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Joe Incandela, for the UCSB High Energy Group, May 24, 2002



Gauge Fields

EM: field potentials = gauge freedom o Gauge theories
O F# =V = (p, j) (FH = 0AH - 9HAY) — Classical EM Gauge Invariance
040, A - 0V(0,AH) =}" - Quantum Mechanics Phase Invariance
e presence of Au

— Quantum Field Theory

- Maxwell eqns. invariant for
AH — A7H = AH + gHX
QM: phase invariance - gauge invariance

« QED -U(1)
: - gauge invariance —massless photon
Oy - Dy=0, +igA, = covariant derivative gatige fnvart = P
. OQFT: Fields b t t QD UG
Q . Fields become operators - Gauge invariance implies massless
- QED Free massless photon Lagrangian gauge quanta (8 gluons)
Lem =-174 FAVEy,

- Quark confinement - jet production
Lem = -1/4 FAE,,H(m2/2)AFA, not gauge invariant!

Covariant derivative — particle interactions e The weak nuclear force ?

e Lagrangian for free Dirac spinors:

Lp = Wiy o,-mw

e Gauge/phase invariance a“ - Dy= au +ieA,
Lp - LDYZLD+j“ A, where jH=eWY Wy
L=-174 FFF,, + Y(iyo,-mW¥ +jH A,
Euler-Lagrange— 040, A - 04(0,AY) = j#

{u] {c] { ]
dlls||b . .
High Energy Physics
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Weak Force

e \Weak Nuclear Force

— Hints of SU(2) gauge symmetry
e Doublets
» Universal Coupling G

- But short-ranged = massive gauge quanta
* Interactions only observed over short distances (effectively contact interactions)
e Coupling G¢ ~ 1/M?

- How to reconcile ?

 An example from Nature: Superconductivity
j*= (-g%¥m) OYCPAH (London)
049,A" - 0V(0,A4) = (—c/m)DYLPAY = —M2AY
Cooper pair (boson) wavefunction Y with non-zero constant ground state

— massive photon!
Supercurrents screen the EM field making it effectively short-range

[1Massive gauge quanta are possible when gauge symmetry is broken!
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EWK Symmetry Breaking

e Glashow Weinberg Salam SU(2) OU(1)

L =-%WH'W,, -%B#B,,

WHY = 9VWH; - OFWY; + gellfWH WY, B4’= gVBH - 9HBY
 Add a scalar doublet field

@ =272 (@i, H-1q,) with potential V(@) = L@@+ A\ [F (A>0)

- This is the most general SU(2) invariant and renormalizable potential
- (e.g. Gibb's free energy in ferromagnetism)

- /2>0symmetry retained (T>Ty)
- <0 = (@), # 00 (T<T)

Lo= (Du @) (Du @) —V(9)
- where Dy= 0, +ig (1/2)Mv,+ig/2 B,
- choose gauge with ¢ = 2°¥2 (0,v+H), (H), =0

— Lagrangian now has 3 Massive Vector Gauge Bosons and massless photon:
Wui: 2-12 (Wu1iwu2) Mw2 = Y% g2 V2

Z,°= (P+g2) V2 (-gButgW8) M2 = u (gP+gAv2
Au= (P+g2) V(gBurg W)  Ma2 =

ulle
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The Higgs & its couplings

e Electroweak Couplings satisfy F(H ) = (Ng?/32m) (e / My ?)(1-4me?/ M ?)Myy
H - W*W-) = (g2/1281) (M2/ My f(x)M
gsinBw = e = g'cosby  (Mz= Mw/cosby) ) ) = (g7/1281) (M Mw)TOOMy

where f(X) = (1-x)/2 (1-x+3x2/4)

From p decay G./2Y2=¢g2/8My2=1/2v2
H y Br J W and X = 4 My2/ M2

= M,, ~ 80 GeV
r(H — W+W_) / I_(H —)ff) - MHZ/ mf2

M, ~ 91 GeV
— In the process, also generate masses And the Higgs term itself:

for fermions: V2\ H2 = My= (2)\)1/2\,
L =Aq QL @dr

 We know everything about the
Standard Model Higgs except

- its mass
- whether or not it exists

)\d = 212 md/V ~ md/MW

- The coupling is proportional to the
fermion mass

e.g. top quark:

A= 2Y2 m/v = 2V2(174.1)/(246) = 1

ullc
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@ 2000y

§ [ CDF(1B) Preliminary  X?/df = 82.6/70 (50 < M < 120)

w [ W-oev X’/df = 32.4/35 (65 < M < 100)
1500 % Mw = 80.473 +/- 0.065 (stat) GeV
1000 £2% Backgrounds

[ KS(prob) = 16%
500}

2 60 70 80 90 100 110 120
500 . Transverse Mass (GeV)
§450 2 CDF(1B) Preliminary x2/df =147/131 (50 < M; < 120)

W 400 - WY ! [ X®/df = 60.6/70 (65 < M < 100)

350 © it Mw = 80.465 +/- 0.100 (stat) GeV
g 1y |
300 ot \*
1]
250 - ‘HL 1‘ i | 55 Backgrounds
200 £ k KS(prob) = 21%
150 & 4 i
100 \
50 ke Fit region --- Mg g------3
L L LT 8 ad B R
950 60 70 80 90 100 110 120

u

d

Transverse Mass (GeV)

S| High Energy Physics

W-Boson Mass [GeV]

pp-colliders —e— 80.448 + 0.062
LEP2 —=—  80.401 £ 0.048
Average -0 80.419 + 0.038
X?/DoF: 0.4 /1
LEP1/SLD —A— 80.368 £ 0.034
80 80.2 80.4 80.6
m,, [GeV]
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Mass of the Z Boson
Experiment

ALEPH o

DELPHI ®—

L3 —@

OPAL 4

LEP &

common error '

91182 91187 91192
M, [MeV]

The W and Z were discovered by
UA1l and UA2 at CERN

u

s High Energy Physics

M, [MeV]
91189.3 + 3.1
91186.3 + 2.8
911894 + 3.0
91185.3+ 2.9

X ?/dof = 2.2/3

91187.5+ 2.1
1.7

250

200

150

100

50

250

200

150

100

50

CDF(1B) Preliminary
Z . ee xZ/df=1.3

CDF(1B) Preliminary
Z - uM x?/df=0.89
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SM Higgs Mass Bounds

600
e Triviality:

500 — To avoid having the higgs self-
coupling vanish, you need a cut-
off L at which new physics occurs.

%, 400 « Vacuum stability:
% - Require V(@) < V(0) - i.e.
O 300 symmetry breaking takes place.
"I EW For some masses this requires
> " Precision new physics above a scale L.
200 S , e Fits to EWK Precision
Measurements:
100 - - MH <188 GeV at 95% CL

e LEP Il direct searches:
— MH >114 GeV at 95% CL

3 5 7 9 11 13 15 17 19
log;q A [GeV]
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Standard Model Flaws

e Problems

— Hierarchy Problem: How did we get here when the only known
fundamental scale is the Planck scale (M, ~ 101° GeV) ?

e What is the underlying reason for EWK symmetry breaking and why at this
low energy ?

- Fermion and Higgs Masses ?
— How do we include Gravity ?

- Fundamental Scalar Theories are Fundamentally pathological
e Quadratic divergences
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Beyond Standard Model

 Many other ways to break the symmetry

— Fermion composite (cf. cooper pairs)
e Technicolor - Topcolor-Assisted Walking Technicolor
(a.k.a. “ Stumbling drunk ...”)

- Supersymmetry (SUSY)

e [] Standard Model particle Oa SUSY partner with spin shifted by 1/2
Fermions o~ Bosons
At least two Higgs doublets required
e Appealing for several reasons
- Superpartners cancel divergent terms in higher order corrections to the Higgs mass.
- Formulated as a local symmetry, spin-2 graviton must be introduced
— Appears in superstrings

— Gauge coupling unification at ~10'6 GeV if there are exactly 2 higgs doublets (and
possibly some number of singlets)

ujlc
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Supersymmetric Higgs

e Minimal Case of 2 doublets:

- tanfB =vy/v; and Vvi2+vy?2 = V2

- After W,Z masses, 5 remaining d.o.f.
e 5 physical higgs bosons h,, H,, A,, H*
e Scalar potential has one free parameter

- masses are expressed in terms of
ma and tanf

- Large radiative corrections (at one-loop)
M2 < M22 + (3GE/(2Y212)) M# In(1+m2/M2)
My < 130 GeV

< 150 GeV (w/Higgs singlets)
- Some Important features
e Couplings to W,Z now shared

Ohovv? + OHgvv? = Quvv? (SM)

dlls || b

RiAl eFermion couplings also (S.Dawson hep-ph/9411325)
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Feynmann Diagrams for SUSY

1%

.
>

b = CEET

stop pair production to top-like decays with bottom or cascades to charm

ujflc
a5 |8 High Energy Physics Incandela — May 24,2002  slide 12



History of particle physics

2020 A o0o © Parallel experimental and
o theoretical developments
2000 . Rl 500 — Discovery of several layers of
. fundamental particles
1980 \:)/g QCD. and GW.S 100 — Realization of the importance of
QUARKS .L.L.an W.o. .
i dslateptons  SUB) SUR2) U(1) Gauge symmetries
weo ff ¥4 _ _
y |100s of 20 And some accidental symmetries...
i arTicie
o QED.
1940 Wvpy u(l)
e+!
e A 5
1520 NUCLET
Nuclear Forces
1900 ) 2
€ | atoms
1880
1
Electricity & Magnetism:
1880 Gauge Invariance  pAh—sp¥ = A4 oM
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Experimental focus today

e Some Questions at the leading edge where UCSB hopes to
help shed some light...

- Why is the universe predominantly matter?
e \What is and what causes CP violation ?

- What is the composition of galactic dark matter ?
e Weak scale SUSY ?

- Why do particles have mass ?

e (l.e. what is the origin spontaneous symmetry breaking ?)
- What is there beyond the standard model ?

e Is the universe super symmetric ?

ulle|lr
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Outline

e Hadron Colliders (Campagnari, Incandela, Stuart)
- Some Basics
- History
— CDF Experiment at the Tevatron
- CMS Experiment at LHC

e Cold Dark Matter Search (Calawell, Nelson)

— The common thread
— Listening out for WIMPs

e Babar Experiment at SLAC* (Campagnari, Richman)
- Rare b decays and CP violation
*(covered in Tuesday's colloquium)

ujlc
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Hadron Collider Jargon:PDF’s, P+, and n

- Really colliding ‘partons’:qg, qq, gg
e ( can be a valence (u,d) or a sea (virtual) quark (..,s,c,b...).
- Momenta given by Parton Distribution Functions (PDF's)

—> Can't balance all components

- Py = Transverse Momentum must balance.
- Pz = Longitudinal Momentum (along the beam) unknown.

e Coordinates (r,n,@) with n = - In(tan(6/2))
e Distributions (dN/dn) invariant under boosts in z

010203040506 07 08 09 1 11 12 13 14

LLTTT 777

Quadrant of
the CMS silicon
tracker

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Z (beam) axis
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Colliding Partons

up quark

0001 001 0.1
X

—=Broadband: Production of particle states
with cm energies ranging from a few to 100's of GeV

ujlc
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“Minimum Bias” Events

Vast majority of
collisions, but not
interesting...

t
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Hard Collisions

() > < _ Quark-Antiquark
= Annihilation

Example: top quark pair
production
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FNAL and CERN

= =armi . LS

., ational uropeenne
Geelerator ' “echerehe=== -
aboratory “Llicles

t
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Collide Hadrons ?

10

=
o
w

=
o
N

=
o
[

=
o
o

Constituent CM Energy (GeV)

10°

€ Accelerators
1T | —®@— dectron TLHC -
p + hadron
—+ Higgs boson
1 Tevatron
1 SppS /;Pll O tquark
s L C
=+ TRISTAN © W, Z bosons
T PEP
T / CESR
1 ISR
—+ féAR 0 bquak
1 o cquark
= Prin-Stan
- o squark
| | | | | | | | | | |
I I I I I I I I I I I
1960 1970 1980 1990 2000
Starting Y ear

b . .
High Energy Physics

Incandela — May 24,2002

slide 21



Challenge and Reward

Higher Energy
Broadband production

— Discovery machines

Physics cross-section high
What's interesting is rare

The ability to find rare events
IS a consequence of evolved
detector design and
technological innovations

— Multi-level trigger systems and
high speed pipe-lined electronics

— Precision, high rate, calorimetry
— High rate wire tracking detectors

— Highly radiation-tolerant Silicon
microstrip and Pixel detectors

1mb

G (proton - proton)
-
=2

-
2
-3
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Hadron Collider Detectors

Muon detectors

Hadron calorimeter

Electromagnetic
salorimeter

14T
Solenoid

n Drift
Lt o q;hamber
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Micro-Vertexing

First operation of a Silicon
detector first in a hadron
collider: May 12, 1992.

Generic (u,d,s) jet

b,c,T jet

uillc
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Tevatron: Top Discovery

Displaced Vertex b tagging
No Tag (25515 Gev) e CDF and DO successfully found the top

N * \ quark with a cross section of ~ 10-1° g,

C -
- ] 188.4 & 12.8 GeV,/c* Dilepton
L] 200 300 H
SW X SII”E liz .[-'.LE'E._L"U — :_| 1723 £ 7.8 Gﬂ"h"fc‘ Lep‘tﬂn+jet5
6 R ol 172.1 £ 7.1 Gev/cc Combined
5 =T Tog
C D4F / i J CDF
) B —— 1674 £ 11.4 Gel/c* DMepton
’ - -I\-"E_._TI;( -\. ;'."."-\..'-I-I i
2F " —i— 175.8 £ 7.2 Ce¥/c" Leptontjets

——a— |188.0 + 11.5 GeV/c" All—Hadronic

(LRI M K] :

SVX Double Tagged —— 178.0 £ 8.5 Gav/c® Combined

C D_f “\/ o 174.3 £ 5.1 Gev/c

||||||||||||'|||||||||||| Twutranl:nmbinsd
1902 180 170 180 180 ZO0D

Mo, [6eV/c?]

[N}
(ERIN] 2060 300

el ]
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What's Next ?

e Hadron Colliders have 2 main goals.

1. Find the Higgs

2. Direct evidence of something beyond the standard Model
e.g. SUSY partners

e Plus... more work on the Standard Model:
— Precision electroweak measurements
M,,, M
- B Physics
CKM and CP Violation
e B, mixing

e .. as well as more exotic fare...

- Large extra dimensions
— Mini-black holes (Giddings UCSB)

top

ujlc
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Tevatron: SM Higgs Production

102 - —————
. o(pp- H+X) [pb]
Vs=2TeV
[fo] 10 - M, = 175 GeV E
5 gg—H CTEQ4M
1

10
-2 i
10 .
S S ggqd-H
4 99,04 - Hbb
10 1 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1
80 100 120 140 160 180 200
M, [GeV]

e gg- H dominates but swamped by dijets

e (g - HV factor 5-10 lower but backgrounds are more rare
(tt,Wbb,Zbb,WZ)

uillc
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Tevatron:

SM Higgs Decays

|

m, <130: H-bb
dominant:

— W(lv,qq')bb, Z(w,ll,qq)bb

final states

m, > 140: H - WW
dominant:

= W'W W'W W, WWZ :

*I7vv, I"I"wvjj, IF171"*

final states

MSSM Higgs: many of
the same channels as
SM and enhanced
association to bb at
large tanf3

u] {CH ]
s High Energy Physics

Lepton id, b tagging
and £ are crucial

T,
WW- \
S

Low mass Higgs High mass Higgs

Brahching Ratio
=

L
100 120 140 160 180 200
Higgs Mass (GeV)

= [TTT |IIIIIIIIIIIIII|IIII|IIII|IIII|IIII
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b

= C(_ZET

stop pair production to top-like decays with bottom or cascades to charm

ujlc
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Colliding Beams

FNAL Tevatron
R=1km, Epe,y =1 TeV, B=4.5 Tesla

Bunch structure:
36 x 36 will be 141 x 121 bunches

100

10

— Goal: A high beam-beam crossing
rate but with (Ny ~ 1 collision per <N>
crossing (expect 1 - 10)

1
...... o
-
-
...... o
- = 0.1
""" > WS o S o
...... > 180 181 182 183
- o
- Luminosity
...... o
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Luminosity Profile*

Luminosity scenario
6
O m

5 4 2 2 T

S m
47 Run 2a h ¢ Run 2b
3 | u

t . .
5 | N d + Peak Luminosity

0 [x10**32]
1| H w W Integrated luminosity

T n [fb-1/yr]
O I l l . I } l
2002 2003 2004 2005 2006 2007 2008 2009
Year
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Some Numbers

e Collisions are frequent (~ 7 million per second) but
Interesting collisions are rare.
— 102 collisions allowed us to observe ~ 50 top quark events

« We can only write ~50 events to tape per second.

- Three decision (‘trigger’) levels:
e A first analysis is done in ~4 us
e A second quick analysis takes ~ 20 ps
e The third and final analysis takes ~ 0.1 second

e We collect 1 Terabyte of data per day and our total data set
will be ~10 Petabytes

ullc
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e T = R -- 1B R __III‘ETT'_T“"H]
—Collider Detector at Fermilab(ChR S
Incandela & Stuart ' Skt s




The CDF Collaboration

North America Europe Asia
B=—— 3 Natl.Labs 1 Research Lab o 1 Research Lab
=== 25 Universities 6 Universities 4 Universities

El 2 Universities E 1 University @ 1 University

-l'.*l- 1 University
®T& | consortium

CDF physicists
Taiwan _Cermany
3% 2%

e 11 countries
— B2 institutions
— 525 physicists n LUniversty |y
(140 students)
195 PhD theses since 1985

Canada

uS
63%

ulle
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Ak

%

CDF Il Silicon

e SVXII (SVX)

e mm e
o —

=
&=

] High Energy Physics

Originally the only Silicon in
the upgrade w/ Main Goals:

Extended coverage with
smaller gaps in z and @

3D vertexing

Triggering at Level 2 on 2D
displaced tracks

e ISL

Extend b-tagging to |n] =2
Help link tracks found in the
Drift chamber to SVX

« Layer 00 (LOO)

Improve impact parameter
resolution to increase B tag
efficiency

In the Level 2 trigger
Outlive inner layers of SVX
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Layout

r(cm)

Layer Inner/Outer | Axial | Stereo | Stereo

Radii [cm] Pitch | Angle Pitch
[um] [um]

1.35/1.62 25 - -
2.5/3.0 60 90 141
4.1/4.6 62 90 125.5
6.5/7.0 60 1.2 60
8.2/8.7 60 90 141
10.1/10.6 65 1.2 65
19.7/20.2 112 1.2 112
22.6/23.1 112 1.2 112
28.6/29.0 | 112 1.2 112

39 z ;
— ““a ? i //W
30+ - ®
’ L - ISL
25 * . portcardsg
i / ISL hybrid
20+
- % SVXI|
15 AR ER
| portcards
107 ‘ : '
I _ Lo ﬂzA
O | P B S S E |
—-150 —-100 =50 0 50 100 150
z (cm)

ok

Hb] High Energy Physics

«All silicon is p/n

*All layers except Layer 1 are double-
sided silicon

*90 degree: Double Metal

Incandela — May 24,2002
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SVX3 Chip

— Analog Front End (FE) and Digital
Back End (BE)
 FE has relatively low noise

integrator and 42 cell analog
pipeline with 4 buffer cells

e BE has comparator, ADC, and
sparse readout

Deadtimeless:

e (Capable of analog operations

during digitization and readout
- Dynamic pedestal subtraction
(DPS)

e Enables common mode noise
suppression

& 3 [ ] -
e s e ..

e H;EE=I11I;
I

i

e ———_—
TINENE N ANENAENEnm
U RLIN] LI R TR TR
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CDF Run 2 Silicon Table

5 2 8

Layers 1

Length 0.9m 0.9m 1.9m

Channels 138214 405504 3
Modules 48 SS 360 DS 296 DS 704
Readout Length | 14.8cm | 14.5cm 21.5cm

Inner Radius 1.35cm | 25cm 20cm 1.35cm
Outer Radius 1.65cm |10.6cm 28 cm 28 cm
Power ~100W |14 KW 1.0 KW 2.5 kw

gal
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Impact Parameter Resolution

300 F
SVX Il + ISL only:

100 Hybrid region of SVX Il

w/out Hybrids

- With

|.F. Resolution [um]
S

Layer 00 \
10 b e — ..*.‘.".—.m
p_[GeV/c]
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B tagging

B | | | | | ]
g - B
- —— " 50%ofb daughter tracks in top =
- — decay have p; <3 GeV E
e ]
- Meop =175 =
E | | | ‘ | | | | ‘ | | 1—‘= . : N ‘ . . . J E
0 5 10 15 20 25 30
PT [GeV]
Displaced Tracks (d/c > 2.5) in b Jets
5
al o e Layer 00 increases
: y ' the number of
gl ——  —— observed displaced
[ — tracks and hence b
of tagging and _flavor
— tagging are improved.
10
I == With LOO
Oj e \\V/ithout LOO

10 20 30 40

ullc E+ [GeV]
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Components
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One @gfoup of strips
installed at a time.

In every case the strips
were aligned to the ”
nominal cylinder axis to 4
better than 50 um overy
the 90 cm length.

= Strips are parallefto
better than ~ 55 yrad




,L_n..hh |

—

CDF Layer 0 Silicon:

£
U CES BEESLECAVENIC s ts proposed, a
desidii-MGRO WIS thuctand operate t
".-'___E ! p




Installation
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“Inside SVX

Installation clearance; 300 - 450 pum over ~2 m




CDF SVXI

ok

3 Barrels: Very Compact design:

eElectronics mounted directly on
silicon to avoid longitudinal gaps.

eOverlaps in @

eRadial span ~8 cm for 5 layers !
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UCSB Involvement in CDF Silicon

L

-4'
-

e UCSB CDF physicists

- Joe Incandela , David Stuart (Faculty)
- Tony Affolder, Chris Hill, (Post-docs)
— Cigdem lIssever, Russell Taylor (Post-docs - not in picture)
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CDF Run 2 Silicon

e Goal: maximum sensitivity to
Higgs and SUSY in 15 b

e« Depends mainly upon 3 things:
- B Tagging
e For W/Z+H, H - bb the ability
totagbjetsinl<E 2
accounts for roughly 2/3 of our
sensitivity in this channel.
e We need the highest possible b

tag efficiency while also
maintaining low tag rates for

Acceptance - Trileptons

140 — With ISL

120
— Without ISL

100

-h\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
w
N
=
o
(BN
[N}
w
N

80 charm, light quark, and gluon jets.
60 - Lepton id
« For SUSY channels with 3
40 leptons the ability to track and
20 determine particle momentain 1
<MiE 2 accounts for the
0 majority of our sensitivity.

- Energy resolution

e« Jet energy and missing E;
resolution need to be optimal.
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ime O Hlign

. 216 scmtlllator bars just outS|de cCoOT

- 4x4c 2by28m long
0 b . h ends"WZfine-mesh pmt's .
.' DS resolutio'r’{"'fhéﬁ“goal: 125 ps has been achieved
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CDF Calorimeters

« New Plug Calorimeters
— Scintillator tile design

ujlc t
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Jets in the Plug Calorimeters

wafl Event: 1322 Run: 102826 EwventTwpe: 0 TRIG: Unpr. - Fired bits: 1,4,11,12,14,15,18,20,21,22,23, Pr. - Fired bits: 20,22, , Myron tuell Event: 3143 Run: 102826 EventType : 0 TRIG: Unpr. - Fired bits: 1,4,11,12,14,15,18,18,20,21,22,23, Pr. - Fired bits: 20,22, , Myromn m

etdt_c1[0] {etdi_cl[0]=1.08 | hiamp | missingELmet | htemp
] | Mert = 13674 Ment = 16812
I Mean = TEET | Mean = 7388
T AMS = 7615 - AME = 4.847
| Run 102826 | 10"

“ JetEtDist" M'ET Dist

i0 ¢ 10

e B S —mma— s 20 r = = - =
Jet Et [GeW) GV
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Myron mode 0

slide 60

- Frred bats; 22,
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: Unpr.
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CDF Muon System

ST
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First Collisions

Event : 7973 Run: 102837 EventType :0 TRIG: Unpr. - Fired bits: 1,41,14,15,21,22,23,24,26,30, Pr. - Fired bits: 22,

| |
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CDF Trigger Scheme

Detector Elements

GLOBAL
LEVEL 1

GLOBAL
LEVEL 2 TS/CLK

{u] {CH ]
s High Energy Physics
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Very First Tests

10 ]
Entries 2235
X Mean O TT4BE—03
E'm -
L RS G2 AESE-01
- Beam wendf 2555 /7 13
[ . Constant 105 5
75 - PrOfIIe M?:;:. o _n.'gH:'F—-;:.:!.
F Sigma RTOSE—D2
s | o~ 8 im
125 |
100 F
7= F
0 |
2 F
il [ 4 | [—— 1 1 |
R F2E O 0TS 00s 002E 9 028 0085 007F 0 0128

OEUD Cut

Measured online -
with level 2 trigger!
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Particle Tracks

Event: 136172 Run : 103584 EventType : 0 TR1G: Unpr. - Fired bits: L44.21.23, Pr. - Fired bits: 44, | Myron mot

wedge 4
reco track

Pt = 2.73 Ge\,f_‘

Pt >= 2 GeY bit fired

¥FT found trag

{u] {c] {r]
dlls||b . .
High Energy Physics

Incandela — May 24,2002  slide 65



CDF Deadtimeless Trigger&DAQ

Dataflow of CDF "Deadtimeless"
Trigger and DAQ

L1 Storage
Pipeline:
42 Clock Cycl
Deep

L2 Buffers:
4 Events

DAQ Buffers

Detector

es

L1 Accept

%& L2 Accept

L3 Farm

7.6 MHz Crossing rate
132 ns clock cycle

A
| Tri ggerl
L2

|_|_J_| Tri

Levell:

7.6 MHz Synch. pipeline
5544ns latency
<50 kHz Accept rate

Level 2:
Asynch. 2 stage pipeline
~20 s latency
300 Hz Accept Rate
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CDF DAQ

Data

—’

Qo

L ogger

=

Online
Computing
|

Level 3 Level 3 Level 3 Level 3
\\ / Scramnet
Siptar Network Scanner
& Switch Manager
Master Clock
caw
Sconner - . ®ee
VRBs
Loca  Tracer
Processor
VME
Crate [ 3 N J
1 | 1 | f | f |
Detector Data
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Tevatron Expectations

SM Higgs: CDF 0O DO
Exclude M, < 180 GeV (10 fb-1/exp)
30 : M, <180 GeV (20 fb1/exp)

46 : My, < 125 and 150 < My, < 170 GeV

S

(20 fbl/exp)
USY Higgs

- many of the same channels as SM,

ok

enhanced association to bb at
large tanf

Hb] High Energy Physics

—
O
o
T

@
o

int. lum. per experiment (fb™")
S

SM Higgs

combined CD

F o SHW analyses
[ 0% bkgd. sys.

F /DO thresholds

! Run 2a+2b
goal

Run 2a goal

— 95% CL limit
---------- 30 discovery
5o discovery

80 100 10 #0 B0 180

Higgs mass (GeV/c?)
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 The main background is from tt+jets.
- Select events with a lepton, , 3 b tags

e Reconstruct the hadronic top decay.

— Distribute mass for all remaining jet pairs in which at least one jet is b tagged
e This elimates most tt+light quark jets.

* Majority of what remains are the irreducible backgrounds from tt+bb and tt+cc
remain.

e Reconstructing both top quarks leaves only one pair of jets. Signal
IS very clear.
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SUSY at the Te vatron

SUSY will really begin to
be tested in Run 2!

Tevatron Reach for Supersymmetric Top

| ____ 30 discovery
| 95% CL

Integrated Luminosity, fo!

100 120 140 160 180

200 220 %46
M(t,).Gev/c

Masa (G

§

@
a

w]
a
ALY LLEARRRRRR RALEY

:

g

Theory upgsr
maturgl et

CExpeacted
[ Run Il reach

[ Theory mast

F motura’ walue
" Present
F exper. limit

G, Anderson, D. Castano, PRD 52, 1693 (1995).
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M; Sys te matics

Events per 10 GeV

a1
O

-20L. .

o = N W A
o o O @]

=
o T T

CDF PRELIMINARY

80 Predicted bgr.

T -
20; " et

50 100 150 2
Dijet Mass (GeV)

‘ 100 ; +++ e Observed events

-
\
|

® Excess over background _T_
— Expected M C shape (PYTHIA)

2040 60 80 100 120140 160 180"

Dijet Invariant Mass (GeV)

00

Better control of the jet energy

scales in top events using samples
of Z- bb events and by
reconstructing hadronic W decays
inside top events themselves.

S | «— 300
> 3L L
& 3 = 250
f o)
S == 200}
=25 =
% i = 150}
3, - 100 .m_ -
o -
s | 50f o "%
B |
S 1 I (@) . : . :
S157 0 50 100 150 200 250 300
r M, (GeV/c?)
if
0.5}
o) L oo \":--:--r--.,.-.-\:...T.'.':::::::.-.t -------- -
100 150 200 250 300

Dijet Invariant Mass (GeV/c?)
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Pre cis ion EWK in Run 2

Run 1la, CDF, DG, UA2

o O (MeV)

= *
r Run 1 CDF+DQ

10

r ——— Scaling
+ resolution

+ systematics

1 L L L

107 10°

a 5
107 [ dt (pbH10

Precision measurements of top
and W masses will severely
constrain the mass of the
Standard Model Higgs

M, (GeV/c?)

I\/IW

M,:

: CDF O DU

oy ~ 35 MeV (2 fbl/)
oy, ~ 20 MeV (10 fb'Y/)
CDF or DU

oy < 4 GeV (2 fb'/)
oy < 2 GeV (10 fbl/)

®

O

o
I

80.3 |
80.2 |

80.1 |

Tevatron 2 fbt
10 fbt

AP

e
«©
P

>
\&)
®§
W
oOP
Y\\Q‘
M w Mtop c‘on‘to‘urs 68% CL

130

140 150 160 170 180 190 200

Moo (GeV/c )
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Te

vat ron B Phys ics

ok

Xs With very high
precision

Run 1 CDF:
sin2B=08+04

Run 2 CDF:
+ 0.07 (0.02)
for 2 (15) fb-1

sin2a w/B- Tt
and y w/B - DK

Hb] High Energy Physics

=20
3
= 18 C omb ine d flavor tag
;L;) 16 1 /2 Sig nal/b ack g round
;14 — Layer 00 +| TO
7777777777 L ayer 0 O
o o\ TO F
rrrrrrrrrrrrrrrrrrr Bas e line C D F
10
8
6
4 < 50 me as ure me nt
2 \ |
0 % L L T
0 2 5 50 75 100
XS
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UC SB Prog ramonC D F

e Two - pronged Attack

1. Physics beyond the standard model (e.g. SUSY) via multiple high
energy leptons:
e Start by developing special lepton identification tools to enable us to
extend our sensitive range

e With initial low-luminosity we’'ll measure W decay asymmetry:
- Determines the quark content of the proton which is a major uncertainty in the
W mass determination
e Having developed a high degree of expertise, start searching for new
physics as data comes in

2. Higgs and top physics

- Start studying tracking and b tagging. In combination with lepton
identification, use these tools to study top quark events:

- With initial low-luminosity we’'ll begin to study the rate at which additional
jets are produced with top quarks:

- Determines strong coupling at the top mass which is a major source of
uncertainty in the top mass determination

- This is also the main background to top+Higgs

— Having developed a high degree of expertise, start searching Higgs
decaying to b jets in a variety of channels as data comes in.
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Higgs atthe C ERNL arg e H ad ronC ¢

t 4 O— T T T I T T T T TTTT7T I T I T I I T I T —
g CMS
b ho g Stand ard M od el H ig g s
g g fusion : ty oo t { fusion : Ho 3 5[ 1 -
! usion : 19phb
9
’ Ho WW- 4Z4vv
3 0
q 0}
2
q 4 q W,z 3
- WW, ZZ fusion f——> HO =
q \Ho q swz 2
W, Z bremsstrahlung \ q
e SM Higgs Search strategies
- H - bb 90 <my<120GeV/c2 | o/ JeN o N
- H-ovyy 100 < my <140 GeV/c? 0ot = g
+2 |
- H o ZZ*. 4FF 130 <m, <200 GeV/c? yym=ele s VNs+ Ng -
| N N N O I B | | | 1| | | | 11
- H - WW- Ivlv 140 <m <200 GeV/c? 60 100 200 300 400 500 700
- H-2ZZ - 4F 200 <my <750 GeV/c? my (G e V)
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C M SExperime nt at C ERN

—  Caompagnan &lncandela

MUON CHAMBERS | [ INNER TRACKER | |

7 A

CRAYSTAL ECAL. |

P
I

/ & HCAL

S e

—— s ; TR : P
VERY FORWARD —— | — %

CALORIMETER AT [ e
Wi LT
Sy % o i
ey e o o5 77 g
r - L

Total Weight : 14,500 1.

Overall diameter: 1460 m /

Overall length : 21.60m [ SUPERCONDUCTING COIL |
Magnetic field : 4

{u] {c] {r]
dlls||b . .
High Energy Physics

RETURN YOKE |
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~2 000 scientists from3 1 cou

2000

slide 77

Nove mber 10,
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A Il Silicon Track e r

The CMS Silicon Tracker: |

Total of 230 m? of
Silicon microstrips

Of this ~110 m2 will be
built by US CMS.

UCSB will build 30-50 m?

52 MODUL | - = Z
.0
_3
58 MODUL |
ujlc t
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UC SB Prod uction line

— Significant progress.
e Clean room expanded. . :
e K&S 8090 wirebonder up and running, practicing on Babar modules.
* OGP functioning - for automated mechanical inspection of modules.
e Gantry arrived in March, now being setup.

- New groups (UCR, and TTU) will support production line at UCSB.
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O urJd ob

~6,000 Tracker Outer Barrel (TOB) modules
Current plan 2/3:1/3 constructed at FNAL:UCSB
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Rod s

— 6 (12) Modules per single (double) sided rod

— Preliminary tests complete
e Interconnect bus and cards tested with 1 hybrid and 1 opto-hybrid

- Nice results: Signals are extremely clean
- Conclusive test requires full load (12 hybrids and opto-hybrids) planned for later this Spring

Module support blocks

Patch panel

InterConnect Bus — _‘___?3-_-.““‘: >

s o
= Y ‘-;_
. s ‘__-_. - .
I -1'-- I-
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Sup p ort Structure forRod s
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A ut omation

Special robot - GANTRY - was
developed for assembling CMS Silicon
tracker components.

Positioning accuracy 1.6 pum
Production time 10 min/module
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F NA L Rob ot

e FNAL pick and place gantry for automated module assembly
- Made 10 pre-series TOB modules (for May test beam studies)
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C M SEve nt

H (150 GeV) — 770" — 4y
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UCSB on CDF

Formation of Group E—
Run2a Install&Commission m———11

Time |ine

Run2b Silicon hardware support NN — R

Run2 Detector operation

Develop analysis tools &
understand the detector

Near- and mid-term physics:
W asymmetry
Top physics

Long-term physics goals:
Multi-lepton final states (SUSY etc.) suannnnhns
Higgs searches

UCSB on CM S

Formation of Group

TraCker Construction BN I ]

Tracker installation & commissioning at CERN
Tracker Upgrades R&D
Detector operation

Develop analysis tools &
understand the detector

Beyond SM physics analysis
Higgs studies

||||||Y||
I[IYIIII#

IIIIIIYI*
| | | | |

N——
o
o
w

|
2001 2002
0 Potential publication/thesis

I I | I I
2004 2005 2006 2007 2008 2009



The M ilk yWayhas D ark M atte

orbital speed (kmfsec)

10 20 30 40 S50 60 70 BO 80 100
distance from center of Milky Way
(thousands of light-years)

XO
Heavy neutral Particle
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Does the x° have weak interactions?

o g ]

y q u x0
W+ w2 - d
+ B Weak coupling just -

right to explain
theratio of dark to
baryonic matter

-42 or less
(o 103/ #
S(calar) - Spin independent U
A(xia Vector) - spin dependent d

XO XO XO -
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Weak scale SUSY: X isthe LSP

DATA listed top to bottom on
—days Ge(32
CDMS Feb. 2000 ver. sub. to PRL

DAMA 2000 58k kg—days Nal Ann.Mod. 3sigma,w/o DAMA 1996 limit
rojected at Soudan mine

sigma in MSSM

Mixed Models)

1 0_38 , , Edelweiss, 4.5

CDMS,
Ellis et al., Spin 1indep.
Gondolo et al. SUSYP(

10

|
N
&)
T

Cross—section [sz] (normalised to nucleon)
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1 2
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WIMP Mass [GeV]

{u] {CH ]
dlls || b . ) .
High Energy Physics

glot
) June 2001 limit

0 << 1036 cm?:
u, d quarksdon'’t
dominate annihilation

Very low o from
cancellations among
the couplings

hard to cancel Sand A
simultaneously
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D irect D ete ction

Recoil Makes Sound

a7

Nucleus

X v/c =103 (Galactic)

ok

I

Mc? = 50 - 500 GeV)

] High Energy Physics

Superconductor:
phonons break
Cooper pairs

T=20mK
100 g Si and

250 g Ge Crystals
1cmThick, 3" OD
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A Golden Event_+ ACtive Shield

One Detector

|cebox and
Shielding There Now
!-é:‘ '-‘-1 l

Soudan Min
Northern Minnesota
g

690 meters undergrnound
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UC SBRe sponsibilities onC D

Pb/Poly/Pb passive
shielding in Soudan
mine. Operation to
start in 2004

Active Muon
Veto walls

UCSB Background Veto and Shielding:
From outside to inside

e Cosmic ray muons detected via
scintillators and photomultipliers

* Neutrons and Gammas moderated and
attenuated with 15 cm Pb,25 cm

Polyethylene, 3 cm Cu, 1 cm of ancient
low activity Pb

- = Scintillator
panel

UCSB is also responsible for the Data
Acquisition system for the experiment
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UC SBC ontrib utions toC D M

e Inception - Dave Caldwell « Management
e Shielding - both 1 and 11 — Dave Caldwell - chair of the Executive
— Hale, Kyre, Callahan (Technical) Committee
- Yellin (Design) — Dan Bauer - chair of the Experiment
~ Bauer, Bunker (Grad), Integration and Coordination
R. Nelson (Ugrad) (Implementation) committee; subsystem manager
—  Crucial for the discovery of WIMPs (Shield)
e Data Acquisition - Harry Nelson - subsystem manager
. DA
- Soudan Underground Facility (SUF): (S Q:{ " hair of the M Carl
-~ CDMS 1 - largely the work of Dan - >teve yellin - chair of the Monte tario
Bauer group
~ CDMS-11 a new challenge - e Operations
* scale up — Dan Bauer coordinates at SUF Steve

e remote operations

_ Yellin is computer system manager
e conversion and overhaul to more modern

practices e Analysis
- trigger electronics (Sam Burke . . .
- so?tg\]/vare: Java, Cor(ba, event-szilder - Steve Yellin BaCkground simulation
—- Rupak Mahapatra, Dan Bauer, Don * Statistical Analyses
Holmgren (FNAL) - Ray Bunker
 UCSB Grads Ron Ferril, Joel Sander, e \eto

Chris Savage e Ph. D. Thesis - Soudan or SUF/new run
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Shie |d S

‘ UCSB \ o ‘ Soudan\

Passive

Active
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D ataA cquis ition:D A Q

Gigabil Ethernal

| e

. )

{handle asynchronous

Crate CPUs WME Crates
CAENHVPS
Comals,
History Buffar
Diggital Inpul
S&H Joergers, | ——
44 Wuon Vato Discrim History Buffar,
Digital Input
JOBIGEFS,
FEB History Buffer,
Dagital Ingut
HTF
42 Ge/S| Detectors Josrgars
History Buffar,
Digital | k
igital Inpu
Josrgers, —
History Bulfer,
Digital Ingut
e e Slow ADCs,
Eleciranics Cantrol Slars
(contral front-end, RTF, trigger)
Fast Fast Environmental, Fridge
LmE'nE_‘_ Etharnat | Monitaring I||151:umarrl5
{intarnal) {extarnal)
- = he =
FAun Control Ciata Sarver Ewant Builder Monitonng
(DAL satup and [Aead-only user (assembla and
contral) intarface 1o data) SEve avants)

t

b High Energy Physics

mianitoring data)
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The F uture

 CDMS-11

— SUF Run underway - all positive - Dan Bauer will talk

— Soudan - Crunch Time -
« DAQ, shield operational this spring
e Summer - running commences (Towers in July) (next)
e 3-4 Dissertations from UCSB

- 2003 - CDMS-11/Soudan measured (expect internal backgrounds
about twice Soudan neutrons)

e Next step?
— Desire for sensitivity as far as we can go
- Background experience at COMS-11 crucial

ujlc t
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Ne w Sce nario2 -4 -7

2000 2001 | 2002 2003 2004 2005

AR . T1 |SUF

uca/Case[ T2 |[lTal2| Soudan

T34
13 ][] T1-4

15-7

T T T 15 |||  T1-7

| | | T
Begin  Begin  4Twrseo% _ _
Science Soudan Full Science Running
2 Twrs 30%
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The Bab ar Ex_p e rme nt at SL A

S tanford

L inear

» Babar experiment looks at b and b-bar
mesons produced in et+e- collisions.

- Primary goal of this experiment and its
competition (the Belle experiment at
KEK in Japan) is the observation of CP
violation in the b quark sector

— CP violation was Recently Observed at
both experiments !
e UCSB played a major role in both the
construction of the detector and the
data analysis

S| High Energy Physics

-1 0 1 2

Sin2f3 is a relative measure of the
asymmetry of neutral B and Bbar
meson decay rates to W +K,. A
non-zero value means CP is violated

The Babar result is shown above in
the p—n plane.

Incandela — May 24,2002 slide 101



Bab arSV T

The Babar Silicon Vertex Tracker AR Jcse
(SVT) is crucial to the sin 2b n, N Engineers
measurement. Much of the design B "S‘”\}? the
and construction of this detector |

was the responsibility of the UCSB
HEP group and was performed at
UCSB.

i
e
i
-
i
-
=
-
-
=
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The UC SBH EP G roup

Faculty
- Claudio Campagnari (Babar,CMS)
- Joe Incandela (CDF,CMS)
- Harry Nelson (CDMS)
- Jeff Richman (Babar)
- David Stuart (CDF)

Senior Research Physicists
- Dan Bauer (CDMS)
- Steve Yellin (CDMS)

Post-doctoral Research Assoc.

- Anthony Affolder (CMS)

- Jeff Berrynhill (Babar)

- Philip Hart (Babar)

- Chris Hill (CDF)

- Cigdem Issever (CDF)

- Owen Long (Babar)

- Rupak Mahapatra (CDMS)
- Russell Taylor (CMS)

- Wouter Verkeke (Babar)

S| High Energy Physics

e Old Graduate Students

Ray Bunker
Brian Dahmes
Ron Ferril
Steven Levy
Michael Mazur
Joel Sander

e Undergraduates

Robert Nelson
Aviva Shackell

e Technical Staff

Sam Burke (Electrical Engineer)
Dave Hale (Senior Engineer)
Suzanne Kyre (Mechanical Engineer)
Dan Callahan (Technician)

Julie Stoner (Wirebonder operator)
Lap-Yan Leung (Computer systems)
Currently hiring another engineer...
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H ow dostud e nts fit in?

« These experiments depend heavily on graduate students.

e Each analysis topic generally involves only a very small
fraction of the collaboration.
- Students can and regularly do make enormous individual contributions
to major measurements and major discoveries
e e.g. top quark
- The advantages of a large collaboration far outweigh any
disadvantages

e Experts of all stripes are available

 Work daily with excellent physicists from every great physics department
and institute worldwide

e Truly an international undertaking
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C onclus 1ons

e The UCSB group is playing key roles in key experiments
— The search for Dark Matter
— CP violation in the b quark sector
— Search for the Higgs and SUSY

e Key contributions to the Babar, CDF and CDMS and CMS
« We have pretty exciting times ahead..
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