Precision Measurements, Small Crosssections,
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Lecture 2: Tevatron Jets; W,Z,y; Top, Bottom

Lecture 3:
1) Searching for the Higgs
2) Searching for Not-SM events
3) The Learning Curve at a Collider
4) Unsolved Problems
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Acknowledgements

m Thanks to many CDF and DO colleagues whose
work I’ll show... Also SM MC generator folks
(these are the heros- we need more of them!)

m Apologies to DO- I tend to show much more CDF

than DO as I know it much better (happy for help
on this).

m Opinions, errors, and some of the plots are my
own, and do not represent any official anything.

Note-These lectures are frankly pedagogical-
apologies to the experts in advance..
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1.

Some topics woven in t.he lectures:
(part of the hadron collider culture)

‘Objects’ and their limitations (e.g. em clusters)
Fake rates and efficiencies (z=1 limit and I-spin)
The rationale for signhature-based searches

The problem of communicating experimental
results in a model-independent way

The problem of Njets in W and Z production
Systematics-limiting variables
The doubling time: luminosity vs learning

The role of hardware in attracting/keeping
young folks.. .



Some Basics- Partons, Luminosity,..

m Before 1970, folk-wisdom was that dsigma-dPt
fell like e °P*— no interest in exploring pt axis of
the Peyrou plot. Changed with ISR and Fermilab
high Pt pion production..

B Parton model was new- not clear what was
source of high-Pt pions- hard-scattering, CIM,..

m Jets and fragmentation - fans’, or pencils’?

B We know so much mote now, but shouldn’t
forget the lessons we learned along the way...
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First Results- 1972- see
power-law behavior and
energy dependence at large
Pt

BUT- ISR beat us to punch
line (sadly, and barely)

Note energy-dependence
at high Pt- evidence of

hard scatters
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From Rick Field’s Lectures at UC, July 2006
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1971 Berman, Bjorken, and Kogut

PHYSICAL REVIEW D VOLUME 4, NUMBER 11 L DECEMBER 1271

Inclusive Processes at High Transverse Momentum®*

2. M. Berman, J. D, Bjorken, and J. B, Kogutf
Slanford Linear Acceleralor Cenler, Slanford Universily, Stanford, Colifovria 94305
[Received 5 Aupusi 1071)

We caleulate the distribution of zecondary particles © in processes 4 + B — O+ anythinﬁ
al very high energies when (1) particle € has transverse momentum gy far in excess of 1
GeV e, (2} the basic reaction mechanism is presumed to he & deep-inelastie electromag-
netic process, and (3 particles A, B, aed C are either leptans (£), photons ), or hadrons
(hy. We find that sueh distribulion funelions possess s scaling behavier, as poverned by
dimenslonal analvsis. Furthermore, the tvoleal behavior even fora, B, and C all hadrans,
is a power-law decrease in yield with increasing pp. implying messurshie yields at NAL of
hedrons, leptons, amd photons produced o 400- GeV gp eollisions even whan the obseryear
secondary-particle po excoeds 8 GeV/e. There are similar implications for particle yields
from ef-p~ colllding-beam experiments and for hadron yvields in deep-inelastic electro-
;:lrﬂ-:iu(‘tiﬂn fpr neutring processes), Among the processes discussed in saome detail are
=k, vy—h, lh—hk vh—=h, yvh—=1, a5 well ashh—{ 6 hh—=y, bh-=W, and W—h, where
W is the conjeciured weak-interaction intermediate boson. The basis of the caleulation is
an oxtenslon of the parton model, The new inprediont noceasary to coloulate the procosses
of interest is the inclusive probabitity for finding a hadron emerging from a partan atruck
in a deep-inelastic collision, This probebility is taken to have a form similar o that gen-
erally presumead for finding a partan in an energetle hadron. We study Lhe dependence of
wur conclusions on the validity of the parton model, and conclude tha they foilow malnly
from kinematics, daslily arguments & la Bloom and Gilman, and the erueial sssumption that
multiplicities in such reactions grow slowly with energy. The piclure we obtain generalizes
the concept of desp-inelastic process, and predicts the existence of “multiple cores™ in such
reactiens., We specdlaie on the possibilicy of stroag, nonelectromagnetic deep-inalastiic
processes, If such pracesses exist, our predictions of particle yields for bk —& could he
up to 4 orders of magnilude too low, and for vh =i and bk =y ap to 2 orders of magnitede
Lo Low,

Seminal Paper on Hadron Collider Physics- early days
of the parton model
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1971 Berman, Bjorken, and Kogut
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(b} e —¢ + hadrons, (o) pp — hadrons,
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Parton Distribution Functions
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Parton-parton Collisions

Two simple equations contain much of the physics for the production of
heavy states at a collider: the mass and longitudinal momentum of the
heavy state (e.g. a W, Z, tf pair, or W H) are determined by the fraction
of the beam momentum carried by the interacting partons. Note that
for a heavy object typically has a velocity 7 << 1, even though the
longitudinal momentum is typically not small (we're not in the c.m! of
the collision.). Note also that the transverse momentum of the system
is determined by the competition of falling parton distribution functions
(PDF’s- also known as structure functions) as the total invariant mass of
the system rises, and the increase in phase space as the momentum of the
system increases. The production thus peaks with a total system energy
above threshold by an amount characteristic of the slope in x| * x9.

7 , ,
m- = TI) * I35 Pz =T — x?)pbeam Ll)
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The Peyrou Plot: Pt vs Plong;

Rapidity, Pseudo-rapidity

The phase space for particle production at a hadron collider is traditionally described
1n cylindrical coordinates with the z axas along the beamn direction, the radial direction
called ‘“transverse’, as in ‘Transverse Momentum’ (pt), and the polar angle expressed
as Pseudo-rapidity n, where n = —In(tanf/2)). Pseudo-rapidity is a substitute for
the Lorentz-boost variable, y, where y = 1/2In(E + p.)/(E — p.) = tanh™Y(p./E).
Since In most cases one does not know the mass of a particle produced in a hadron
collision (most are light- pions, kaons, barvons,..), we use pseudo-rapidity. (This is a

commmon trap when doing complex kinematics with W's, Z’s, and top, where the mass

truly matters)

Note that typical particle production is 4-6 particles per unit-rapidity: in the
central region one unit at CDF is about 14 m?; the density in a min-bias event is very
low. Hadron colliders are not intrinsically ‘dirty’- only complex.
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Orders of Magnitude in Lum vs time
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Fermilab (40 miles west of Chicago)

| }._H:: Sears Tower
= | e m—- .:"fc-at, (downtown
| : e Superconducting FeyatronRifig=55 = :ﬁ“ = Chlcago)
”ﬁ‘ﬁﬁﬁ (980 3:]) =% Sz
' CDF is here

Q * T
o e h\. ‘Am radius

r g “n,
-Lh-—u._ g~

'~ _Antiproton source * &-H-—-—‘“*vhﬂu_._
" (creation and cooling)

Main Injé_ctor gle
(120 GeV)

.I:!*'-'a ' e s
e - 2
i i Tl | B oy
e L= = | e M
PETIETE et i ' .
14

XXXV Int. Mtg on Fund. Physics

6/8/2007



Tevatron Startups: 1987 & 2007

(Recent interest wrt LHC- may or may not be relevant to LHC startup)

Integrated Luminosity (TRIGMON) vs. Day IntEgratEd Lu minﬂSitY (lfpb)

Inverse nb

Integrated Luminosity (1/pb)

M
o
FJ_J

=z

1]
o 7 1"21 58 35 42 49 5'5 63 70 77 84 o1 98 Jul-2002 Jan-2003 Jul-2003 Jan-2004 Jul-2004 Jan-2005 Jul-2005 Jan-2006 Jul-2006 Jan-2007

® Fiscal Year 07 ® Fiscal Year 06 4 Fiscal Year 05 # Fiscal Year 04 = Fiscal Year 03
Day ( beginning Feb. 1, 1987 ) i
Fiscal Year 02

2007: In pi
1987: In nanobarns 007: In picobarns

LHC is a different beast, but the positive 2" derivative vs time is deeply fundamental
The accelerator guys continue learning and improving- lum grows faster and faster...
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Particle Identification

m Charged Leptons- particularly the e and p are
how we trigger on the W and Z- and hence the
top (t->Wb), SUSY (charginos, neutralinos), ..

m Neutral leptons- neutrinos- partially ID’s by MET

m Heavy flavor- charm, bottom, is identificable by
lifetime- CDF can trigger on displaced vertices

m Photons identified by no em cluster, no track
m Taus identified surprisingly well

m At low Pt can separate pi, K, p by TOF and
dE /dx

m All else lumped into “jets’ or hadrons

6/8/2007 XXXV Int. Mtg on Fund. Physics 18



Electron Identification Muon Identification

Credit: Sacha Kopp, undergrad

Schematic View of an Electron in the Schematic View of a Muon in the
CDF Central Calorimeter CDF Central Calorimeter
Muon
. Blowup of EM Chambers
Hadronic Calorimeter

Calorimeters

Muon Chambers

. Blowup of EM
Hadronic Calorimeter
Calorimeters

Calorimeters ; X
Strip Calorimeters
Chamber

Chamber g Chamber

electron
track

Solenoidal Solenoidal
Magnet Magnet
Central Tracking

Central Tracking
Chamber

Chamber

Beam Line (z axis)

Beam Line (z axis)

CDF Central Electron Variables: CDF Central Muon Variables:

s Muon Chamber-Track Match( &x,0 z)
+ Slope Match
+ Isolation

« Strip-Track Match (8x, & 2)

Had/EM « E/P
Lateral Sharing (LSHR) « Isolation/Border Tower Energy

Strip xz
Identification variables- widely-used jargon
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Jet Identification Neutrino Identification
Credit: Sacha Kopp, undergrad

Schematic View of a Jet in the Schematic View of a Neutrino in the
CDF Central Calorimeter CDF Central Calorimeter

Muon

Chambers
Blowup of EM

Muon :. Hadronic Calorimeter

Chambers Blowup of EM N Calorimeters A
Hadronic Calorimeter

Calorimeters 7

EM
Calorimeters Strip

EM X S ' Chamber

Calorimeters Strip >
Chamber

Chamb No neutrino
track seen

Central Tracking

Chamber Solenoidal

Magnet

Solenoidal Central Tracking
Magnet Chamber

Find J-ih m hob;nc/ﬁ
Fried ceore alg. » Oy ¢

Note- could be any weakly-
aRvo.? interacting neutral particle-

Saed b v ho bev, ghiotdoe mv !l

or, multiple V’s
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A real CDF Top Quark Event

T-Tbar -> W bW-bbar

W->charm sbar

X |

qulark->W+bquark

B-quark

T-quark->W+bquark

B-quark

Cal. Energy

From electro

}

W->electron+neutrino

21



Fake Rates

m In addition to the efficiency for identifying an
‘object’, need to know how often you get it wrong
(‘fake rate’)- depends on definition of the object.

= Examples-

® an isolated pizero in a jet (z=1) can fake a photon

® A low momentum (~5 GeV) K+ can decay K->pv, and
the kaon track segment and the muon track segment

can reconstruct to a straight line, giving a high-Pt |L.
B A jet can fake an electron
® A jet can fake a tau

® A tau can fake a photon... etc.
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'Understanding Objects’ and their limitations
Example- electro-magnetic (em) cluster

Identify an em
cluster as one of 3
objects: (CDF)

E/p < 2: Electron
E/p> 2: Jet

P <1: Photon

Where p is from track, E
is from cal

E/p measures
bre#ti®trahlung fraction > Recent Hypitutzoo event (only an example)



'Understanding Objects’ and their limitations

Example- Muons becomingElectrons

DATA Event : 22761 Run: 194147 | Prescaled: 4,10,15,24,42

CDF h a S a Cu 1. On Unprescaled: 4,10,15,19,23,24,34,?5,42,53,55
M ener fo r Muon Chamber Hits |':'

muons- not more \E, B _T—
than ~2 GeV - :
(minI L

E< ~ Gev: Muon List of Tracks
E> 12, E/p<2;

lectron e
E<12, or E/p>2 ﬂ
Jet

?‘é ;2‘4 'Ei

Muon Track Muon Chamber Hits

TR

is from track, E is
rom calorimeter

his is a " "Z->ey’ event: M, (2trks+cluster)=91.4



'Understanding Objects’ and their limitations
Example- Muons becomingElectrons

Look inside
‘Wedge’ at
calorimeter
towers- see a
25 GeV
colinear
brem off of
muon track

Event : 22761 Run: 194147 EventType: DATA | Unpresc: 4,10,15,19,23,24,34,35,42,53,55 Presc: 4,10,15,24,42

EM Towers
OWETrS CPRW:Max.Ph=0@Ch.1

WEST Wedge Module 21

ShowerMax
wiress

strips

Track Extrapolation

This is a " " Z->ep’ event: M, =91.4 GeV



1t’s not just partons 1nside hadrons-
we need hadrons inside partons!

Prow ftorist 2rd and 345 et

a.a03
'‘Raw Fake' .07
rate for a jet
faking a 0.004 Highest Pt
photon- jets 0,005 jet fakes
are ordered in | photon

much more

Et
104K often...

.43
ANl

.4

(q 1 . T T
d 1d A Jd 49 51 81 7d Aad =
Jet Et {Ge ¥}

Z=1 limit of jet fragmentation determines fake rates
for isolated photons- really different for gag b c .|
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evatron LHC comparisons

Thiee Lactures on hlak ing Preciion e smutements at Hadron Colliders

3 The Tevatron and the LHC

By now everybody should know about the Tevatron and LHC. 1 will Bileinision

. . L Trigeer Bias
spare you pictures and boilerplate; The main differences that everybody, 55

including theorists, should know are:

Tevatron LHC
Parton Source -ﬁntiprc-tc-n—Prn:-tc-n Proton-proton
Energv (TeV) 1.96 (not 2!) 14
Peak Lumincsity (cm™s™!) | 2 x 10% L x 107
Creossing Spacing (ns) 4306 24,95
Pealk Interactions/Crossing | 9 19
Luminous Line ¢ (cm) ' 30 D
Luminosity Lifetime (hours) 3.p/23 [7] 15
<1 > at My | 0.04 - 0006 €+
< r >at 2Mr 0.18 0025 <

An LHC upgrade to 1 x 10% is planned.

2.8 already

20000V Ink. Comf. em Pund. Physics
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Tevatron LHC comparisons

arevlon (aand i prolon cross ssclhios
L #
¥ T

A map of useful cross-sections vs
Root-s from Tevatron to LHC.
Note: 1. 16 orders-of-magnitude

2. Otq¢t rising only logarithmically:
3. Tevatron just entering decent
statistics for top (7-8000 fb);

4. Higgs cross-section is down by 12

orders-of-magnitude at the Tevatron.

Top

G*.E_" = g \/‘ /

iM, = *B0EeY)

Ll My

]
gt VM) = D0 GaY)

JOLEV Int. Conf. om Pund. Physics
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Tevatron strengths compared to LHC

® Obvious ones (pbar-p,..)

m Electron, photon, tau ID
has much less material-
ultimate My, H->taus,?

i 2
2,
S2
c
S 1
‘8’1
i1
°
.
3
£
=
Z

nEEEEREERERNE

m Tau-ID; photon/pizero
separation (shower max)

m Triggering at met~20GeV

m Triggering on b, c quarks
(SVT)- also (?)
hyperons,...
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Calibration Techniques

5. Momentum and Energy Scales: E/p

The Tevatron and the LHC are as different from LEP and other e™

and day- it is a big disadvantage to have worked at LEP(!). One key difference is that
the overall mass (energy) scale is not set by the beam energy- there is a continuum
of c.m. energies in the parton-parton collisions. Moreover the hard scattering is not
at rest either longitudinally neor transverse in the lab system- there is ‘intrinsic Kt' as
well as initial-state radiation (ISR). Finally, the beam spot is a line and not a spot- the
vertex point, used to calculate transverse energies, has to be determined from the event,
including for neutrinos and photons for which no track is observed.

Dealing first with the issue of setting the scale for momentum, energy, and mass measure-
ments. All current detectors consist of a. magnetic spectrometer followed by calorimeters.
The magnetic spectrometer uses a precisely measured (NMR) magnetic field and the

e” colliders as night

precise geometry of the tracking chambers to measure the curvature (1/Pr)of the tracks
of charged particles. This is an absolute measurement- if perfect one has the momentum
scale. One can then use particles with measured momentum as an in situ ‘test beam’
to calibrate the energy scale of the calorimeters.

6/8/2007 XXXV Int. Mtg on Fund. Physics




TrlggermgB(ilnmIi)(;WSl\é%ss Dimuon

Di-Muon Mass CDF Prellmlnary ~360pb™
Z

10° 4 J/—\pt———2——7l\/| rrrrrrrrrrrrrrrrr ffffffffffffffffffffffff Triggers:
; | | | | JPsi

Rare B

Y(1S): 18K
Y(2S): 3.6K
1 ~Y(3S):2.0K

Di-Muon Mass(GeV)
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Muon Efficiency vs 1 in CDF
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Calibrating the momentum scale

COF Data from Feb. 02-Sept 03
218 pb-! for e; 191 pb-! for p

= D T R— AW el -
CDFII preliminary L ~ 200 pb COF Il preliminary j L dt =200 pb”*

*Data s
Simulation 3
_ Ap/p = (-1.536 + 0.088) X 10

events /10 MeV
[ ]
=
2
L]
[ _.|:|

Aplp = (-1.376 + 0.064__) x 10”
i

#

avents / 15 MeV

I y'idof = 17 [ 22 ¥*tdof=26/18
*

+

WU LLLL mass fit |
) e et e, BC Y—1 mass fit

First, Calibrate the spectrometer momentum
scale on the J/Psi and Upsilon-

Material traversed by muons really matters in
calibration (e.g. for 'Wmass measurement )
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Calibration of E and P

Three Lectures cm haking Precision Mensirements ot Hodrem Caolliders

Calibration Techniques

5.0 Momentum and Energy Scales: E/p

The Tevatron and the LHC are as different from LEP and other ete™ colliders as night
and day- it is a big disadvantage to have worked at LEF(!). One key difference is that
the overall mass (energy) scale is not set by the beam energy- there is a continuum
of c.om. energies in the parton-parton collisions. Moreover the hard scattering is not
at rest either longitudinally nor transverse in the lab system- there is ‘intrinsic Kt' as
well as initial-state radiation (ISR). Finally, the beam spot is a line and not a spot- the
vertex point, used to caleulate transverse energies, has to be determined from the event,
including for neutrinos and photons for which no track is observed.

Dealing first with the issue of setting the scale for momentum, enerpy, and mass measure-
ments. All current detectors consist of a magnetic spectrometer followed by calorimeters.
The mapgnetic spectrometer uses a precisely measured (NME) magnetic field and the
precise geometry of the tracking chambers to measure the curvature (1 /Pr)of the tracks
of charzed particles. This is an absolute measurement- if perfect one has the momentum
scale. One can then use particles with measured momentum as an in situe ‘test beam’
to calibrate the energy scale of the calorimeters.

HEEW Int. Conf. on Fund, Physies
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A : J-| ) , 9 ’ :
Calipration of B ancl

Thres Lectures om BMaking Precision Mensirements sk Hadrom Colliders

The momentum seale can be checked by measuring the masses of some calibration
lines” thoughttully provided by Mother Nature- the J/Psi and T systems, and the Z
in its Z° — ptp decays (Z° — ete” doesn't work for momentum calibration!). Fig. 6
shows measured distributions from CDF. However the momentum scale can be incorrect

«10°  £DF Run Il Preliminary: L - 360 pb" -
1annfE- Poof
— : E ‘
¢y 16005 = [ - ,,
h:?-"_‘ 14005 iy M: 275K + 2K g f Apip=(-1.344 = D.0BB) x 10
3 : S F .
@ : SB: 2735K/360K oo ‘ : |
E. EDGE_ a1 12,0 + 0.0 MeVic” | L rhidef =22/17
o~ 1000E f
-~ BODE 1
‘E ﬁm; L] : 1 +-1-r "
m dmf_ i ook L .|.*‘ ; + “r-
Lﬁ Em:— i il i -
{}: A li 1 B
29 205 3 205 31 515 32 L;ﬂ.mf. 35 S ——t
Massin'pn) [GeVic'] f,, (Gev)

Figure 8: Left: The reconstrocted S invariant mass in dimucns (CDF). Right: The similar plot for the Upsilon system.

due to mis-alignments in the tracking chamber. The combination of a calorimeter and a
magnetic spectrometer allows one to remaove the lst-order errors in both [?] by measuring
‘E’ (calorimeter energy) over ‘p’ (spectrometer moementum. With perfect resclution,
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Calibration of E and P
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no energy loss, and no radiation these two should be equal: E'/p = 1.0, Figure 7 shows
the measured spectrum in E/p for electrons.

The 1st-order error in momentum is due to a ‘false-curvature’- that is that a straight line
(zero-curvature= oo momentum) is reconstructed with a finite momentum. The 1st-
order error in calorimeter energy is an offset in the energv scale, and does not depend on
the sign (£) of the particle [?]. Expanding both the enrvature and calorimeter energies
to first order:

1/p = 1/pirue + 1/ Psatse (") 1/p=1/ptrue — 1/ Dfalse (gt

E = Epye* (1 +€) ':'f"+:' E = Etyue * (1 — ¢€) (e ) (3)
The first-order false curvature pjg e then is derived by measuring E/p for positive and
negative electrons with the same E

1/pfase = ((E/p(e”) — E/p(e—))/2E (4)
The first-order calibration scale error e then is removed by setting the calorimeter scale
for electrons so that E/p agrees with expectations. In CDF, this is done initially to
make the calorimeter response uniform in ¢ — 7.

L prase = (B/ple*) + E/p(e=))/2

XEXEV Int. Conf on Fund. Physis
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8, = (1.00332 1 0.00022)

ewenis [ G01

stdol=6712

R —
I

15

Ep {\W—sev|

Figure T:

Higher-order momentum and energy corrections

The momentum and energy calibrations at this point are good enough for evervthing at

present exposures except the W mass measurement. There are three hicher-order effects
that are taken care of at present:

L. "Twist” between the 2 end-plates of the tracking chamber;
2. Systematic scale change in the z-measurements in the chamber;
3. Non-linearity of the calorimeter due to e( E/2) 4+ ~(E/2) # e(F)

XXXV Int. Conf. on Fund. Physis

6/8/2007
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Figure 8 shows the use of the J /I mass to correct for the first two of these effects. What
is plotted is the correction to the momentum scale versus the cotan of the difference in
polar (from the beam axis) angle of the two muons. There is a linear correction to the
curvature of dc = 6 x 107 cot(#) that corrects for the twist between the endplates, and
a change in the scale of the z-coordinate by 2 parts in 104, zemme = 0.09998 4+ 0.0001.
This is precision tuning of a large but exceptionally precise instrument!

pacake va A cot O - asIT [ pecale ve s con e o T

000 — LR B0 Proh 0 BB
I 0TI T ¢ 1. Tk Se-08 I o] 0 DK 2K - 1, PR O
BRI G - T O I pl L2000 & LT e 00

}
ESBIMG-L5 = 1 BRFEE1S l; =] I iR - 1 e O

+ !

a0l .

1.5 - 4.5 Q o5 1 1.5

Figure & Left: The comrection to the momentum seale wersus the coton of the difference in polar angle of the two muons in J/pei decay before comrections: Right:
The same after eocrecting the eurmture by &2 = & = 10~ 7ot (@) the seale of the z-coordinate by 2 parts in 104,

XEXEY Int. Conf. on Fund. Physics Wlege 28, 2007
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Figure & Measuring a higher-order cocrection to track eurvature: the ealorimeter to momentum ratio £ /o wersus oot for e and &7, before and after the cursature
and zscale corrections.
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5.3 Calibrating the Hadron Calorimeters and the Jet Energy Scale

Much of the top mass information is encoded in its jets: the b-jets are first-generation
daughters of a 2-body decay, one W decays into 2 jets, and the missing-Et of the neutrino
is measured in the calorimeter.

There are a number of ways to calibrate the calorimeter response to jets:

1. In situ calibration by isolated hadrons ("E/p’)

2. Test beam (for higher momenta- but, remember UAZ- long ago for CDEF
3. Dijet balancing (D0 uses this cleverly at large i for Et reach0
4
5

- ~-jet balancing
. Z-jet balancing

HEEY Int. Conf on Fund, Physis
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The total Uncertainties on the
jet energv scale
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Thres Lectures om Maoking Precision Mensirements of Hadrom Calliders

After much hard work, check ‘relative’ (Hat in #) calibrations with gamma-
jet  balancing: photon  on one side should  balance a jet on the other.
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Z.+jet Production- THE Standard Candle

CDF Run2 Preliminary, det =708 pb™"' —
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Z+jet Production- THE Standard Candle

Di-Electron Invariant Mass Spectrum CDF Run Il Preliminary

| CDF Run Il Preliminary  « Data N ]
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The Importance of SM Predictions!

m Next 2 slides show pratfalls due to not
knowing what was "old’ (SM in these 3
cases charm, W+jets, and Z+jets )
physics and hence what was new .

m However, getting it wrong didn’t stop
these guys: Lederman and Rubbia ...

An historical aside: Lederman (Dir, Fermilab), Richter
(Dir, SLAC), and Rubbia (Director, CERN)were on a
panel at Aspen on the Future of HEP. Richter spoke
first about how SLAC would explore the Z with SLC ;
Rubbia spoke 274 on how CERN would explore the Z
and beyond with LEP; and for Leon>................
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Two cases of non-understanding
of ‘What’s Beneath’

WARNING: the search for a ‘known’ signal imbedded in
not-thoroughly- understood backgrounds in data from a large
complex detector is difficult— one needs to be healthily sceptical.
CHATRMAN'S SUMMARY

L ¥ Lederman

Columbia University

Volume 1478, number §

e + 5 - = : Received 8 October 1984
I ﬁ]‘ w E} & ["—‘} 5 ﬁ] & 10 convert these limits to mass limits beciuse the

necessary models f“ currently discredited. B A clear signal is observed for the duction of an isolated large lepton in jation with two or
The lack of Py "bumps” means there are no significant three centrally produced jets. The two-jet events cluster around the W* mass, indicating a novel decay of the Intermediate
This is independent of nucleon target size. = i Vector Boson. The rate and features of these events are not consistent with expectations of known quark decays (charm,
- P’ heavy objects (M from 3 + 10 GeV) decaying into two bottom). They are, however, in agreement with the process W — tb followed by t — b, where t is the sixth quark (top) of
This is independent of CM viewing angle. . o —_— the weak Cabibbo current. If this is indeed 1o, the bounds on the mass of the top quark are 30 GeV/e? < my < 50 GeV/el.
This is independent of & from /& = 7 to 5 = 53 ey ™ W ¥ : -
#u‘mu [ P!ck £ 4{' . Tuble 18
e F

(See Fig. 1).

2.  This is independent of Py from 1.5 to 5 GeV/e.

oo 8| < 0.8 kes 8] < 0.8
60 GeY < m{4-body) < 100 GV

PIONS Data | by Data by

(relative) i o Muoa: pr > 12 Ge¥ . 04 3 018
Electron: Er > 15 Ge¥ ;. os 7 028

(A BHL point is taken from & comment by R Adair). The

implications are that leptons and pions have a
common origin. Statement 5 implies the source mass - =i
must be less than 3-4 GeV (no threshold effects) for ' .

P+ + X+ anything . : . I ; ”EI\}rik

laptons

or less than 1.5-2 GeV for pion production e.g.
Charmed particles. Statement (1) in dits lack of d ‘ .. ﬂ |:ﬂ ‘/"“‘

o 2 8 G

charge asymsetry is discouraging for charmed meson

 EVENTS
vaik up
P RO

sources snalogous to K-mesons. The agreement of the . X H

ISR with HAL rules cut low masses (M > few hundred

MeV) because narrow angle leptons are vetoed in the e 8 :i':hu-i 0:-!“ i ' /ﬂ%‘
! ] ij 30 ri £ &0 ?

1SR measurements, S Fig. 10. Fous-body wersus three-body mam distribution for the T e s a s e . TR r e s e s
six W — 16 candidate evenin. The effective mum of the kepica, L [,
The ISR uons and HAL electrons set limits on the = " [ I{” L L
Fig. | lepton/pion ratio vs V& compared to pion The p pedrior L
roduction of single leptons e.g. from ¥ up to the : ) thres-body gt + 17 b i A metio ok ke
P ma P B up production (Py~3 GeV). Errors are estimated freely. of ~40 Vel The "::rz.m,':.:mx -t'l"rl'tﬁ!'ld"i‘“ [ b f
kinematic limie. However, it is out of fashion ro thoms, taking Iio secoust the experimental resobwtion. Allow 08
. " ance thould be made for  systematic errer arising from uncer-
. ¢ Amdnties b the Jet reconstrection (s 10 GeVic),

Leon Lederman and 1971 J/Psi Carlo and the 1984 Top
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Classic example of the importance of

thorough SM predictions of what you expect
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The End of 15t Lecture

7 CSUBYY&id not know it.."- C. Prescott®
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Fons |

You’€60ld be up to your belly-bii
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Z+jet Production- THE Standard

afalil=
-

CDF Run Il Preliminary

CDF Run Il Preliminary

e Z—ee + jets
C 3 e 86 <M, < 116 GeVic?
i - +— Data L=11fb 102 !Qi-g;ﬁ ES > 25 GeV, ] < 1
o — + - el <1 Il 12<mg| <28
=1 03 — Z—ee +jets e, pet > 30 GeVic, [y < 2.1
Q = 2y 10 =, AR(e jet) > 0.7
Q C [ QCD + W+ijets —— Data L=1.1f6" ==

-

[ ] Systematic uncertainties ™

B ww, Wz, 2Z

—= NLO MCFM CTEQ6.1M ¥s

g

51 0 = [ tE Corrected to hadron level °°,$

= r Z—11 + jets - . 1= M2 + p2(2), Rypy=1.3 o,

m | J g J 10 IIIIIII p= 2”0 #
- ks T, [ N n=py/2

III|III|III III|III|I III|T| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| T T TTTIT]

10 L 1072 -- PDF uncertainties
r > 1.4
B 8 1.2
£
1 — t 1
E 1]
C © 0.8
L o
107 . —
- Og - ; — Parton-to-hadron level corrections
- 1.2F Systematic uncertainties
107 M Hﬂ M \
El | | L1 | | L 1E :
40 1o 120 140 L .
30 100 200 .
M, [GeV/c'] Pt [GeVic]

Really remarkable agreement with CTEQ PDF's - note

# of decades, systematic uncertainty bands



Z+jet Production- THE Standard Candle

SC) and PDF’s
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A real CDF Top Quark Event

T-Tbar -> W bW-bbar

W->charm sbar

X |

qulark->W+bquark

B-quark

T-quark->W+bquark

B-quark

Cal. Energy

From electro

}

W->electron+neutrino

Can we follow the color flow through kaons, charm, bottom? TO¥F!
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