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Review of extra-dimension(ED) w
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a large number

of excitations

Real Graviton Emission Virtual Graviton Emission
Monojets at hadron colliders Fermion or VB pairs at hadron or e*e colliders
Gy Gk
f f v
Signal: monojet+missing ET Signal: dif+diy
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The DO Detector w
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Runl: Monojet+MET channel w

com 1.8 TeV, int lumi 78.8+/-3.9pb-! (MET trigger)

1) Jet energy resolution
o(E)/E=0.8/sqrt[E(GeV)]
2)  missing Eresolution
o(MET)=a+b*S +c*S,2 St scalar sum of all ET in CAL,
a~1.89GeV, b~6.7E-3, c~9.9E-6/GeV

1) central(n<1) leading jet J1 with ET(J1)>150GeV

2) MET>150GeV

3) ISR/FSR J2 with ET(J2)<50GeV (dij rejection) > #38
4) no isolated 4 in AR(J1,u)>0.5W/z/cosmic)

5) A@I2,MET)>Tt/12(mis-measured jets in QCD)
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_-signalz qg—2qG, qqbar2>gG,gg—2> G

*background: W/Z, normalized with eV/ee data

Background N
Z(vv)+ jets 21.0 £ 5.1
Z(ee)+ jets < 0.01
Z(pp)+ jets  |0.01 £ 0.01
Z(77) (+ jets) < 0.09
W(er)+ jets 3.1+0.7
W(puv)+ jets 0.8 £ 0.3
Wi(ry) (+ jets) | 5.2 £ 2.3
QCD and cosmics| 7.8 £ 7.1
‘Total background | 38.0 & 9.6
Data 38
3/21/03

Events/25 GeV

305
255
205
155

10 |

D@ (1994—1996)
Points. F, Data
Dashed. Background

Dotted’ n = 2, Mp = 800 GeV MC

+ Background

Liang HAN

50 100 150 200 250 300 350

Er (GeV)

> Cosmic?
400 450 500



¢ no evidence for large ED=2>upper limits on cross-section
¢ NLO effect: K=1.34
“* Bayesian approach—>95% CL exclusive limits on M,

n 2 (3 4|6 6|7
Mp limit without K-factor|0.89]0.73|0.68|0.64]0.63(0.62
scaling (TeV)
Mp limit with K -factor |0.99|0.80(0.73|0.66(0.65(0.63
scaling (TeV)
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diEM channel: indirect search of ED

Two free parameters for 2-2>2:
* M ! invariant mass of diEM system
 c0sB": cosine of the scattering angle in helicity frame
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with ED effects F =1, GRW
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RunlI preliminary on diEM w

_ com 1.96 TeV, int lumi 51+/-5pb!

recalculate luminosity with Z data = “effective” 46+/-2 pb!

cut No. of events ”
Reconstructed data 149.7 mln l
diEM stream : di-EM with ET>7 2.8 min l
diEM with ET>20, in fiducial 108,313 l
CAL, ISO<0.15,EMF>0.9 .
EM Trigger required; 95,378
Bad Runs removed(—=2>50+/-5pb-1) .
diEM with ET>25 and x2<20; 8,763
veto on >2EM(ET>5,ISO,EMF); >
diEM with ET(EM)>25, MET<25 | 5 214=2.373 CC-CC + 2,176 CC-

(CC:In|<1.1,EC:1.5<|n|<2.4) | EC+765EC-EC y
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« SM . Drell-Yan + yy included
* other phys bgk : Wy,Zy,WW.Z-> 11, ttbar negligible(MET<25,=2EM)

e instrumental : misidentify in Jj and Yj, estimated by data passing all cuts
but ¥?>20, normalization by fitting diEM low-mass region to DY +instrumental

[Z-peak | [ Z:peak |
W w E
- » . whd [~ " "
‘5 [ Il Preliminary & [ DE{CC-EC}ellmmary
> 2 Entries 7373 > 102 Entries Z176
w10 3 Underflow 0 11} 3 Underflow 0
o Overflow 6 F Overflow 3
£ Indf 59.26 /49  Indf 109.6 /63
i Prob 0.1496 Prob 0.0002487
N 1401 + 45.16 N 1096 +43.13
10 F Mass 90.36 + 0.1846 10 E Mass 91.04 +0.2024
: Width 5,305 +0.1697 s Width 4964 +0.2127
Brorm 01083 +0.004562 Bnorm  0.1553 + 0.006233
'
L L 1 L I L 1 L al I 1 1 1 1 I 1 1 1 1 I 1 | - | Il
50 100 150 200 250 50 100 150 200 250
diEM Mass diEM Mass
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1. LO: |SM+G,,J?

2. NLO effect: add a pT “kick” to diEM system for ISR,
based on pT spectrum of diEM data;

K=1.3 scaling the cross-section;
pdf as CTEQ4LO

3. detector acceptance, ISR, efficiencies and EM resolution
tuned by Z data

4. 5% primary vertex smearing
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diEW cos” Spectium | D@ Run Il Preliminary | [(EMcesSpectim ] D@ Run Il Preliminary
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diEM Mass Spectrum

D@ Run Il Preliminary
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_ *EC-EC shows poor sensitivity
scombine CC-CC and CC-EC, as

diEM cost* Spectrum

D@ Run | Prellmmary

diEM Mass Spectrum
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Run Event ET Type B} E% m N2 | ¢1 | ¢2 | M |cos 0" | Njes
169521 | 3579842 [9.8 |y or ey|105.2| 63.5 |1.02]-2.12|3.79(1.13[409| 0.64 | 1
169736 123391029 (1.2 ee 165.0(159.2(0.65]|-0.65]1.634.741394| 0.49 | O
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Run 169521 Event 3579842 Thu Feb & 13:05:46 2003
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Run 169736 Event 23391029 Thu Feb 6 13:09:34 2003

ET scale: 165 GaV

Run 189521 Event 3579842 Thu Feb & 13:08:46 2003

E scale: 86 GeV
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* MC templets: fq,,1;

Int

and f,(M,cos0Y)

[SM Prediction | D@ Run Il Preliminary [ Data

e two-dimensional distribution:
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* Method: Bayesian and likelihood, only I ; as free parameter

* signal uncertainty:

Source of systematics Uncertainty
K-factor 10%
Choice of p.d.f. 5%
Luminosity times efficiency 4%
Er dependence of the efficiency 10%
Total 15%

QCD(instrumental) background ~ 7-20%
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95%

Ule

CORGRRIRENE 1. — 0.00 + 0.27 ToV

0.618 TeV~* Likelihood

0.628 TeV~* Bayesian

3/21/03

GRW [7] HLZ [§] Hewett 9]
n=2 n=3 n=4 n=5 n=6 n="7 A= +1
1.12 1.16 1.34 1.12 1.02 0.94 0.89 1.00
Liang HAN
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Runl Results on diEM DS

com 1.8 TeV, int lumi 126.8+/-5.6pb!

Cut # of events
Starting sample 87,542
Quality cuts 82,947
>2 EM 82.927
=2 EM 82,425
Er > 25 GeV 36,409
Acceptance 30,585
EM ID 10,711 - #1282
ET > 45 GeV 1,250
[ Tefidensy ]
EM ID (87 £ 2)%
MET < 25 GeV (98 =+ 1)%
Event quality (99.8 £ 0.1)%
Overall, per event | (79 = 2)%
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Events

Comparison of the data with the SM predictions Comparison of the data with the SM predictions

100

&l

ol

4

20

; D r2000)
- Runl, 127 ,L;h!':ﬂ"f
Diglecirons and diphotons
EAEM)> 43 ( rel”
L l" + Ml<ldordii<n<2§
Ty
»
it
w% s
[} + +. g +
Trstenmenial baskgroumd " ‘%
{Illll}:ll Il]:dlll{l.lfllllﬂ.lﬂll 1
cos(8'), EM-EM
Data agree well with the SM
3/21/03

Evenis

e
L "

; o D@ (2000)
e?l W Runl 127 pb

Dielectrons awd diphotons
I EAEM) = 43 GeF
TS H¢ m|<iforlS<m<25

Lij | SM
-
0" L it
Instrummental backgrognd L'"Lr_LI_L LI“I_
= 1L
b
-1 1
1o T ' T T
] 104 i) 300 dii S00 Gl

M(EM-EM), GeV
Note zero-events bins at high masses!

Liang HAN 25



e signal:

Source

Uncertainty

K-factor

10%

p.d.f. choice

5%

[Ldt

4%

Efficiency

3%

Overall

e instrumental QCD ~ 25%
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12%
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ne < 0.46 TeV™*

HLZ [§] Hewett [10]
GRW [7] n=>2 n=73 n=4 n=>3 n==0 n="7 A= +1 A= -1

1.2 |4 1.4 [2 [.1 1.0 1.0 [.1 1.0
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Runl & IT diEM cross-check DS

Int lumi c.0.m NG "

(pb™) (TeV) | (TeVH)
Run I 127 1.8 0.46
(Runll | 46 | 196 | ~062 |

** due to luminosity, RunlI limit should be sqrt[127/46]~1.6 \
times worse than Runl

% 10% increased c.o.m in RunlI gives about 50%b boost on > 1. RunlI approaching Runl

the virtual graviton exchange cross-section, especially - 2. reached LEP sensitivity
at high mass region
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RunlI preliminary on diMuon w

- com 1.96 TeV, int lumi 30 pb-!

Cut Number of events

Starting tmb_tree sample 1,233,225

Nseg=3 Requirement 1,091,040
Both Muons pr > 15 GeV 2,056
pp Invariant Mass > 40 GeV 1,840
Halo(0.4,0.1) < 2.5 GeV 1,312
Track Halo(0.5) < 2.5 GeV 1,242
Fired 2MU_A_L2MO trigger 1,242
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included

Background:

« SM - Drell-Yan

e instrumental : charge mis-measurment and high pT muon from heavy
quark, estimated by like-signed di-muon events in data which fail isolation cut,

normalization by fitting diMuonu low-mass region to DY +like-signed

| Invariant Mass |

DO Run Il Preliminary
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|cos(6)| Invariant Mass

DO Run Il Preliminary
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Invariant Mass

DO Run Il Preliminary

3
> 10 E
g - ———— SM+Additional Background
& o SM+ED terms (n, = 1.0 TeV?)
g 10 =
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unlike-signed like-signed
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Standard Model Monte Carlo
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Wi Mass(GeV)

SM + ED terms (1,=3.0 TeV |
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Source of systematics

Uncertainty

K-factor
Choice of p.d.f.
Luminosity times efficiency

pr dependence on efficiency

10%
5%
3%
10%

Total

16%
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2.5 TeV~?* Likelihood
2.5 TeV™* Bayesian

GRW [13] HLZ [14] Hewett [15]
n=2 n=3 n=4 n=5 n=6 n="7 A=+1
0.79 0.68 095 0.79 0.72 0.67 0.63 0.71

3/21/03 Liang HAN 35



Summary on DO LED search w

I. Jet+MET analysis(hep-ex/0302014):
» first research 1n the monojet channel at a hadron collider,
* sensitivity exceeds LEP at large ED

II. diIEM analysis:
* RunlI limits(DO0 Note 4102) are approaching Runl(PRL V86, No7, 1156)

« already reached LEP sensitivity

III. diMuon analysis(D0 Note 4106):
e first research at a hadron collider
« improved over LEP results in the channel
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