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Mass without Matter

» The bulk of the mass in the universe does not appear to be due to ordinary matter

* There are many reasons to believe that the universe
is full of "dark matter"

* One recent piece of evidence: Superposed on an
optical picture of a group of galaxies is an X-ray
image taken by ROSAT. The presence of confined
hot gas (which produces X-rays) highlighted in
(false) red color indicates that the gravity exerted in
groups and clusters of galaxies is larger than that
expected from the observed galaxies

» Latest WMAP 2003 results from power RWHEA AR ALY IS o1 ige) )AL LY XL TN
spectrum of CMB e = E—
— 4% atoms, 23% Cold Dark Matter, and ;
73% Dark energy in the universe

— quintessence (negative-pressure energy &=
field) is not ruled out, but Dark-E seems
more like a “cosmological constant”

— first stars ignited early — fast v's don'’t
play any major role in the evolution of
structure in the universe

e e i~

The Microwévé Sky image
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* Precisely testable QCD calculations are

Mass without Mass

» The bulk of the mass of ordinary matter (better than 99%) from protons and neutrons
« Masses of p(uud) and n(udd) due to ‘binding energy’ — m,q4 negligible (if non-zero)
 Carriers of this binding energy, SU(3). gluons, are massless

* QCD provides understanding of >99% of all visible mass in the universe
= S0, E=mc2orm=E/c2?

available for high momentum transfer
processes at particle accelerators

— e.g. production of jets of high momentum
hadrons through quark-antiquark scattering

in pp collisions

d*c /(dErdn) (fb/GeV)

PRL 86 1707 (2001)

D® Results
® 0.0=|n[<0.5
o 05<|n|<1.0

O 1.5<n|<2.0
¥ 20=In|<3.0

— QCD-JETRAD
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« Soft QCD is calculable only numerically —
lattice gauge theory
— initially somewhat disappointing

— recent advances in computing, and in the
techniques used, lead to reasonably credible
results: predicted and measured hadron masses
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Mass and the Standard Model

1TeV

1 GeV

1 MeV

1 keV

1eV

* How can mass arise in the SM?

» Local quantum field theory + gauge (historical
misnomer for phase) invariance

* Global gauge symmetry (Noether): y(x)—>wy(x)e?
— conservation laws (e.g. N of particles, charge)

« Local gauge symmetry: y(x)—>wy(x)e“PX)
— Dirac y(#p — m)y = need A, = QED, good news!

— bad news: no terms like myy, m?A? allowed, i.e.
only massless gauge and fermion fields...

« Sure, have massless y and g leading to
extremely successful theories of QED and
QCD...

* ... and possibly also massless graviton...
« But what about all the rest?
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Gauge vs Mass? Mass Hierarchy

 Does local gauge invariance really forbid  * Why this hierarchy of masses?

mass? 1 TeV
* Not really, e.g. consider (2+1) dimensions ﬂ “_

— Chern-Simons term evvofF Ay along with 1 GeV
the familiar Maxwell F,, term allowed

— Does not spoil gauge invariance (induces ﬁ—m 1 MeV
dynamically) n

— In 4-d: envoBF  Fop = 40, (e*vePA,0uAp) 1 keV

— Topologically massive gauge theories

— Successful applications to high-temperature 1 eV

superconductivity, quantum Hall effect, etc.

— Ongoing efforts to introduce this * Nambu, not so long ago (997):

mechanism in 4-d by means of auxiliary = m = 2"m,, with my = 5 MeV
field
n ©) 64y (8) g4q (19)
q u —> ¢ —>t
 Or other mechanisms such as m o 1280 164000
— Technicolor theories
— Dynamical symmetry breaking via tt n ) 6-2 ©) 6-1 (19)
y y ry breaking q d —> s — b
condensate in analogy with BCS or the m 10 160 5100

NJL (with 4-f interactions)
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How to Pull a Rabbit out of Your Hat

« An attractive mechanism for inducing » To the massless SU(2)xU(1), add a
mass in the SM can be based on SSB complex scalar doublet ¢ with V(¢)

V(§) = 1202 + A s (¢1+n¢2)
_\/5 ¢3+l¢4

<o 4
V2 = -u2/h = §?

A>0

« Ground state breaks the symmetry of

. . 0 plane
interaction

« Classic example is a ferromagnet: * Arbitrarily pick ¢, = v? (SSB), expand
below T one direction of spin around this vacuum (vth), and...
alignment is picked out — Photon remains massless, m, = 0

« What happens when a symmetry is -My ="2vg g = elsinfy
hidden in a gauge invariant theory? - M; =" v (g*+g'?)” g' = e/cosbyy

— Global gauge symmetry = massless — Induces fermion masses m; = Gu/\2
Goldstone Boson — Induces yyh interactions o« m¢/ v
— Local gauge symmetry? - Higgs field, mpand A; v fixed from the p

lifetime (Gg) > v = (GgV2)™ ~ 246 GeV
* And the theory remains renormalizable!
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A Cute, Quasi-Political Explanation

Imagine a cocktail party with
uniformly distributed people
chatting with their neighbors...

Then the Ex-Prime Minister
enters and crosses the room...

People are attracted to her, and
so she is followed by a knot of
people clustered around herself.

It can be said that she thereby
acquires greater mass than normal,
at least in the sense of inertia —
once moving she is harder to stop,
and once stopped she is harder to
get moving again.

From David J. Miller, University College London
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Theoretical Constraints on the Higgs
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« Unitarity (“tree-level”) from VV/HH * Vacuum stability M, >= 5= FloglA” /v
scattering — for very small my,, A can be driven
— lighter than ~780 GeV or new physics negative, i.e. vev falls of to infinity
below Ay~ 1.2 TeV — tunneling rates vs the lifetime of
2.2 .
- Triviality A<, exp(“";w ’ ) JNIVEISE | |
— A% theory possibly triviaf, i.e. L > 0as Naturallrless and flne-tunlr.lg
Ayy — %0, numerical calculations, etc. — stability of the EW scale (i.e. parameter
_ sometimes under control in theories u? with respect to radiative corrections
with interactions. .. — introduces stronger constraints

« Bottom line?: discovering Higgs with m <~130 GeV would suggest the onset
of new physics at a scale below Agyt~ 1016 GeV... will come back to this...
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In Search of Higgs
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{ —LEP1, SLD. v i C(;t ) - my probability density
1 A A“had— ; i 1
1 i —0.02761+0.00036 P 020 L N
8051 ©68%CL Y ..e0,0273820.00020 f i
] 4 : | :
Z 015 —
80.4 R ; -
. < -_.‘ :.: E i
] 0.10 - .
27 :": | -
80.3 . i
| 005 - :
my [Ge 1 ] C
0.2 113/300” 1000~ Preliminary 0 Excluded ../ Preliminary ol L T L
330 150 1-{'-0 19')0 29 0 100 125 150 175 200 225
10 Higgs boson mass [GeV]
m, [GeV] m,, [GeV]

* In the SM, top and W masses constrain m via Ar
e.g. my, mass is o«c m, via tb loops and
also is oc In(my,) via Higgs loops
* Direct limit on my, from LEP is 113.5 GeV, with
a 2.2c hintat 115 GeV
« Combined constraints from Z, t, W, vN require
SM Higgs to have m, < ~200 GeV

Finding Higgs is the highest priority of worldwide HEP program
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Physics Challenges — the Upgraded Tevatron

Physics goals for Run 2

— precision studies of weak bosons, top, QCD, B-physics
— searches for Higgs, supersymmetry, extra dimensions,

other new phenomena

require

— electron, muon, and tau identification
— jets and missing transverse energy

— flavor tagging through displaced vertices and leptons
— luminosity, luminosity, luminosity...

Run 1b Run 2a Run 2b
Bunches in Turn 6 x 6 36 x 36 | 140 x103
Vs (TeV) 1.8 1.96 1.96
Typical L (cm2s1) | 1.6 x10% | 8.6 x103" | 5.2 x10%2
| Ldt (pb-'/week) 3.2 17.3 105
Bunch xing (ns) 3500 396 132
Interactions / xing 2.5 2.3 4.8

Run1 - Run 2a = Run 2b
0.1 fb-'> 2-4 fb-'=> 15 fb!
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Physics Challenges — the Upgraded Detector

Forward Mini-drift ‘ Central Scintillator ‘ ‘ Forward Scintillator D@ Detector:
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+ New Electronics, Trig, DA SWioy b s o
‘ o Q‘ Si-Barrels F-Disks H-Disks

< ! i LEVEL “0*
Si, SciFi,Preshowers o 5 [ _%—TC’Y: I

* New tracking devices, Silicon (SMT) Added PreShower detectors, Central
and Fiber Tracker (CFT), placed in (CPS) and Forward (FPS)

2 T magnetic field Significantly improved Muon System
* Upgraded Calorimeter electronics New forward proton spectrometer (FPD)

readout and trigger Entirely new Trigger System and DAQ to
handle higher event rate
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D@ Run Il Tracking Detectors

Run I: no magnet; drift
chamber tracking with
TRD for electron ID

«—p

A

Forward Dift
Chamber

Central Dnft  Veoex Doft
Chamber Chamber

Transition
Radiation
Distector

Preshower

e Silicon Tracker
¢ Four layer barrels (double/single sided)

¢ Interspersed double sided disks
¢ 840,00 channels

e Fiber Tracker

¢ Eightlayers sci-fi ribbon doublets (z-u-v, or
¢ 74,000 830um fibers w/ VLPC readout

eCentral /
cryostat

#Scintillator
strips, WLS fiber

readout
46,000 channels
eSolenoid

2T
superconducting

eForward
Preshower

#Scintillator
strips, stereo,
WLS readout

416,000 channels
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Silicon Microstrip Tracker

6 barrels (4 layers each) and 16 disks, coverage for [n|< 3
« Single (axial) and double sided (axial+stereo) detectors
» 3D track reconstruction capabilities
» ~800k channels of electronics
 Hit resolution: 10 um, impact parameter resolution: 30 um
 Tagging efficiency at p; = 50 GeV/c
— ~55% for b-quark jets, ~15 % for c-quark jets
— ~ 0.5% fake tag rate for u,d,s quark jets
« Currently: ~95% of SMT channels available for readout
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Central Fiber Tracker

Zoom into run 143769 event # 2777821

~+ Scintillating Fibers
* Up'to |n| =1.7"
'+ 20cm<R<51cm
~« 8 double layers

- CFT: 77,000 channels
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Calorimeters

South End Cap Central Cal. North End Cap

Dﬂ LIQUID ARGON CALORIMETER

Readout Cell

Cu pad readout on

LAr in gap
2.3 mm

0.5 mm G10 with
resistive coat epoxy

Drift time ~430 ns

e 50k readout cells (< 0.1% bad)

e Fine segmentation
— 5000 pseudoprojective towers ( 0.1 x 0.1)
— 4 EM layers, shower-max (EM3): 0.05 x 0.05
— 4/5 Hadronic (FH + CH))

e L1/L2 fast Trigger readout 0.2 x 0.2 towers

Y
S CENTRAL
X P CALORIMETER

Electremagnetic
Fine Hadronic

e

Inner Hadronic

Fine & Coarse .
( ) Coarse Hadronic

Electromagnetic

Liquid Argon sampling T Y A A A

— uniform response, rad. hard, fine spatial segmentation ;': ;f ff 7 : /', / /,- =2 MG

— LAr purity important TS i o AN »
Uranium absorber (Cu/Steel CC/EC for coarse hadronic) B A \ , » / e

— nearly compensating, dense = compact oI B iy = B 'fﬁff-/—f L
Uniform, hermetic with full coverage R R : A 4l ’,_‘;;;Z_JCD

— Inl<4.2(©®=~2°),%,~7.2 (total) e e Y
Single particle energy resolution =R ] ’ == —FPS

— e o/E=15%/NE®0.3% m o/E=45%/VE®4% == il =S
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Muon System

e _  Central and Forward regions, coverage up ton ==+ 2
R L e e R

FTO['Ward y | A-o Scint | ° Th.ree layers: one inside (A), two outside (B, C) the
SCir‘;'tﬁ%?grS ,\"_x,‘__ | toroid magnets
¥ TS \ / « Consists of scintillators and drift tubes
ERD! + Central Proportional Drift Tubes (PDT’s)
Shielding * 6624 drift cells (10.1 x 5.5 cm) in 94 three- and
| P— four-deck chambers

(m) o — ot * Central Scintillation Counters
i W * 360 “cosmic ray” counters outside the toroid (A =
- T 22.5°)
B F * 630 “A—¢” counters inside (Ap = 4.5°), An = 0.1
[hR%
. * Forward Mini Drift Tubes (MDT'’s)
Forward
Tracker (MDTSs) + 6080 8-cell tubes in 8 octants per layer on North
B TR TR R L and South side, cell cross-section 9.4 x 9.4 mm

oy o 7T ", | | - Forward Scintillation Counters (Pixels)

Bottom B/C Scintillators ° » 4214 counters on the North and South side

* Ap = 4.5° matches the MDT sector size
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D@ Trigger System

Decision times:  ~4.2 us ~100 ps ~50 ms
rD stector=} L1 Trigger=—3 §— L2 Trigger = 1§ L3 Trigger—}
2.3 (7.5) MHz 5kHz 1kHz 50 Hz
L1

LUM [—>
LUM

CAL t—>|L1CAI——> L2Cal

i \
| g ] |
FPS —:—> il —1I-:)> L2PS
I I
cFT/| | L1 |1 G Iobal
|\ . __l A
L1CTT mg =i * Entire Trigger Menu configurable and
SMT > downloadable at Run start
Y  Trigger Meisters provide trigger lists for
M uon ——> MLl — —— MLuin — the experiment by collecting trigger
e, | requests from all physics groups in the
LZbF_W C‘D(:im;‘)d Trigger Board
. opbects My
FPD > B 1FPD - All past and present trigger lists are
stored and maintained in the dedicated
L1FW :tow ers, tracks, conelations | trigger database
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Properties of the Higgs

« The Higgs mass is the only SM parameter for which
there is no direct measurement

 Behavior is completely determined once M,, is specified
(production rates, decay modes are all calculable)

* The Higgs decays into the heaviest available particles

A, Djouadl, J. Kalnowskl, M. Spira
L I I I I ! L

1

m
I

10-1

10-2

DD 1080

e

102 1075
My (Gea\)

< H— bb H-> WW
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Higgs Production at the Tevatron
- >WZ.~ A S e
g ~.H wz

c~070pb  WH: 5 ~0.16 pb
for MH = 120 GeV/c . -
(with QCD NLO) ZH: 5 ~0.10 pb c ~0.10 pb
10 2 b HZ
_ b % 5~0.004 pb i,

q b M E
g e 8 g

>mmﬁ//“H° + He -—-H° o+ e 10
T b p o -
b b i

—4

10 '

1 1 |
100

1 1 I
120

1 1 | |
140

160 130

My (GeV/c?®)
 with backgrounds themselves
interesting processes
Wbb, Zbb, tt, ZZ, WZ, W*— tb

* For heavier Higgs, use gg production
with H ->WW?* with either one or both of
W’s decaying leptonically. Can also
consider WH(H->WW*) > WWW?* where
trilepton signal is smaller than like-sign
dilepton one

80

* Inclusive Higgs production XS ~1pb
(1000ev/year)

 For light Higgs, main decay mode is into
bb and so the dominant process is
swamped by QCD background

» S0, consider Higgs production in
association with a W or a Z (XS ~0.2
pb) with H—bb to make use of leptonic
decays of gauge bosons for triggering

Iv (bb), IF-(bb), vv(bb), Iv (t7), qq(bb)
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Higgs Mass Reach at the Tevatron

* MC results with fast, parameterized
detector simulations

2 experiments (with Bayesian
combination)

» ~30% improvement from Neural
Network techniques

« Bands show syst. errors ~30%

« If LEP indication not true, will rule it
out with 2 fb-?

« SM-like M,;~115 GeV Higgs
evidence (3c) with 5 fb-1

* If no SM Higgs, will exclude it up to

M,=190 GeV with 10 fb" 80 00 20 W0 %0 80 200
» Will observe the SM-like Higgs up

to M,=190 GeV with 30 fb- Higgs moss (GeV/c?)

combined COF /DO thresholds

)
3

130 15

{10 '

2 o
— 95% CL limit
— 30 evidence
— 50 dis H very.

integrated luminasity /expt.
=
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The Bottom-line Plot Revisited

At the behest of Ray Orbach, Director DOE Office of Science
DY and CDF just very recently formed a joint Higgs
Sensitivity Study group

* The charge: re-evaluate Tevatron Higgs sensitivity
— many assumptions go into making the bottom-line plot

— address b-tagging, trigger efficiencies, jet-jet resolution,
background estimation, effects of multiple interactions
(396 vs 132 ns running)

— use data as much as possible, split channels between
CDF and D@, extrapolate to all channel

» The results due by the June-July DOE accelerator review, so
time is very short!
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W(—eviuv)H(—bb) Associated Production

 Final states are characterized by
— isolated lepton, e or n
— two b-jets
— missing E;

 Signal acceptance/rate based on
detailed simulation

» Detailed background studies are
underway

« Example of m, = 115 GeV

» Selections similar to Fermilab
Higgs Working Group (HWG):
— E;(elp)>20GeVin|n| <25

— E; (et1/2) > 15 GeVin [n| <2 and
tagged as b-jets

* Invariant mass of two leading jets

b i _ Const. =0.14
To.15- WH(—-bb) Mean =958
o - Sigma =14.3
= I
o
0.1
0.05
0 . 1 |

50 100 150
M. (GeV)

e Get relative resolution /M = 15%

— calorimeter response correction
only

— close to HWG results
» Expected number of signal events

comparable to HWG estimations of
4 events per fb-!
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Z(—eelpplivv)H(—bb) Associated Production

Z(—ee/upn)H(—bb) Z(—vv)H(—>bb)
 Final states are characterized by  Final states with
— two isolated lepton, e or p — large missing E;
— M. consistent with M, — two b-jets
— two b-jets

 In both cases the signal acceptance and rate calculations are
based on detailed simulations

 Detailed background studies Zjj/cc/bb, ZZ, tt, QCD are underway

» Selection criteria similar to HWG

» Higgs mass resolution and expected number of events are similar
to the WH(—bb) case and HWG estimations of 4.7 events per fb-"
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Electron ldentification

== (17, ) « Simple fixed cone-size R = 0.2
clusters of energy (non-linearity
corrections)

 Electromagnetic fraction > 0.9
* Isolation: less than 15% of energy in 0.2 <R < 0.4

* Require the calorimeter shower shape of the
cluster to match that of an EM object

» Require a track matching the cluster
* Typically require p; > 20 GeV for e’s from W/Z'’s

8250 E/P | Chi2/ndf = 05317 /4 No 60
S‘ [ po =105.6 + 156.4 —
12] L. pl  =-411.3+490.4 %
gzoO*DQ Run 2 Preliminary |, _iie:a02 = 5ol L
i ) e o D@ Run Il Preliminary
L N =147.6+2631 o
an = 1. + 0. F
i R :
— igma =0. +0. N -
_g, Jy—e'e
0 W— ev candidate events @ 30
100 P>20 GeV, ET'**>20 GeV 3
=
201
50 10'
_' |_|n L. j‘l_l_l"] R [y [
O 0 I o = —F

0 0.5 1 1.5 2 2.5 E/3P 1 2 3 4 5 6 7 28
E(cluster)/p(track) mass (GeV/e ) | . ., Babukhadia



W(—ev)’s in Data

EMCand PT w/ trm. |

transverse mass w/ tr. match |

600

200
400

200 100

= 700
1600j . . A p13data B . - A pl13data

- DG Run Il Preliminary =% D@ Run Il Preliminary 5
1400*_ E s\szu nu 800~ E fv_jt!aeu nu

L l QCD B l QCD
1200 — 500—

ul 1 -
1000E ILdt=34.5 pb a00 p:¢ > 20 GeV
800 — B

] ool > 25 GeV

00 20 40 60 80 100 00 20 40 60 80‘ | 100 120 140
GeV GeV
i missing ET w/ trm. \
wo_ D@ Run Il Preliminary g =i * W transverse mass
r W z>ee
14001 o
C W
1200 MT :\/ZE?FET(I_COS A(Pev)
1000 —
wok. forj;(ged » QCD background from data
i or
600 » Good agreement between data
400 and MC
200—

GeV
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Z(—ee)’s in data

Pt (Gevic) 2nd_]
0.14:— i
- 0.121
0.12F C
C 0.1]
o1 i
F 0.08f
0.08~ I
C 0.06]
0.06~ i
0_04:_ 0.04f
o.ozf— 0-023
L T T T R R o 0 20 30 40 50 60
| Mee (GeVic ) I
| h192
220 e o | 4 [Ldi=345pb]
. . . 200 Erdserﬂow " .53
* p; distributions of the two electrons 18] Overtow
. %2/ ndf 31.43/33
 Fair agreement between data and MC :jg Prob s U0
2ol i’ o8 1250
] [ 1 p3 90.77 +1.414
 Fit to a skewed Gaussian + BW + i
) 100: p5 -0.2326 = 0.01815
exponential background 80f 17 0077+ 0.2651
i 2.495 +1.414
— low side tail due to electrons pointing to jg
cracks, etc. N:

- pTe > 20 Gev In |n| < 25 00_ 20 40 60 80 100 120 140
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Q 100F

Events/25

Muon ldentificatoin

Run 139930 Event 239390 Tue Feb 26 08:25:34 2002

Timing cuts reduce cosmic bckg., could
aid in detection of slow moving particles

o -
@ 12000 .
= - Muon Timing
D 10000—
# : . .
8000 &«'s from Collisions
6000
4000/ _
- Cosmic rays
2000
o:l N S BRSPS e e N RO N AN TR T SN N S N
-20 o 20 40 60 80 100
time / ns

Z—>prus
candidate

Matching of central tracks to u’s

improves momentum resolution

J/¥ invariant mass

_ Muon stand alone system

S D oo
o o o
LI LI B B N

20F

D@ Run 2 Preliminary
pr{1)> 3 GeV

M =3.08 £ 0.04 GeV
c= 0.78 £ 0.08 GeV

ﬁﬁ _ﬁ %7,‘,\,

8 10 12 14 16 18 20
Mup (GeV)

Entries / 20 MeV

Muon plus central tracking

200

150+

[EE

o

o
|

1 mean =3.071 +0.003 GeVv

D@ Run Il Preliminary

¢ =0.088 +0.003 GeV

Mass (n", ) [GeV]

2.5 3 3. 5 4 4.5

Events /6 GeV

\ x*/ ndf =4.6/13
i Mean =889+ 1.4
L Sigma=11.6+1.5
i Bkgd =2.8+0.7
20
10
oLz Bl o oan. &
0] 200
M,y (GEV)
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Z(—pp)’s in data

» Z width x ~2 wider

in data than in MC ™

« Smear tracks in

MC additionally to -

match the data
* Alignment is a

> suspect

* After additional
smearing good

agreement in
shapes is

observed between *

. . Entn 1081
| data (tight-tight) Mean g
o Bl AMS 473
= T ind BABI2S
50 Caonstant 4413 < 08M02
Slopa D0Ed 0.0 E
40 Humbar of sigral G347 + 4011
Mean 9.8] : 05000
30 Wickh 1167 : DEED
1
20 |
10
Gﬂ' a0 100 120 740 TEC gl 200
GV
IMC p1306 (tight-tight) | ™.~
@ F RMS 17.43
= = 7 ! nelf 105/ 35
250 - Constant TOG L0, 5TT
= Slape LM e40.017582
200 Humber of signal 1617+ 43.02
C Maan i,
150 Width ¢ 0301803
100
B0
ﬂIi' g0 100 120 740 TE0 18D a0
ol
J MC p1306 smeared (tight-tight) :L"nﬂ ;'f
il RME 10
& r i 44.21735
T00— c : 4887 - naTH
- A 0053 : 0.0335
B Humbar o sigral 1377 = 5243
- Hoan W61 DA1ER
Elj':— Wickh 1199 : DAZH
4!3':—
20
GG' &0 100 120 740 160 180 200

GeW

® data and MC

12 GeV

Entries 758

50

40

20

%

86.67

Mean

RMS 21.92

40 60 80 7100 120 740 160 180 200

M(up) cev

solid (MC), error (Data)

Entries 1688

40

20

% x M 3941
- ean .
S 120
N RMS 12.67
100
80 ps+* in 60-120 GeV

M(up) window

C:-'::'

10 20 30 40 50 60 70 80 90 1060
GeVlc
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W(—pv)’s in Data

‘ Mt(mu,MEt) ‘ Entries 8919
Mean 74.34
RMS 17.88
Underflow 0
+ Overflow 208
I Integral 8711
300
p* > 25 GeV

. E:>20 GeV

200

100

0 50 100 150

MWV (GeV)

‘ M(mu,mu) ‘ Entries 753
Mean 69.66
B RMS 33.59
Underflow 0
80— Qverflow 23
B Integral 730
60 —
40 —

20—+
Oﬁ'—-' Ii. L Ll e t&bw

0 50 100 150 200

M, (GeV)

« Again, very good agreement between data and MC
* Track p; has been additionally smeared in MC to

match Z width in data
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Towards (W/Z)bb: W/Z + Jets in Data

« a W + 2jet Higgs candidate (just for fun!)

oo g7 ETTEIW = 13 GEV*

*) Jet energies not calibrated
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Jet Reconstruction and Calibration

% - -
—en| K >'
S 1
L I
§ Hggfefe I
EFH
S A _ .
3 : - Rjet versus E |
) C
$ EM A
3 - Response (Ry,): i
%j € Emeas/ Etru.e (from ET JJL . | S
= = balance in y-jet data) "t =
S ~ 0.6
8
.::.:; ............................... 4 50 100 150 200 250 300 350 E4?(ge3)50
CN " " .
= » Offset (O): Ur noise, » Showering (1/S_,,,.): out-of-
§ pileup, underlying event ~ cone shower losses
\q CH \ !
) P/ — —\P t
q
EM
/

Levan Babukhadia



80

70

60

50

40

30

20

10

leading jet pT in dijet events w/ trm. ‘

W(—ev) + dijets

A pl3daa
l:l We=e nuMC w/ JES error
B z>tautau

W =

[] wetaunu

B oco

0 20 40 60 80 100 120 140
GeV
second jet pT in dijet events w/ trm.
[ p13 data
100 j él “/‘u‘—»-e nu MC w/ JES error
L [ z-tautau
L 5 z>ee
w->tau nu
80 j I oco
60—
40 — N
N |
= T
20—
_ Las o |

0 20 40 60 80

100 120 140
GeV

inv. mass for 2 jets w/ trm.
60| o
: \ l A plidata
[~ o E W->e nu MC w/ JES error
50 j - T - z->tautau
L ol - z->ee
: |:| w->tau nu
40 — B cco
ol — Good jets:
i + | + pr > 20 GeV
: o  nl<2.5
10—
- |
= T
00 50 100 150 200 250
GeV
dR btw. lead. jet and second jet ‘
100— :
B NN A plodata
L 5] W-»e nuMC wi JES error
80— { . = o
[ ANV NN |:| w->tau nu
— T I oco
60— '
i o
40 -

0 | |

0 1 2 3 4 5 6 7 8 9

dR
Levan Babukhadia



W(—puv) + dijets

60

50

40

30

50

150 200

Entries 1854

Mean 98.51
RMS 58.22
Underflow 0

Overflow  7.755
Integral 324

250 300

30

20

10

Entries 1854
Mean 2.439
RMS 0.9376
Underflow 0

Overflow 0.8256

Integral 331

Distributions here not normalized, good agreement in shape
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n_jet
Entries 28680 nj20 (inc') Entries 9869
Mean 0.1325 Mean 0.1114
4 RMS 0.3655
1 04 == RS e 10 =—— Underflow 0
- W% V ;::::::vw E E W% V Overflow 0
C M o - M Integral 2868
[ ntegral  1.009e+004 L
10°L ey 10°- b= — Pythia
: - Alpgen Wij
T ..
10° * Alpgen Wjj
10 +
1
1 P

number of jets w/ trm.

W-oev

W(—eviuv) + jets
|

* Number of inclusive jets in W—ev and
W-puv events

* pr (jet) > 20 GeV
» Good agreement with Pythia in 0 and 1

jet bins, disagreement is seen in higher
multiplicities (as expected)

« ALPGEN seems to be doing better...

0 1 2 3 4
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300

Events /2 GeV

W(—elp) + jets

DS Run Il Preliminary
- Data
MC

Leading jet

100 :
1 1 1 | 1 1 1 | 1 . 1 1 | T? - I’-T-.l.-T-..-.-.
o 20 40 60 80 100
P+ (GeV)
(e ] 80 - -
N DS Run |l Preliminary
o
‘5 - Data
£ eo Opening angle Mc
i
W
40 l. |
| |
o
LT |
20 e | e L .-
I_l_ [ | N
! T
b
AT RN R R NN SR TR SR SN NN TR N AN NN Y S SR N | |l|_é|__|?__|+_
o 1 2 3 a4 5
AR

ii

300

E 80| DS Run Il Preliminary
o~ -
E B - Data
0 i
Ll B '. . .
i Il 2"d | eading jet
40| |
B |
i I
20 Il
L a1l
- ! I+ ilm
i | L 1 | | | I Tll:.|++|l+7:+?|+—¢-+|:’. o%% Po ;. e
O 20 40 60 80
>1 007 i i
(d_'i’ i DS Run Il Preliminary
= i
Y 80 | - Data
o i T | MC
= |l
S col |
LIJ 60_7 .
i 1 Di-jet Mass
- I
40? _l_ |
I _<_mim
B I
=or LT
I I 1
b et
0O 100 200
ij (GeV)
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Events / 2 GeV

Events / 0.25

Z(—eelpp) + jets

50
i DG Run Il Preliminary
40} e Data
. mMcC
30 | : :
: fhi Leading jet
20 |1
- i
B ol |
1o LTI
i L VR
T S T e e
o 20 40 60 80
pr (GeV)
15
L DG Run Il Preliminary
i . Data
- Opening angle Mo
10
5i
i -o-l- o—o o—o .= -l- - _l_
1 1 || | 1 1 1 | 1 | 1 | \| | ‘ ’\ 1 1 -
0 1 2 3 4 5
AR

Events /2 GeV

Events / 30 GeV

B DS Run Il Preliminary
nd L] L]
- 2"%Leading jet | _._
10— MC
I Jet Multiplicity
i >10";
5’ I AT D@ Run Il Preliminary
B T 5 | .
f ’ H| Z10°, . Data
: L T~ S e
. L. A 1 F, -g |
o 20 40 60 g10 2
w :
i DO Run Il Pre 10
200 Di-jet Mass
z X =
15— ;
I i | | | |
- 0 1 2 3 4
10~ N
5- | |
o | -2
- | . l | ! .
0 100 200 300
M, (GeV)
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Z(—ee) + dijets

| Leading Pt (GeVic) | Mjj (Gevic %) |
22r 12
20 i .
- 1ok Good jets:
18 L
16F- B pr > 20 GeV
C 8
uE - Inl <2.5
12 .
10F- 6
8- -
C 4
5:— i
af- B
r 21—
¥ 2

j
o
Y
=
g
&
=

100

DQ

100

| Second Leading Pt (GeVic) |

| A Rbetweenjets |
10

0 o b b b b b by b g

¢ 05 1 15 2 25 3 35 4 45 65
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solid (MC), error (Data)

Z(—pp) + dijets

Enfries 27

12 GeV
I,

3.5

2.5

0.5

%

10 20 30 40 50 60 70

solid (MC), error (Data)

Mean 44.06

RMS 18.72

g0 g0 100
GeV

Entries 27

12

10

Qh‘:

Mean 29.81

RMS 10.38

00
GeV

solid (MC), error (Data)

10 Ge\

12

10

Entries

Mean

RMS

27

T1.82

31.29

solid (MC), error (Data)

300

GeV

10—

Mean

RMS

Entries 27

2,37

0.8345

o5 1 15 2 25 2 35 4 45 5

dR
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Z(—eelpp) + jets

#Jlets )
solid (MC), error (Data) Entries 10811
10
10’ — Maan 01037
Z—ee ; Z—up
. 2— RMS  0.3308
"f
- * pr (jet) > 20 GeV
10 i

10 =
1 -
1 I
m : -
10'2 b L L L Ly :||||||||||||||| gl bl |1

IIII|IIII|IIII
o 1 2 3 4 5 6 T 8 9 o 1 2 3 4 5 6 7 & 9

* Distributions of number of inclusive jets in Z—ee and
Z—uu events

» Uncertainty dominated by JES

 Again, fair agreement with Pythia in 0 and 1 jet bins,
disagreement is seen in higher multiplicities (as expected)
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H-> WW - I*l'vy

w

—
(=]

D@ Run Il Preliminary
JL dt=30.4 pb”

Excluded at 95% CL
—o——o—-._____.______..¢

-
o

*Data mW+jets
mMulti-jet =W+

= =Data =W+
£ =Multi-jet

e mWHjets

L]

dN/dA @
dN/dA @

Fa

-
f=]

-

6% BR (H— WW— IvIv) (pb)
A 2

-
[=]

Standard Model

th -
L | 4, @eneration Modgl

LEP excluded (95% CL)

—
c.
L]

—
c.
w

5

1.5 2 2 100 120 140 160 180 200

Ad,, o Higgs Mass (GeV)
* Mass reconstruction not possible due * Require good e*e-, missing E+, no jets
to neutrinos - In the SM, of interest for high m,,
* Background processes « 4th generation models Higgs production
- WW, tt, W/Z+jets, QCD/instrumental enhanced by ~8.5 in the mass range of
« Employ spin correlations 100 — 200 GeV
— A®(ll) variable is particularly useful * Also in fermiophobic/topcolor
« A® distributions after basic e/u ID and BR(H->WW?) > 98% for m;> 100 GeV
kinematic cuts p; > 20 GeV in |n| <2.5 » Current reach limited by recorded
- ee and ey channels so far integrated luminosity
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Higgs Associated Production with Beauty

* In the SM, bbh coupling is weak «c m,/vev < Yukawa bbA coupling is o tanf3 and so
- However, enhancement of bbh couplingis the pp—bb@ production gets enhanced

natural in Two Doublet Models for large by as much as tan?3
tanf} = vev/vev, (vevg+vev2=vevig) . Moreover, at high tanf3, either m, ~ m, or
» Values of tanp as large as m/m, are my = m, with BR(bb) ~90%

motivated in simplest versions of SO(10)  « Typical leading order Feynman diagrams
GUTs

« SUSY models with two doublets are
special cases of Two Doublet models

« After EWSB, end up with three neutral q
¢(= h, H, A) and two charged H* Higgses

« In SUSY, the Higgs sector is fully defined * S0, pp—>bbp—bbbb could be enhanced

o thus could well be observed or ruled out
* For the minimal SUSY, m, < ~135 GeV

(certain models) with rather moderate
* In general, in SUSY, m, <~210 GeV luminosities, ~< fb-"

q
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¢ Production and Decays

o [pploglaq) — bbhiH] (pb)
Js = 1.06 TeV
CTEQ4L

1 | 1 1 | 1 | 1
140 160 180 200

M, 5 [GeV]

o [pploglaq) — bBA] (ph)
Js =196 TeV
CTEG4L

1 1
140 160 180 200

M, [GeV]

Branching Ratio

Branching Ratio

1 —

g bb

L tanp =5 A =0, 1=-200 GeV
10"

i hh |
10" !

oo s FF e e ‘I’II-'
ol
10"

- xr’JI rr 1 | 1 1 1 | 'I 11 | 1 11 | 1 I“I‘-LT"‘L 11 | 11 1
T 200 220
My [GeV]
1 E —

g bb

- tanp =5, A =0, 1 =-200 GeV
10"
10°E

o A zn
10°

% _____ —

10"
-~ 11 1 | 11 1 | L1 1 | 11 1 | L1 1 | 11 1 | 11 1
b 200 220
M, [GeV]

Branching Ratio

Branching Ratio

1 oy —
= bb
L tanp =40, A =0, u =-200 GeV
10"
107
.
N i ™ B e
10 g_ ss T e
c L ,
e .»‘ ww_
- jzz ST -
B i zz
10'5 1 11 | 1 IrI .Il. .|"'l- L.t l'_l’”l" 1 | L1 1 I 1 11 | 111
80 100 120 140 160 180 200 220
M, [GeV]
TE —
= bb
- tanp =40, A =0, 1 =-200 GeV
10"
10%
-
3 [
10 E ss T O
F L
10"
10'5|||||||||||||||||||I|||||||
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bbo(—bb) Search in 4 b-jet Final States

» Spectacular 4 b-jet signature
— major bckg QCD bbjj, bbbb
— also (Z/W)bblcc, tt
— require 3 b-tagged jets, M, cut
— b-tagging in trigger?

2 fb™
5fb™

10 fb™

0.1 fb™" 1 b~

—_

kJ

o
I

100

80

G0

40

25% CL

20 Exclusion curves

O_I I 1 1 1 | 1 1 1 I 1
100 200 300

M, (GeV/c?)

* Interesting exclusion regions at large

tanf3, complementary to LEP

* Major issues thus are:

— b-tagging
— trigger efficiency (CDF’s Run I, just a
few percent!)

QCD backgrounds (eventually from data)

Maximal Mixing

0 20 40 60 80 100 102 140
m, (GeV/c")
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Entries

3 .
2

10

bbh(— bb) Kinematics

» Events generated with Pythia v6.155, detailed detector simulations
» Have checked and for bbh Pythia & CompHEP agree well at parton level
* Large signal samples ~50k per several Higgs mass values

* Also have ~50k each ddh(—»dd) & cch(—»cc) for mistag rate studies
» Backgrounds (QCD, tt, Zbb/cc, Whbb/cc) either generated or in progress

st/ 2nd/ 3rd [ 4th jet in E
M,, = 120 GeV

Mﬂlﬁl\ﬂﬂ

o =

80 100 120 140 160 180 200
jet E. [GeV]

Entries
(o)
o
o

\l
o
o

600

500

400

300

200

100

o

R=0.5

E;>8 GeV

U"_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

F
N

* The jets are not of high p (at least not for the Higgs masses where this
channel is of interest), especially the forward jet(s), and this poses challenges,
also for triggering in the environment of enormous QCD background
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Entries
N
a1
o

200

150

100

a
o

cDIIII|IIII|IIII|IIII|IIII|I

o

» Before JES correction
m=91GeV,oc =11 GeV, 6/m =12% «m =117 GeV, 0 =12 GeV, o/m =10%
» After default JES correction
m=107 GeV, =14 GeV,c/m=13% =m=137 GeV,c =15 GeV, o/m=11%

Higgs Mass Resolution (1)

g
M, =120 GeV| E10

140

— before JES 120
— after JES 100
— after JES+u

(o2}
o

N
o

N
o

o

(o]
o
OrTTTTTIT T I T[T I T[T I T T T T T T T [T T T TT T 7T
RN REEN LR RN RERE RELE R R

* Before JES correction

» After default JES correction

* After default JES + pn correction * After default JES + u correction

m=110GeV,6=14GeV,c/m=13% =m =140 GeV,c =16 GeV, c/m =11%
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Higgs Mass Resolution (2)

X10
A5 Chi2 /ndf=12.7/7

Mean =9041148
Sigma =11.2+26

 First pass optimization on kinematic
selection to maximize S/sqrt(B)

* For m,, =120 GeV
— 1stjet E; > 55 GeV . (\
— 2djet E; > 40 GeV L -
— 3 and 4" jets with E; > 30 GeV i
- Inl<2 I |
— require at least 3 b-tagged jets 0.05-

— considered all permutation (have to I
deal with combinatorial background) I i

— rate normalized to SM XS, BR(bb)=1 - H |
* Relative resolution /M = 12% 50 100

fh 75 Gey

IHHI I

150 200 250
M. (GeV)
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b-tagging (1)

» Crucial to keep signal efficiency » Measured IP resolution almost on
high and suppress non-b jets target
» Efficiency/fake rates determined by — 1stpass in SMT alignment
Impact Parameter (IP) resolution — No CFT alignment
~—~ 00 ; a0l * Indf=24 129
c Single muons [ Mean = 0.6 + 2.2
= 500 Fprt >10Gev [ | o0
[ o DO run 2B 30l Bkgd =1.1+0.3
a 40 - - A
- y
B I track
300 20+
: ' | 2l
20 beam spot of ~30 um P
10 [ E | |
- L L N . P |
0 ) 10 0 2 0 -400 -200 O 200 400
Global track DCA ( .um)
pr (GeV

* Run lIb SMT design performs much
better at low p; directly relevant to
b-tagging capability
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b-tagging (2)

* Detailed detector simulations  z | !
— not fully optimized yet S os o rone s |
S 0.8:—--------Fasr MC L :;:E o .
« Preliminary results indicate “ o sy o e Rt
— b-tagging efficiency as highas | - H J + | o4 - N
60% can be achieved T W _ g -
- 0.2 as
— mistagging rate for c-jets is less 0'2: . i * +
than 15-20% depending on E-, ol N SE I B R N
while light quark tag rate can be ~ ° 50 1‘;50,-1?t (G;“j‘)’ 4 2 0 2 ?]jet

kept at a few percent level

30-5 ! 50'12— P
= e Default gtr S 0 1: e Default gtr
G 0.4~ Fast MC =R S
= e or
L] 1 LLD.08
0.3 C
’ 0.06] I
02 * : ‘ g
* o
. : Fve i ps g
04— = ' 0.02 e tetaty T
o« B ,o"'
0 0_| |'|.‘ Lodoot-] ’1"T'-;-_ ’I’I 1 L1 Tl T L1
0 50 100 150 0 20 40 60 80 100 120 140

EX (GeV)

EX' (Gev)

Signed impact parameter

D@ Run 2 Preliminary

103§ . — multi-jet

; : = et pr'>1GeVic
102 =
10 =

- Excess of tracks w/

positive DCA (i.e., not
from primary vertex)

-5 0 5 10 15
DCA

-20

-15

-10

Levan Babukhadia



CTT + STT = Displaced Vertex Trigger

* Provides charged lepton id in Level 1 by finding
tracks in 4.5° azimuthal trigger sectors of CFT Sharp efficiency

 Helps with EM-id in Level 1 by reconstructing turn-ons
clusters of energy in CPS scintillator strips o

[
T

* Helps with Muon-id in Level 1 by sending 6
highest p; tracks to L1Muon in about 900ns

» Helps with EM-id in forward regions |n| < 2.6 by i : @ 0 Threshold: 10 GeV/
reconstructing clusters of energy in FPS strips . @ Threshold: 5 Gev

Trigger Efficiency
o
[o0]

o
o

i A Threshold: 3 GeV
04} i

* Helps with charged lepton id in forward regions ™| | Threshold: 15 Gev |

by confirmation in pre-radiator layers of FPS " e

* Facilitates matching of preshower and calori- ‘ @ e

meter objects at quadrant level D e
P; (Gev)

» Upgrade to use narrower roads (from doublets to
singlets) to control fake rates at high luminosities

« Helps with displaced vertex id in Level 2 Silicon | Muonpr. GeV. | Ap/p* | App, MR | IPres, um

Track Trigger by providing the Level 1 CFT tracks
for global SMT+CFT track fitting

2 1% 1 40

* In L1, cruder p; bins are used, more detailed 5 0.7% 0.6 25

info on tracks sent to L2 where performance is

ag . 0
critical e.g. in STT ol 0.3% 0t z
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Techmokogy Foars

500+ Xilinx FPGAs Search -

or Elusive Higgs Boson afi
1.5 Terabytes per Secon

With an orrmy of more thon 500 Virtex ond Spartan FPGAs

procassing 1.5 ferabytes of real-ime dota per second,
scientfsts of the Femmi Notional Accelerator Loboratory hope
for-trock; down: the:|ost subotomit poricle = the @mu,

! } e ' = |

iz f |
P . S i | {7

A
fibd-ad A1 b

! b B ]

Wi Al T -
il " | L
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S 19 4] TESEE
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o i J

http://wwyy_.xil_'i'nx.o'dh”nl'
publications/xcellonling/

e

partners/xc_pdf/x

1] Kol b

higgs44.pdf
November, 2002

IE FIND OORSELYES IN & BEWILDERING
WORLD. WE WANT T0 M SENGE OF
WHAT WE SEE ARDUND S AND ASK:
AT 15 THE MNATURE OF THE UNERSE?

— TEAEN I MG LIS AR
I NGNS 7 CAN N CEE NEET?

oy Wrk Hoverar
Seieca Wik Sofwere Coreuliont
Frvw Beed

Hick Hartf

Gkl FAE, vt Desin Sevices

ek JetiDovee Loam

Inside the four-mile long Tewtmn, the
worddk most powerful partice accderang
protons and mﬁpmtunl collide at nﬂ.‘ﬂy
the spead of lght, cremting bursts of enemy
and showem of millions of batwmic
partides. If theoretical predictinms ame
mmect, over the next flve yemm o milion
bilion collidons {107 will poduce anbe
120 events with the chamctedstic pattern
most easlly mcopnizable as evidence of the
exlstence of Hippx bomn,

Discorvery of the Hipps boson will vedfy the
"Stardard Model" thenry that Is the founda-
tion. of modemn partice phydos. Foding a
Hipps bowm needle in this hayrtack of partl-
cles, however, mequives o dipiial dnal pooes-
ing DSP) s capeble o gatberig aad
pmcessing 1.5 terahytes of data per weoond,

T I

CTT Organization showing links to the L1 TM, L2 PreProcesors and L3

[AFE] [WIXER| [_DFE ] [ coL |
CFTl = prea [}
. m=
— DFEA
[ ]
+
L 3
CPSs
AX. . 3
—w{ cToc [T i
- DFEA T
Xilinx FPGAs used i - - L3
« Virlex XCVB00M00/300/50 STOV | |—|=|_...|.zu| |
Mixar, DFEA, CTOC, CTTT, . STSK | o L3
CTQD, STOV, STSX, FPSS,
« Virlex XCVA000E — STOV
DFES, DFEF, FPD. sTsx |2 i
= Sparlan XCS40XL — Miar i STOW | E LISTT
| STSX | =
L3
Crr gIov | L2STT
Ste P sTsx |2 rs
75 :
DFES - L2PS|  Same Motherboard and two
] oo | Daughtercards (except for Mixer)
CPS *| DFES e L3 | *Single-Wide™ DFEAonly.
Sie = — | 25 | “Double-Wide®: CTOC, CTTT, CTOD,
E]ﬂ *| OFES |- 13 STOV, STSX, DFES,
o DFES [t L2PS DFEF, FPSS, FPTT
-3
FPss |7} e —
FPSS :'LT;"I'H

FPS

[oFEF | |

32 l

- | 2F PS

Each filling

correspaonds toa
different flavor

- 1.3
e | 2F S
_"'l FPS5 — -1
LEGEND
Analog Boards FSC LINK
CFT The insal shows LVDS LINK LVDS LINK
Sterey the numiber of G LINK
sach lype.
DAUGHTER CARDS TRANSITION CARDS

Each color
corresponds to a
differant flavor




Electronics — Tracking & Triggering with Light

* Discriminator Signals sent to

Scintillating or
wavelength CTT for every event
= sfing Ober * Used to form Level 142
PS 1 " Decisions
...... ) * Digitization and Readout
occurs on Level 1 Accept
LE]
- \ Waveguide
VLPC ADC = \
B ‘LPC AFE boards
= it cassette To Readout

Electronics

Cryostat )—F

\ To CTT

AFE backplane
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[AFE]| [MIXER]§

CFT
Ax.

—

¥

LICFT « 100+ digital boards, same platform
' motherboard

« 2 flavors of daughtercards

&

Xilinx FPGAs used
= Wirlax XCVEI0400/300/50 -
Mioar, DFEA, CTOC, CTTT,
CTAD, 3TOV, STSX, FPSS,
FPTT.
= Wirlax XC\WVI000E —
DFES, DFEF, FPD.
= Sparlan XCS40XL — Miar

e > “single-wide” — DFEAs only
Fstov [ ] | L2STT

STOV | LISTT > “dOUble—Wide” — everyWhere e|Se
STOV |
STOV |
STOV |
STOV |

LIPS

= « 500+ Xilnix Virtex FPGAs
N programmed using VHDL

Same Motherboardgland two

LIPS Daughtercards (excep® for Mixer)
. "Fnrnh:u.WHn_"- DEEL A

i P S




CTT Organization showing links to the L1 TM, L2 PreProcesors and L3

[AFE] [WXer| [ ore |  [coL | * Run 168664, Event 28548088
e I - Triggered by TTK(1,10) and

DFEA
=] oFea [ (2,10)

. =/
P ?i¢ﬂ§~ -

'ﬂ'lw,’ ‘s ‘|.

ﬂ"‘ *!l

o oy

Xilinx FPGAs usad
= Wirlax XCVB00M00/ 300060 —
Mixar, DFEA, CTOC, CTTT,

_’/’ ‘ 48 !q
T

CTQD, STOV, STSX, FPSS,
FPTT.

= Virlax XCVA000E —
DFES, DFEF, FPD.

» Spartan XCS40XL — Mixar

Run 168664, E - 28548120
Triggered by TK 2 10)

iled infarmation

DFEA

No tracks found

Legend:

E& Monitar= to clear)

596
Reset DFEA Maonitor Reset DFEA Monitor :

Levan Babukhadia



Luminosity Profiles of L1CTT Triggers

12000

oo [+ TTKZA B
laTikey | o

o
'e%:
g

8 10 15
Luminosity (x 10®cm®s') Luminesity (x 10®cm? s' )

CTIKES | 1
STKEIO) .7

lIII1II III L]

Luminosity (» 10°cni* s1) Luminosity (x 10°¢cni® s )
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L1CTT at Work

60 - 200 F
50 o i 175
Minimum Bias = 5, TTK(1,10)
40 125 | TTK(1,10) turn on curve | ratio
Entries 102
30 100 = Mean 1956
75 - b R
20 I TR i
50 I +++++*++++ AL MUY
fﬂ L/\— 25 ] 08— +++
i T
0 | 0 I !
0 20 40 0 20 4 L
06 y ~94%
b f
100 —_ 250 — - #
0.4_— ++
80 TTK(2,3) 200 TTK(2,5) | ,
60 150 02— ++
- +
40 100 L
0 1”""1‘_‘—+-I+| 1 1 1 l 1 1 1 L | [— L L | L L L L | L L L L
5 10 15 20 26 30
20 50 Jﬂ pT, GeVic
G [ - PV = = | G o TP e =
0 20 40 0 20 40

Offline track p; (GeV)
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60
50
40
30
20

10

100

80

60

40

20

L1CTT at Work

; 200 F
ini : 175
Minimum Bias i
125

100

75

TTK(1,10)

|

Efficiency to Havea Matchlng L1 Track

50
L_ 25 ¢
' 0

/ 20 40 ;

| —‘ 250 -
TTK(2,3) 200
150

100

EGJJ'L

20 40

TTK(2,5)

¥ o, WP I'_‘_ |

|
0 20 20 0,

20 40

Offline track p; (GeV)

l —L1pT > 5 GeVig

o ﬁ*
0.3} +
v

—L1pT =10 GeVig

W e bR
15 20 25
Offline Track pT (GeV/c)
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bbe Trigger

 Until displaced vertex trigger in L2 or
impact parameter in L3, have to rely on
carefully designed muitlijet trigger
— L1: require three calorimeter trigger

towers (0.2x0.2 in nxo) to have E;
above 5 GeV

— L2: require three (0.5x0.5 in nxo) jets
to have E; > 8 GeV, and also require
H;> 50 GeV

— L3: require two leading jets to have E;
> 25 GeV and the 3 jet E; > 15 GeV;
also cut on Primary Vertex z-position

* A lot of detailed work in designing and

: : 0 \—’4,? E
understanding the trigger at all levels AT ot v & Ty ittt o

* Very hard to design efficient trigger for  w.  CJT(3,5) L2J(3,8) L2Ht(50) L3J(3,15)
low E; jets, rate is constantly an issue
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Measuring bbe Trigger Efficiency (L1)

[| Mean 66.19
:_ RzMSn 21.22 Jet 1
6; gol « 0.4098 206?:2222 Et = 70 GeV
= p1 0.4095 + 0.0268
e omesomesn 2.3 towers Total number of
‘o o2 s s Jet 2 towers for event
| P - 0. —_— > _
3L Erf merged into TanH Et7_t:\2e(ssev _>
2:— ) 4-65
1E Jet 3
E TanH ‘turns on' starting at 20 and full at 35 I Et = 20 GeV
% 20 a0 0 s 100 .65 towers
« The distribution of the number of trigger
towers above th reShOId iS ‘Sampled, to NL;r‘r;b_i' of towers above 5 GeV in Dl-je‘t_eveniswnh leading ]Elélt::;z:‘tween 50 and 100 G}\:’;;
predict the probability of any number of ok ™ s L7
trigger towers to be above threshold - 4 +280 £ 01700
. 20— p2 0.6774 + 0.8676
____ CJT(35) Turn-on in Multijet Events | - p3 2.359 + 04861
T $$ % ¥ 15;— o
%ﬁ%%%@m P(1,5) = 92% | |
b P(2,5) = 87% |& =
B —_ 0] C
£ P(3,5) = 67% | | =il L
: q} iﬁuewﬂam
B # Predicted (using scaled polsson method)
ks j‘ General method, used e.g. in the vvbb trigger
Dn_ 'mﬁ" T e T e oo

Offline Jet Et (GeV)
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Measurmg bbo Trigger Efficiency (L2[L3)

] L2J(3,8)& &L2Ht{50) Turn-on & &
: . . By 1t T
°8~ = prediction EAgE s
0.6 C O d ata %}%i % ot | | T o ]|
o
L &
i ¢$$$
02— *
- 3 L2
i B0
DD ] W@?ﬁq 1 ] ] | ] 1 1 1 L 1 1 L 100

0.09
0.08

0.06

0.05

0.04

P(Nwgs > 3) in 4-jet events

0.03

0.02

0.01 _u ............. ______ H ..........

0
-100-80 -60 -40 -20

0O 20 40 60 80 100
Vertex z (cm)

| Single L3 Jet Turn-on (15 GeV - PVTX_LOWPT)

1— —
B effjets
; Entries 42
0.8 Mean 57.86
B RMS 2372
- %2 { ndf 16.25/ 32
06— po 0.5063 + 0.002737
- p1 0.4935 + 0.002739
B p2 2.321 £ 0.1124
0.4 — p3 17.58 + 0.06787
02— L 3
ol Lo L L .
0 20 40 60 80

240
220

200
180
160
140
120
100
80
60
40
20
0

100

Offline Jet Et (GeV)

 Studied L3 tracking (b-tagging eventually)
L3 vertexing, cut outside SMT fiducial

L3 Primary Vertex Z (0.5 GeV Tracking) | htemp

Entries 6141

Mean -0.1300

RMS 31.55

? | ndf 104.4/85

75% |z|>35cm ;({lnnstant 178.2 + 2.973
Mean -0.121 + 0.4033

Sigma 31.11 £ 0.3344

50 100
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-y
Qo
s

o Rate (Hz)

10

ha

bbo Trigger Efficiency

Lummosﬂ:y 4x10 cm s

nggs Mass = 120 Gev | -
4:=1U 3>15, 2>25 1 »30 Offllne ..Iets (GeV)

. Efﬂmenoy ~>60% for SEEEEEE__: L1 CJT{3 5)
acceptable rate e

« CDF Run | trigger
efficiency was just a
few percent (dependlng
on Higgs mass)!

* To maintain same eff, =i pata(8;18) - :
need CTT+STT+L3 ::::::":‘?"""' AR ¢ A -

Ht(50) and L2(3 B)

MC vix (3 10-25)&(2 25)

0.1 2 4 1
Efficiency
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QCD Background (1)

« QCD muiltijet production with heavy
quark content

— dominant background to SUSY Higgs
searches in bbh — bbbb final states

— no way to simulate with general
purpose event generators

* Di-jet processes
— get extra jets from ISR+FSR
— CompHEP/Pythia fail to describe data

* Three-jet processes, e.g. bbg
— in Pythia, still di-jet production; get
two b’s from flavor excitation or gluon
splitting
— can potentially tune to Tevatron data
results on b production
» bb+jj/cc/bb four-jet processes

— CompHEP slow or would bias kinem.
— ALPGEN by M. Mangano et al.

» Eventually, data driven — require
good understanding of b-tagging

0

i
0 E

%
£l

1st, 2nd, 3rd, and 4 leading jet E; spectra

1 1

m mfasthi

Apply JES correction

2 41 &0 80 100 120 14 10

- |

1]
TR L

40 &0 80 100 120 400 180

i
10

&

]

2 41 G0 80 100 120 MO 9GO

in data, trigger mix

'

»
10

n'

1['5
0

caelev i les
a0 G0 B0 100 1%

140 160
[i"‘mew
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QCD Background (2)

1st, 2nd, 3rd, and 4 leading jet E; spectra

n

« Select data with the dedicated
bbo trigger

* Apply trigger efficiency turn-on 2k
curves measured in data -
(previous transparencies)

 Fair agreement in jet E; spectra,
(except maybe 2 jet...)

» Also good agreement in jet n

» Able to use fast MC having R TR TR TR T TR T TR T
checked that it agrees with results
from detailed detector simulations

« Also fair agreement in mass
spectra of various dijet
combinations (except 1st/2nd jet
mass)

» Concentrating on b-tagging (both
offline and in the trigger, L2 and
L3) and on determination of QCD
background from data

NIy
TT

mm[ats

- lFEEt"C h[1]

: ! ]
e 0’k

4
10 E 10

1
nE

T
! E

.
1

i
n =

0 an 40 &0 B0 0D 1!? t14|II 160
Elrt Gev)
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Two b’s or not two b’s

* Due to recent theoretical advances models * With a proper choice of u.= pg~ m,/4

with enhanced couplings of Higgs to (also motivated by NLO calculations)
Beauty even more attractive (see e.g. this problem has been resolved
hep-ph/0204093, 0301033) « Ok to sum collinear logs to all orders via
« Main production of Higgs in association DGLAP equations into b distribution
with b’s at both Tevatron and LHC - Require at least one high p; b-quark
b — leading order subprocess gb—bh(—bb)
e SR
— use b-quark distribution (b-quark sea from
gluon splitting) gttt b
— no high p; b-quark — h—1t/up, b-tagged jet to reduce bckg
— h—rtrt at Tevatron and LHC — h—bb gives final states with 3 b-quark
— hoppat LHC jets
—  h—sbb overwhelmed by gg,qq—>bb » Good news is that XS for bbh is x3

higher and there also is gb—bh(—bb),
an order of magnitude higher than bbh
----- h (bckgs higher too, but S/sqrt(B) might be
better — studying now)

* Improves prospects for Higgs discovery

with enhanced couplings to Beauty
Levan Babukhadia

* Should be same as q
having integrated oum

» Used to be x10 bigger!
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Where in the Bigger Picture?

- 50 Higgs signal @ m,, = 115 Ge¥ CERN Currier
= 3 Higes signal @ my, = 115-135, 150-175 GeV

= Reach ultimate for top. W, B physics Jan/Feb 2003

= 3e7 Higes signal @ m, = 115125, 155-170 Gay
PP - Exciude Higes over whole range of 115-180 GeV

= Possible discovery of supersymmetry in a [arger
Traction of parameter Space

= 3 Higp= signal @ m_ = 115 GaV

= Exclde much of SUSY Higes parameber space

= Of SUPErsyMMmEetry in 8 sagn
fraction of minimal SUSY paramater space
(the sounce of cosmic dark matber? )

= Measure tp mass £ 3 GaV and W mass = 25 MeV

= Sipnificant SUSY and SUSY HE sparches

- extra dimensions at the e im} scale
= B physics: constrain the CKM makrix

= improved op mass measunament
W - High p, jets constrain proton structure
300 pb™ ! B8 ing and B phy:
|- SLISY Higes search @ large tanp
- rehies beyond Hun T sensilivity

Each gain in luminosity vields a sipnificant increase
in reach and lays the foundation for the next steps

Right here!
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Conclusions

 Higgs is the only remaining fundamental puzzle in the Standard
Model and its discovery would complete it

« However, many reasons to believe that the SM Higgs is not the end
of the story — rather the first window to new physics
— In the SM, Higgs mass diverges, fine tuning, “scale hierarchy”
— The SM Higgs potential is just an effective theory of something else
— Hierarchy of masses indicative of deeper underlying principles
— Origin of Mass, Mass without Mass, or Mass without Matter, or ...?

« Searching for Higgs with enhanced coupling to Beauty at large tanf
particularly attractive at the Tevatron (and LHC)

» DG is back, Run 2 detector performance is very encouraging, and
the SM and beyond-the-SM Higgs searches are well underway

* First new Tevatron results on Higgs to come from the (b)b¢e channel
« Stay tuned for summer conferences...
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FY03 Luminosity Expectations

Run February to late-July
Continued running in Fall
CO Lambertson replacement
10%o in peak luminosity by 3/1/03
Accumulator bands 2&3 equalizers
5% in peak luminosity by 5/1/03
AP3 beamline
5% in peak luminosity by 6/1/03
MI longitudinal dampers
15% in peak luminosity by 7/1/03
6 week shutdown in July-August

— Recycler vacuum

— e-cooling civil construction

— Tevatron collimators

— NUMI installation work

Reliability — 1.5%/month in

integrated luminosity over 9 months

Stacking upgrades — 1.5%/month in
integrated luminosity over 9 months

weekly int. luminosity l‘uh_l}
peak luminosity (E31)

12

.
=

e 2]

=

0

FY03 luminosity
14||l||l|ll|ll|l||lllllll Illll-l}ﬂ]
E weekly int. luminosity ]
= typical peak luminosity /- 300
I E—
-] = achieved int. lum. i B
. 250
|| — integrated luminosity _V . 1
I - 7]
i 200 B
. el
- 3 150 g
] @
i Z
0o G
- 'H._"H
1 50
| 11 L1 .| L1 11 L1 il I- 0
Novi27  Jan/24  Mar/23 May/20  Jull7  Sep/13

Oct/1

date
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I [GeV]

100 150 200 250 300 100 150 200 250 300
M, [GeV] M, [GeV]
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Entries

Entries

Higgs Mass Reconstruction

% 3 —_ all combinations

80 E_ === MC b-jets from Higgs

70 ;—

60 i—

50 i—

a0 -

30 i—

20 ;—

10 ;

0O IEISIO ; I l(I)O B 150 ] 200 250
M, [GeV]

40 — 15/2" and 15439 jets
35 (| MC b-jets from Higgs
30 i—
sf
20 i—
15 My =120 GeV
10

5E- i

0 = ::-"i | it | Bl |

0 50 100 150 200 250
M; [GeV]

Kinematic cuts:

e Ist & 2nd jets —
E.>30GeV, |n| <2

. 3rd & 4th jets —
E.>15GeV, |n| <2.5

1st/2nd and 1st/3rd hardest
jets invariant mass selects
50-60% of the signal
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Entries

Secondary Vertex Tagging

* Long b lifetime (t, ~ 1.6 ps) and

many decay products (several

charged tracks) allow for b-quark

tagging using detached vertex
« Secondary vertices (SV) found
using Kalman filter algorithm,

require Decay Length Significance

=Llc >3

» Tag jets within AR of 0.3 of SV’s

w

— SV-tagged
= MC b-jets

=
o

=
o
N

[N

[Eny
o
© T TTTTT T T TTTT T T TTTT T IIIIIII| T 17

100 120 140 160, 180 200
jet E [GeV]

400

300

200

100

800

600

400

200

M, = 120 GeV

10

20

30

40

50

60 70 80 90 100
SV Decay Length Significance
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Efficiency
=
N

0.1

c/light-quark mis-tagging in eta

-

o Efficiency
o
o

.02

0.01

Levan Babukhadia



Bo.1

#

0.0g
n.n4

0.2

n.ofr
0.06
0.035
nn4
n.o3
n.og

0.o1

QCD Background (3)

1st 2nd_ 3rd and 4t leading jet n

== Data
m 1 FasthlC

0.3
0.03
nar
0n.0g
003
.04
0n.n3
0ol
0o

e

006

noir-

004 -

0.3

noiF
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