DELPHI

DELPHI

P. J. Holt

CERN
On behalf of the DELPHI Collaboration

LEP Jamboree
6 March 2003

P. J. Holt

A

@




DELPHI

o W
— o(WW) and 0(Z2)
e QCD/vy

— s from event shapes

— Coherence
e B-physics (LEP 1)
— b branching fractions

— b-hadron lifetimes

— B? oscillations
e Higgs Searches

— SM Higgs
— Invisible Higgs

Outline

e SUSY/EXOTICA Searches

— Resonant v production
-7+ ¥

e Unless stated

— Limits 95% C.L.
— Results to be published

— y-axis: Number of event/bin
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Status of EW Measurements

DRAFTS
oc(WW)  o(ZZ)
WW~ production

A,,(b) inclusive A, (b) with leptons

PLANNED
W mass and Width  Z~*

Single-boson production  Spin Density Matrix
Charged TGCs Neutral TGCs

f f production at LEP II v+ production at LEP II
QQ production at LEP II
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WW /ZZ cross-sections

DELPHI
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Rww = 1.001 + 0.012(stat) £+ 0.011(syst) Rzz = 0.91 £ 0.08(stat) £ 0.02(syst)

O measured

Average over energies R = > include correlations

Opredicted
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Status of QCD /~v+y Measurements

PUBLISHED
Energy evolution of event shapes
DRAFTS
as from event shapes f1 production =* production
hadr. ~ struct. func. vy — J/Y VY — N,
PLANNED
BEC in WW Mult. in 3-jet events Running my in 4-jet events
CR in WW  Charged part. mult. at 206 GeV «j in 4-jets events
Transverse radii in BEC Mult. in b and light quark events Angular distr. in 4-jet events

W hadronic decays Fragm. functions and Soft photon excess in qq
Gluon fragm. Running my, QCD overview paper
vy o(total) vy — cc/bb VY — My
no-tag high-p; jets vy — /KK vy — 4
double-tag o Yy — PP vy — KKm
single-tag o Y — pp electron struct. func.
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Determination

e ['it means of 5 event shapes
including power corrections

— Fit means vs /s to obtain
non-perturbative contribution
to each event shape and a(s)
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Determination of ag (II)

DELPHI

ag from means

with power corrections
~ 1/logE fit
— QCD evolution

150 200
Vs (GeV)

e Check running of ay(s)

_ Fit b = _das

b=1.11=+0.09(stat) £ 0.19(syst)

dlog+/s

[QCD(5 flavours) 1.27]

a (M) from meanvalues

‘ DELPHI
44 GeV (-0.01) : —

66 GeV (0.01) o |

76 GeV (-0.01)

89 GeV (0.25)

91 GeV (0.17)

93 GeV (0.28)

133 GeV (0.02)

161 GeV (-0.02) —
172 GeV (-0.01) — .
183 GeV (0.06) ——e——

189 GeV (0.19) @
192 GeV (-0.01) [ i
196 GeV (0.03) H——1@—+—
200 GeV (0.03) e
202 GeV (0.01)

205 GeV (-0.05) |
207 GeV (0.06) &+

unweighted mean H—e—
weighted (uncorr.) mean @
correlated mean

_, PDGworldaverage FEeA L . ...
009 0.1 011 0.12 013 0.14
C(S(MZ)

e Extrapolate all measurements to a(My)
as(Mz) = 0.118440.0004(stat)£0.0033(syst)

— LEP II/LEP I weights similar
LEP II smaller had. and scale errors

— Scale uncertainty dominates

P. J. Holt

e @




DELPHI

NEW ANALYSIS

$ Jet 3
e
JARN

Coherence

e Test coherence in different topologies
of qgg events

e Use rate of production of hadrons
at 90° to the plane of the qgg events

— Measure < N, >/event in cone at 90°

e Prediction
< Nep(35) >
< Nep(2j4) >

= 1(69, 03)

e 2 jet events
Gluon soft and collinear
r=1

e Y-cvents:

2 COLOUR — COLOUR sources
r = Ca/Cf
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Coherence (1)

14;
S b e 0=15°
m L
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i o 0.9 = ¢ Nch(3o )
11: Y 63:1480 @1— CE NZJet(3OO)*r .
' * o 8,=153° | pd 0852— N, (30°) = 0.593 +/- 0.001 +
10- 0 g,=158° 08 o
i * = T Fit: a + b*(r-1)
0ol 4~ 6,=163° % + 0.75 a=0.569 +/- 0.020
i H’ ++T = b = 0.592 +/- 0.048
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Status of Heavy Flavour Measurements

PUBLISHED

B osc. with incl. vertex b — wrong sign charm

DRAFTS
b branching fractions B, osc. with incl. [/Dyl
B'/B™ lifetimes A, form factor
B decays Vg

BR(7 — had) 7 lifetime
VY =TT

PLANNED

b fragmentation Moments analysis

B*(*) =

—C
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Q=0
Q:

M-

Fragmentation
(QCD)
b-Hadron Decays

1, K
(QCD)
Y
(QED)

(numbers from simulation)
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b branching fractions (II)

e First direct measurement of b fragmenta-
tion
rates into weakly decaying charged and
neutral b-hadrons

e Probability that a track comes from a
b-decay given by a Neural Net

e Compute b hadron charge
Q= P Q. Py
e Calibrate () distributions from data by

comparing opposite hemispheres

— Fraction of events with
opposite sign )

entries

10 |
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b branching fractions (III)

E64500 -

o ['it (), in data to expected shapes for 54000 DELPHI l_ :TI;;M
charged and neutral b-hads. 8 i , 0
3500 - i3
[T =42.06 & 0.81(stat.) £ 0.91(syst.)% 3000 T
2500 | '
e Subtract b-baryons 2000 |
fp, = 40.96 £ 0.81(stat.) & 1.14(syst.)% 1500
1000

e Dominant systematic comes from

_ 500
calibration of () i

0

e Single most precise measurement of

103285 b-hadron candidates
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Precise b-hadron lifetimes

e Measure < 7Tp_hadron > and 7p+, Tpo
e Reduce bias from cascade D decays
e Neural Nets used to

— Order tracks from B decay/D decay for
reconstruction of B vertex

— Weight tracks from b decays/primary
vertex

— Estimate of the B hadron momentum
— Select BY and BT events for 7 fits

e Binned y? fit to proper time distribution
e Weight events in MC for, e.g.
— BY and BT fractions

best model of hadronisation and decays

Entries
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Precise b-hadron lifetimes (II)

e Reweight MC events for different lifetimes

— don’t need many samples with different
lifetimes

e Results
< 7 >=1.56840.005+0.009 [ps| (170k b)

Tp+=1.62540.01340.017 [ps] (54k B*)

Tro=1.54340.02040.033 [ps] (16k BY)
?%:1.05&0.01%0.024

B
e Main sources of systematic errors

— NN cuts to separate B'/B*

— Detector resolution
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BY — B0 Oscillations

e Oscillation

DU — 217_e$ 11 4 cos(Amyt)]
+> 6o/ +> bo [/
BN EEAN

No Oscillation Oscillation

e it fractions of like/unlike-sign
events vs ¢

e Inclusive leptons *New

— High statistics (~ 68k events)
— Use NN to improve BY purity
o [ -lepton *Updatex

— Exclusive reconstruction of the D,
— Low stats (~ 400 events)
— High BY purity
e For rapid oscillations (large Am)
Need good control of ¢ resolution
— Separate events with good ¢ resolution
— Good decay length resolution

— Good B? energy resolution

P. J. Holt
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BY — BO Oscillations (II)

e it using the amplitude method e A =1 — mixing at Amy

UNMALT 1 .o
o P =ge 7 [l £ Acos(Amyt)] o A =0 — no mixing at Am,
o nclusive leptons ) Dy-lepton _ DELPHI combined
2 - S 28
=3 S 5¢ s |
= | L
< E , E 25}
I ‘M%m :
o et T Pl
R |
I 25
-5 5 I
0 5 10 15 20 o s 0 15 20 ° ° 1 w S
Ams(psH Amg(ps™) Ams(ps™)
_ —1

Sensitivity Am, — 9.1ps~!  Sensitivity Am, = 8.6ps~!  Sensitivity Am, = 12.0ps™
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Status of Higgs Searches

DRAFTS

SM+MSSM Neutral Higgs
Charged Higgs

Invisible Higgs
2HDM Extended Models

PLANNED
Extensions to the MSSM Neutral Higes Searches
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SM Higgs
N
%> | .Daa DEL PH|
O©6F HZSimUlatioan=15GeV/Cz) wl L B R B BN B
< | == Background to Hee, Hup — B
25| 2 Badkground to 1oy O 1
% f — Background to Hgq 10 = DEL PHI -
s 4] -
[ or
% 3i 10 = -
z | - |
2 107 —— Observed ]
[ ppme-—= - - Expected for-
1t + 4r background
ol ol T | 10 - :
40 50 60 70 80 90 100 110 120 - | ]
m,, (GeV/c”) -5¢ | .
10 = 113.33 114.1 E
e Result unchanged since summer 2002 10 6 TR :
o Limit: My > 114.1 GeV / o2 100 102 104 106 108 110 112 114 116 118 %20
m,(GeV/c")

(expected 113.3 GeV /c?)
e Paper with EP referee
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Invisible Higgs

e Signatures: my;s ~ My; [
e 5 search channels

— q@: high Higgs mass; low Higgs mass

use IDA tuned for different My

— [Tl ete ptp 7T

use cuts ; no overlap in samples

Efficiency

o
\l

- DELPHI Mottt

o
o
\

05 7 H,, a9 (low mass)

04

03 o H T Y
L oty K ‘A s e
o . Nd ' *
AR v

e
.....
............

02|

0_17“H\HH\H"\HH\HH\HH\HH\HH
40 50 60 70 8 9 100 110 120

Higgs Mass (GeV/c?)

Channel Obs FExpected
qq(high) 153 160.648.1
qq(low) 213 226.8+5.6
ptp~ 18 25.74+0.9
ete” 20 29.741.1
T 37 43.9£1.6
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Invisible Higgs (II)
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e Limit BR(h—inv)=1 : EXCLUDED iy

2 - A
My > 112.1 GGV/C 0.6 - at 95 % CL SR
(expected 110.5 GeV) 05 - e
L L .“.:
e Combine with SM Higgs search 04 “... visible channels only o ad
- +== invisible channels only R
My > 112.0 Ge\//CQ 0.3 -— both channels combined L
) - (thinlinesexpected limits) .-~ o5 .+
For any BR(h—inv) 02 F [
O i e

0 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
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Higgs mass (GeV/cz)
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Status of SUSY and Exotica searches

PUBLISHED
Resonant v production Doubly charged Higgs,
Gluino as LSP  GMSB
SUGRA

DRAFTS
AMSB RPV
~vE  Single top via FCNC

PLANNED
2HDM SUSY Searches Flavour indep. Higgs
Single top production  Single top via contact int.
Leptoquarks — Fermiophobic Higgs
Excited leptons ¥’
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Resonant v Production

o [£- superpotential A\ L;L;Ey
e [or My < Mj indirect decay

v of  possible

V e For small A\ may dominate
over direct decay

)\11'1 e — o ~['(ee)l'(X)
— Direct decay ~ )\1]1

* — Indirect decay ~ A3 i
" e 3 topologies - depending on y decay modes
}\]_j]_ === — 2 leptons + £
J — 4/6 leptons with /without ¥
€ Vj , |j — > 2 leptons + > 2 jets

— Semi-leptonic analyses different
for j = 2,3 due to [;
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Resonant 7 Production (II)

FINAL RESULT

DELPH
tanB=30.
10 b

120 140 160 180 200

Sneutrino mass(GeV/c?)

Total expected 155.6 £ 1.6 events
Total observed 150 events
Limits for I'; = 150 MeV

220

)\131

DELPHI
tanf=30.

WOU' P I T T R SR SR I T
120 140 160

1 I 1 1 1 I 1 1 1 I 1
180 200 220

Sneutrino mass(GeV/c?)

Total expected 154.3 4= 1.6 events
Total observed 129 events
Limits for I'; = 150 MeV
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v+ F
G _ 8 )
X2 X0 =2
y & v é
Z/y g /\E 0
QV
®
e Cross-section depends on IS
— Composition of the y! 2
— My and My 5

— M-

e Obtain o limits at 208 GeV vs My

— /s and cosf, dependence of limits
only weakly model dependent

1409 DELPHI
i HPC+FEM C acceptance
121 Vs = 181-209 GeV .
. ----- Obtained limit :1
T NG Expected limit
i LNZ
0.8 B :
0e i M o ectron = 150 GeV
: M ectron = 75 GeV
0.4 - §
021 N e ot
O \_ FE T S S S S T TS TSN S By e L
80 100 120 140 160 180 200
M Neutralino (GeV)
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— These fix the composition of the y"

— Favourable for significant o
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v+ £ (II0)

o r V.U o r VU
W oz [ VEVE W oz L TVT
n n y
05 05 L
025 [ 025 [ € V
0F ob
-025[ -0.25F
~05[ ~05[
! i e Vv
—0.75; —0.75;
08 06204202 0 02 04 06 08 1 08 062042020 02 04 06 08 1
€L e, ® Search for C.I. between e and v
x 1f
- r — . . 2 2
(<X FVYV -
Fos Vo' e Put limits on €z/p = g7 /A7 /1
05 - . . .
el e 3 different interpretations
o . Consider coupling to
—0.25; . .
ost — V.U, - interf. with s/t-chan. SM
o — v, U, /v;U; - interf. with s-chan. SM

-1 -08-06-04-02 0 02 04 06 08 1
€

— 175 (o # [3) - no interf. with SM

aB,L
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Data archiving: a reminder

e Data are stored in /castor

— To allow access to low level information
in case features need to be investigated in detail

- Raw data from the pit: 6003 GB in 58186 files
- Real data DSTs: 7370 GB in 76292 files
- MC DSTs: 10043 GB in 215915 files

e We have produced a CD with all DELPHI analysis software
e Would like longterm support for FORTRAN
e Have developed an 00 framework for data access
— Less well used /tested within DELPHI
e Starting internal discussion about who will be given access to data

— Existing collaboration members only

!
— The whole world
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Status of DELPHI

e Dead - but not buried
e DELPHI will be reopened to the general

public in Summer ﬂ H H

N2 |
— Thanks to our friends on LHCb 7 \JL

e DELPHI has been moved to rear/side e ==

of UXS8

|

e Civil engineering . i

AT

| .
ol
B0 '

— Erection of a platform

i
.

T

— Discussing creation of extra
elevator stop
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Conclusions

e Status of Physics Analysis
— Since July 2002 Published 8 papers

— Currently 28 drafts in circulation

— Expect to produce ~ 30 additional publications

— 1.e. ~ 00 publications to come
e Support now will ensure

— High quality final publications on complete DELPHI data set
— Combination of results between LEP experiments
— Maximising the scientific return on the total investment in DELPHI and LEP
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