eI EOW sty
I o Bl Zy »ee
50 | o CZly 51t
] 1 o B WW incl.
4 T 5 I ffincl.
4 sz incl.
30 i ZZ incl. o« . - 5
gt “+ Data Method similar to diEM analysis :
20 It . ope .
: ] - electron candidate failing tight
1 o shower criteria

o SRR A R A - scale to data + SM PYTHIA MC in
m; [GeV] low m+ region




W’ ResulT

MET Transverse Mass m.

10°3 —— Signal m =500 GeV
% 5 _DQ Run . Pre"mm_aj_n O w-ev —— Signal m =500 GeV
O U 900 pb™ | — acD (from Dat)
Pt ] : A -1 :l Woev
gotgpt IRz -ee .| 1 QCD (from Data)
c\i1u“i IZ]Z/Y*._)W CIwoaty
PR L R M | Iz >ee
r—PE N S R N N ftincl. : .
S 10°3 | wz incl. 12y 5
> ] T ;| I 2z incl. WW incl.
G 1o ] AN, | I 22 —x
] ' Ik E E ; ; : T fincl.
3 | wzinal.
o s | zZincl
” "T™ —— Data

—h
=
I

100 150 200 250 300 350 400

MET [GeV]

......

m; >
150 GeV 623 + 18 (stat) + 79 (sys)
200 GeV 211 + 9 (stat) + 28 (sys)
300 GeV 31+ 2 (stat) + 6 (sys)

400 GeV | 8 8 + 1 (stat) £ 2 (sys) Good agreement between data and
500 GeV 2 + 1 (stat) £ 1 (sys) sum of backgrounds

100 200 300 400 500 600
my; |
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95% CL Limit

2 | — Theoretical Prediction
: 10 (incl. NNLO Corrections)
:}

o s e gbg, Limit 95% CL

1 N 77 e exp. Limit 95% CL

E, ' ' Excluded (Run I)

m

© 10 e

500 500 700 300 900 1000 1100 1200

W' mass [GeV]

Limit :
Use m+ distribution
(m; > 150 GeV)
- shape information

Uncertainties :

Cross sections,

normalization, QCD scaling,
efficiency corrections, PDF,
electron energy scale

Assuming SM couplings and no

mixing with new gauge groups

the mass limit is 965 GeV
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Triggers:
EM_HI

i, £
EIPCED

%A
RS
8 S S

. =265GeV
E: =265GeV

:it Carsten Magass

et LY o ol

-1 eta
2
3
2, =—38.36 cm

1z, —2,1=0.04cm

=

°p

pr

\Lewes

e

il




Conclusion and Qutlook

> interesting signatures to look for at the Tevatron

> presented 3 new analyses :

- Search for Randall-Sundrum Gravitons in diEM spectrum

- Search for excited electrons

- Search for W in electron + MET final state

> in1fb! no evidence for ,New Physics' found -> new restrictive limits

v For k87 /M, . =0.1 mass limit on RS Graviton is 865 GeV
v' For A=1TeV the mass limit on e* is 756 GeV
v' Mass limit for W’is 96

Luminosity (/fb)

F

5 GeV (SM couplings, no mixing)

Run IIb ongoing with

improved accelerator & detector

- Reveal ,New physics' with

higher luminosity ???

— Delivered

— Recorded
| | | | |
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Backup




Performance

s T T T O . T T T T T -

3.4 1 Collider Run Il Peak Luminosity
3.20E+32 3 20E+32
3.2 +
&
2B0E+32 T 260E+32 3.20
3.0 +
240432 | 2 0B+
2.8 + ¥ )
%’ 2.00E+32 Al 2 00E+32 8
o i < /
2.6 + £ 1' >
E 1oEsm B84 ) G0E+32 &
= £
24 + 5 1,20E+32 1 20E432 = /' /f
]
a
o
2.2 T soea B.ODE+31 [ 3
2.0 T sooee 4 ODE+31 lz'?z B
1.8 - oooE+00- L 0.00E+00

A
<
N

Luminosity {/fb)

// v
//

End of Run IIa

— Delivered

0.2 — — Recorded
ﬁﬂ"‘
0.0 Ameemmmpe=== — T
Apr- Jul- Oect- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul-
02 02 02 03 03 03 03 04 04 04 04 05 05 05 05 06 06 06 06 07 07 07

RWTH it Carsten Magass :: 7-26-2007

A

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
r

SUsY

2007



RWTH it Carsten Magass :: 7-26-2007 :: SUSY 2007 :::

RS ED : CDF & D@D

— - T s O T g s = g = = " ol -

k/Mp, vs RS Graviton Mass Exclusion
- 01

Q

= - Tevatron Run Il Preliminary
2 0.09F

e -+~ “‘3
e s— *Aga + - . . .
oosf —— COF:1 ee(0812fb)

0.07f
0.06

0.05 excluded region

=

o

F=N
KlllillilEil!‘li!!ll!!il!lil

o
ol
T




RS ED CDF

RS Graviton 95% Confidence Limits

— 10%¢
-g_ = CDF Run Il Preliminary
~ 10k —— e'e’ limits
L2 AN —»— vy limits
Tm L N —s— yy + e'e limits
r E %=, — LO6.Brx1.3
© ¢ Os
e -
@ 10"
o e
RIS W
S i 2= = == S-S
10°E
— qﬂ,as.
10 A oy
= | Ldt= 08-1.2fb %300,
10"5_III|IIII|IIII|IIII|IIII|IIII|IIII|II
200 300 400 500 600 700 800 9002
M, (GeV/c)

E3_01IcFIIRIIIhIFIIII|IIII|IIII|III|IIII|I
un Il Preliminary
X 0.09
I Ldt= 0.8-1.2fb"
0.08

IdM VS RS Graviton Mass Exclusion Plot

0.07
0.06
0.05
0.04
0.03
0.02

00 300 400 500 600 700 800 9002
Graviton Mass (GeV/c)

0.
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Extension (II): Excited Electrons e*

o T
T 0.9
0'd
(@)]
=
-
Q e* - v W
c
0 :
m ':

(2 Y /

e* el

o]
....................................... | £
300 400 50 & 100 200 300 400 500
M,. (GeV) M., (GeV)

Lepton required for trigger, ~ check BR fiir leptonic decays of W and Z

clean final state . ,
> 70% of e* - lepton + X decays into

.golden’ channel ¢ — ey
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* : Result

s T g

Gauge mediated 1 Y A
: Loy = —Fjo™ —W” +q f'—B,, + G” Fr
Interaction : oA 95 Wi+ 915 B+ 955 G
o Excited Electron Searches (f = + )
10 E
- -
m L
' H1 HERA |
'2' :_ (120 pb™)
- F CDF Run Il (202 pb™) '
- [ 'E; Note :
i . - (ndiree)  Contact Interaction
un D . .
10° & orelim.) contribution here neglected
£ H1HERAIL1(435pbY) | Tevatron : CI ~ 100 * GM
L (prelim.)
10 LEP (direct)
_IIIIIII|||I|||I|||||||I|||I|||||||I|||

100 120 140 160 180 200 220 240 260 280 300
Thanks to E. Sauvan and A. Meyer €* Mass [ GeV ]
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