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Outline

* Extensive program of searches for New Phenomena

*  Search for resonances and excesses in the
production of SM particles

% Signature based in addition to model based
searches

% Signatures presented in this talk:
* photon + MET (LED - qq — vGkk)

Q|

electron + MET (W) z
Two EM objects - di-EM (LED)

* ¥k

Two electrons (7" and RS graviton) d e

* electron + muon (RPV sneutrino) >——1——\
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Motivation w

* Heavy Resonances

* Extra gauge bosons

% SU(3)xSU(2).xU(1)y embedded in a larger gauge group (SO(10), E6, ...) to
achieve grand unification, after symmetry breaking, U(1) groups survive

* L-R symmetry, “little Higgs™ models

*  SUSY with RPV resonant production may occur with lepton pair of same or
different flavor decay products

* Randall-Sundrum model, one extra dimension = excited KK modes G*
* Excesses on the production of SM particles

* LED models with n - extra dimensions can give rise to a real graviton emission,
or virtual graviton exchange
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Photon + MET '
Large Extra Dimensions %

%* Resultbased on 2.7 fb™! of data
* Event Selection
% Single Photon with Er > 90 GeV
* Central (|n] <1.1)
* Isolated in both the tracker and the calorimeter
¥ MET > 70 GeV

* Clean event

% Veto on muons, jets, energetic tracks and other EM objects
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Photon + MET

Large Extra Dimensions

- z-y plane

* Backgrounds
¥ Zy—=vvy, W+y L
* Studied in Monte Carlo \\ /
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* W—ev, W/Z + jet, non-collision

*  Studied from data using distance of

£ 18
closest approach (DCA) templates ~ §re-|  —>° | —
. : 9 14¢ » F L
* Pointing algorithm based on G F non-collision 1
. . - || misidentified jets o2}
transverse and longitudinal 101 R
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Photon + MET
Large Extra Dimensions

* Good agreement between data and
background.

* Proceed with setting limits on 3 2
the fundamental Planck scale Mp 22 bo R‘i‘;::"m'"a” 2715
‘,E, 16 Z+y
u>J 14 BWwW-ev
12 no_n_-collig!on .
Z+y 295 + 2.5 8 — LED n =4, M_ =870 GeV
S5+ 2. 6
W-—ev 85+ 1.7 4 |
W+ 22403 2 ﬁ%_%ﬁl% _ 1 1
Y e 0"400 150 250 300
Non-collision 6.6 +272 Photon p_[GeV]
Mis-identified Jets 3.1 £1.5
- Total Background 49.9 + 4.1
Events 51
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Photon + MET

Large Extra Dimensions

% For limit setting, photon Er distribution
in data is compared to signal +

backgrounds looking for discrepancies

* For signal study LED with number of

extra dimensions, n, ranging from 2

to 3

Observed (Expected) = Observed (Expected)

cross section limit (fb) M(D) limit, GeV
2 19.0 (14.6) 970 (1037)
3 20.1 (14.7) 899 (957)
4 20.1 (14.9) 867 (916)
5 19.9 (15.0) 848 (883)
6 18.2 (15.2) 831 (850)
7 15.9 (14.9) 834 (841)
8 17.3 (15.0) 804 (816)
loannis Katsanos, UNL

Events/10 GeV

DO Run Il preliminary 2.7 ft5'

—*-data
Z+y
BW-—ev
non-collision
misidentified jets
W+y
— LEDn =4, MD =870 GeV

T b4

"~ 150 200 250 300
Photon P, [GeV]

T

- expected limit
— observed limit

® CDF 2.0 fb™! limit
A | EP combined limit

D, Run Il preliminary 2.7 fb'

3 4 5 6 7 8
Number of Extra Dimensions
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Electron + MET
W' Bosons

% Published result based on 1 fb™! of data
* Event selection
* Anisolated EM candidate with E1 > 30 GeV
% Shower shape consistent with that of an EM object
* Track matched
* MET > 30 GeV
* Backgrounds
* Physics:
*¥ W—ev (dominant), WW, 272, WZ, 7
* Are studied in Monte Carlo
* Instrumental Background

DO, 1fb! —+— data (a)
[ Iw—ev

[ ] QCD (from data)

B other

— my,, =500 GeV

......... m,, = 1100 GeV (x 200)

Events/ 6 GeV

o . . 0 0 0 0 o ‘860‘ | ‘1000
* Jet mis-identified as electron m. [GeV]

% Studied from data, by selecting a sample of fakes

* Fit Mt spectrum in data with the sum of backgrounds
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Electron + MET
W' Bosons

DO, 1fb"' —— data (@
o w—ev

[ ] QCD (from data)

I other

—— my, =500 GeV

,,,,,,,,, m,, = 1100 GeV (x 200)

Events/ 6 GeV

* No evidence of W' in data, so proceed with
setting a limit m (6]

. . . S V77777
* Use Mt distribution above 140 GeV to = === Theory (NNLO)
5 10%= o ..
compare between data and signal + o 95% CL Limit
s, e observed
backgrounds s cxpocted
.. @ 10°7
*  Set 95% confidence level upper limit on X | excluded (Run |)
the production cross-section x BR o My >1.00 TeV

at 95% CL

-y
o
T

*  Convert to alower mass limit for a

SSM W' of 1.00 TeV

10

{TTTT{TTTT‘ TTTTTTTT { TTTTTTTT {TTTT‘
500 600 700 800 900 1000 1100 1200

my, [GeV]
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Di-EM '
Large Extra Dimensions %

% Published result based on 1 fb-! of data
* Looking for excess on the production of SM particles

* Event selection q .o q - Y
* Two isolated EM objects
¥ Er>25GeV q e\ q N

% Shower shape consistent with that of EM objects
% Central (|m| <1.1) and forward (1.5 < |n| <2.5) cluster
* Do not distinguish between electrons and photons
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Di-EM

% Backgrounds

Large Extra Dimensions

* Physics % :3
* Z1/vy*—ece : 110;
% Direct yy production ‘

% Studied in MC .

} ~Data
(a) CC-CC — Total background

--LED: Mg =1 TeV

DG. 1.05 f5' ---LED: Mg =2 TeV
y I- [Drell-Yan
Diphoton

Multijet

* Instrumental
* Jets misidentified as EM objects

% Studied from data by inverting the shower
shape criteria to estimate the shape of the
instrumental background

* Fitthe di-EM invariant mass spectrum to the sum of
the backgrounds
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* Good agreement between data

k E 1042 | (a)cc-cC :1[')2:; background % 10000; *'\Dﬂzﬁiiet
and background 3wl NP R R T
& 102% s I Direll;Yg: - Mg=2Te
* Compare di-EM invariant of My i s
£ R P i ==
mass spectrum and |cosO* | . = 'EF e oot
. . ] 10-2 s 2000 j = rxs |
distribution for data and e P g
. 200 400 600 800 100( % 0.2 0.4 0.6 0.8
Slgnal + background di-EM Mass (GeV) lcos(0)

Set 95% CL limits for LED
withn =2, ..., 7 and extract
limits on the effective Planck

scale Mg

n

Observed Limit

M(s) (TeV) L2

Di-EM

Large Extra Dimensions

< 3
> L ;
R /DO PRL 86, 1156 (2001)
- - --expected limit
= 251
i —observed limit
2

15

l\‘l\\\l kfl |IIII|

D@, 1.05 fb'

4 5 | .7
Number of Extra Dimensions (nd)

Expected Limit
M(s) (TeV) 2.16 201 166 149 138 1.3l
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PRL 102, 051601 (2009)
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Di-electron w
Heavy Neutral Resonances

% Preliminary result based on 3.6 fb™! of data

* Looking into the high Er di-electron mass distribution - :
* Eventselection

* Two isolated EM objects
¥ Er>25GeV . .
% Shower shape consistent with that of the EM objects
* Central (|n] <1.1)
% Track matched
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Di-electron w
Heavy Neutral Resonances
% Backgrounds
* Physics
¥ 71./v*—ee (Dominant Background)
* Z/v*—=11, W+X—=ev+X,

WW—eevv, W7 where 7Z—ee,
tt—ecevvbb (“Other SM™)

*  Studied in MC
* Instrumental
% Jets misidentified as EM objects

% Studied from data by inverting the
shower shape criteria to estimate the erl51)
shape of the instrumental background

* Fit di-electron invariant mass spectrum to the
sum of the backgrounds

g
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Events/2 GeV

-
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-
o
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Di-electron
Heavy Neutral Resonances

% There is a good agreement between data and expected total background for the full
mass range studied

% Since no significant excess is observed, proceed with setting limits

5
> 10 DO Run Il Preliminary, 3.6fb" —<— data > " . DO Run Il Preliminary, 3.6fb" —— data
8 104 [ Drell-yan (0] 70 - [ Drell-van
S Instrumental g - Instrumental
t 103 B Other SM g 60: B Other SM
(2] 2 [ =
-'q:-; 10 2 501
> 10 -
L __
1 40:
1 -
10 30E
2 =
10 20—
103 -
10-5 P I R T _—'~4|~~~|...|||_.+_|||||_l_.u|uu|
800 1000 ?60 180 200 220 240 260 280 300 320 340
M,..(GeV) Me.(GeV)
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Di-electron
Heavy Neutral Resonances

*  Set 95% CL upper limits on 6 x BR(X—ee), where X is a heavy resonance with spin
1 (Z'), or 2 (Ggs) for Mx = 400 GeV

% Interpret this limit to lower mass limits for a variety of models

_ - ~10°
210’ DO Run Il Preliminary, 3.6fb" —— Theory Z'_ =) E DO Run Il Preliminary, 3.6fb" — Theory RS (M, =0.1)
T —— Theory Z, s F — Theory RS (M, = 0.07)
? v 1:eory ;,X ? - Production o x BR
X — Thggz o o 102 (95% CL - Observed)
= Theory 2% E = —— Production o x BR
c: 10% o Theory Z‘N < - (95% CL - Expected)
el -y | o) I~
N C Production ¢ x BR =
1 B (95% CL - Observed) |
10
'g - —e— Production o x BR E
5 (95% CL - Expected) -
10 X B
- NN 1
I \\\ B
i ! L ! L ! L v oy 1

PRI R PR IR S N R T S | Al by by by b b b BN NP
400 500 600 700 800 900 1000 1100 10300 400 500 600 700 800 900 1000 1100 1200

Z’ Mass (GeV) M, (GeV)

Z'n Z'X Z'q, Z'sq Z'N Z' RS (k/Mp = 0.1) RS (k/Mp = 0.07)
844 834 817 774 803 732 826 767

810 800 763 719 744 692 786 708
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Electron + muon
RPYV sneutrino

% Preliminary result based on 4.1 fb™! of data

* Looking for high Er leptons, where electron and muon are back-to-back, and no
MET is present

d e

* Event selection i
* Electron S
* Isolated EM candidate > \
* Er>30GeV
* Shower shape consistent with that of an electron
* Central (|n| <1.1)
* Track matched
* Muon
* Isolated muon candidate in both calorimeter and tracker
* Er>25GeV
* |n| <2.0
* Track matched
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Electron + muon
RPYV sneutrino

* Backgrounds:

3 PhYSiCS - DO, 3.1 f" preliminary
* 1/vy*—1t
R
* WW,WZ,77 =
* g
* Instrumental -
¥ W"‘J et/ Y 107g 100 Me:(g)eV) 200 250 300
* Z1/v*—ee,p
)
* mulajet Iy 83 + 3
. . di-boson 46 £ 2
* All backg:round COIltI‘.lbujUOIlS except.for el 4o
the multijets are studied in MC. Multjets tg 310
are studied from data, by selecting a | Total Background

sample rich in fakes S i i et
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Electron + muon
RPYV sneutrino

* Good agreement between data and
background _

. . .. d(p,) ~ e (p3)
% Proceed with setting 95% CL limits on the V3
production cross-section and RPV couplings p VAN D
; : : 4
as a function of the sneutrino mass (p2)
% Assume that all RPV couplings are zero
except for A's11and A312 = Asa1, and A'311
<0.12,A312=<0.07 forM = 100 GeV
- DO, 4.1 fb" preliminary zgé DG, 4.1 fb' preliminary
0.006 o
u ©  s0F — Observed Limit
_ 0.005" T ot Expected Limit
- - ol 302 I Expected Limit +1c0
— 0-004F m [ Expected Limit +2 ¢
(&) C X  25F
§ 0.003E _Ib 20;
@ 0.002 O 15f
C 2 =
0.001>" P 1:%
of R T — a—
Mvt (GeV)

Toannis Katsanos, UNL DPF 2009, July 28,2009 19



Summary and Outlook w

* Presented searches for New Phenomena with the D0 detector using final states with
leptons, photons, and MET

* No excess of events over the SM expectations observed up to 4.1 fb! of data
analyzed

% Search for sign of new physics continues
* DO detector is well understood
% Already about 6 fb-! have been recorded and are being analyzed
* Expectto collect 10 - 12 fb! of data in the next couple years

*  http://www-d0.fnal.gov/Run2Physics/WWW /results/np.htm
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* BACKUP SLIDES
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Electron + muon w
RPV sneutrino
d(py) e'(p3)
d(p,) > < LW (ps)
% The cross-section of the signal only depends on the third generation sneutrino mass
and the LQD and LLE couplings:

1
& M2 oM

where the total width of the sneutrino can be written as:

. 2 2
Oep X ( 511) X 512) ‘

M
167
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