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Cross Section: Experimentally

Number of observed Background:
events: counted Measured from data /
calculated from theory

Nobs'NBG

O =
{ det . €
[Cross section O
Efficiency:
optimized by
Luminosity: experimentalist

Includes acceptance due to kinematics, geometry, cuts etc.

Determined by accelerator,
trigger prescale, ...



Filip
Tekst maszynowy
Includes acceptance due to kinematics, geometry, cuts etc.


Acceptance / Efficiency

* Actually rather complex:
= Many ingredients enter here
= You need to know:

e — Number of Events used in Analysis
total =

Number of Events Produced
* Ingredients:

= Trigger efficiency
= |dentification efficiency
= Kinematic acceptance
= Cut efficiencies
* Using three example measurements for illustration:
= Z boson, top quak and jet cross sections
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Z Boson Cross Section

T
antiproton  * g

* Trigger requires one electron with
E>20 GeV

= Criteria at L1, L2 and L3/EventFilter

* You select two electrons in the $- Oppost)sign
analysis 3
= With certain quality criteria e |
= With an isolation requirement j M
= With E;>25 GeV and |eta|<2.5 PN R S P
= With oppositely charged tracks with

p->10 GeV

* You require the di-electron mass to

be near the Z:
- 66<M(Il)<116 GeV

=> €total = 8triggrecengkinetrack .



Uncertainty on Cross Section

* You will want to minimize the uncertainty:

: o — _— . N.D
00 ON?. + ON%, 0L 0€
_— =, . = | e —+ | —
AT AT 9 :
a \ (i\'obs == x\'B(_;')“ L €
stat. sys. sys. sys.

* Thus you need.:
" Ngps-Ngg large (l.e. Ny large)
« Optimize selection for large acceptance and small background

= Uncertainties on efficiency and background small
« Hard work you have to do

= Uncertainty on luminosity small
« Usually not directly in your power
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Optymalizacja selekc]
Aby uzyskac¢ mozliwie najdoktadniejszy pomiar przekroju czynnego
musimy optymalizowac kryteria selekcji (ciecia).
W pierwszym przyblizeniu (dominujg btedy statystyczne)
optymalizujemy

k=S /sqgrt(S+B) znaczonosc sygnatu nie S/B !

Najczestsze podejscie: optymalizacja "krok po kroku" (ciecie po cieciu)
naogot wymaga kilku iteracji

Istniejg tez metody uwzgledniajgce jednoczescie catg wiedze o
przypadku (np. sieci neuralne, "boosted decision tree", etc.)

Optymalizacja praktycznie zawsze oparta jest na symulacjach MC!



Top Quark Cross Section

SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
lepton+ijets  (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets

* Trigger on electron/muon
\ = Like for Z’s

© ° Analysis cuts:

= Electron/muon p>25 GeV

= Missing E;>25 GeV

= 3 or4 jets with E;>20-40 GeV

‘ ‘ b-jets ‘

lepton(s)
‘ missing ET ‘ more jets ‘
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Finding the Top Quark

) 600 * Pseudo data
Y= CMS Preliminary @ 10pb™ [ t (signal)
o 17 E It (othen
> Q I w+dets
5 £ R
o j c 100§
= 400 L] Oth.el‘ T 1
S " Wijets
S " Multijet
< | 10
200 $
10

1 2 3 4 >5
Jet Multiplicity

1 >2
Number of tagged jets
* Tevatron
= Top is overwhelmed by backgrounds:
= Top fraction is only 10% (=3 jets) or 40% (=4 jets)
= Use b-jets to purify sample => purity 50% (=3 jets) or 80% (=4 jets)
° LHC
= Purity ~70% w/o b-tagging (90% w b-tagging) 14



Process: y+~v —-h — b+ b

Yy+~v—b+b
Y+7Y—ctcC

Resolved photon(s) interactions v +v — X + Q + Q

Overlaying events
(high intensity of photon-beams in the low-energy part of the spectrum)



Photon-photon spectrum: CompAZ

Signal: HDECAY, PYTHIA
Background: program by G. Jikia
Fragmentation: Lund in PYTHIA

Detector performance: SIMDET (parametric simulation)

Jets: Durham algorithm with ., = 0.02

1) Assumed bb-tagging and mistagging
2) Using ZVTOP-B-Hadron-Tagger

Njets — 27 3
|PZ|/EUiS < 0.1

Number of events

e e beamswith Vs =210 GeV

m, =120 GeV l

L,(W,,>80GeV)= 84 fiy™*

[ Higgssignal

NLO Background:
bb(g) J,70
bb(g) J,=2
cc(g) J,~0
cc(g) J,=2

For comparison:

L O Background




Cuts optimized by minimizing: All angular cuts

Ao(yy = h —bb) /s T iB

o(yy — h — bE) S

Y

For example:

_ -1
[ Higgssignal Total L, =410fb
M, = 120 GeV -
Background:

B bb(9) AGIG = 7.2%

5]
3

Detector mask
Particles on Pythia level: cos 0,45 =~ 0.99

Number of events per 0.025 bin

OE suppression
Tracks & clusters: cos@1¢ = 0.85

vy — QQ(g) suppression

Maximal value of | cos 6| Jets: | cos et [™** = 0.725

over all jets in the event



Final results

Ao/o =2.1% I Higgssignal
M, = 120 GeV

Background:

B Dbb(g)
()
Bl uuddss

I
1 resolved

_ -1
Total L,, =410 fb

Number of eventsper 2.5 GeV bin




Optymalizacja selekc]

Zaniedbujgc btedy systematyczne istnieje przepis na optymalng metode
selekcji (minimalizujgcg btad statystyczny). Mozna go stosowac przy
niewielkiej liczbie parametréw opisujgcych przypadek:

- dzielimy zakresy zmiennosci wszystkich parametrow i na N; bindw

- dla kazdego zestawu parametrow j (j=1, ... , [1N;) wyznaczamy
stosunek sygnatu do tta w tym (wielowymiarowym) przedziale r; = S;/ B;

- dla zatozonego ciecia I, sumujemy sygnati tto ze wszystkich
przedziatbw o r; > Iyin © S"'=Z > 1, S; B =2, . B

- wyznaczmy zaleznosc
K(Fmin) = S"/ sqrt(S'+B")

- znajdujemy maksimum K(rmin) W funkcji rmin



vy — h — bb Ny — bg(g)

J. = 0 suppressed for bb
= hard g-jet with low b-tag



vy — cc(g) vy — qq (¢g=u,d, s)

Significant fraction mistagged
= double b-tag



higgs-tagging: a cut on the ratio
of vv — h — bb
to vy — bb(g), cé(g) events
Ehiggs — 70 %
Ebp — 66%, Ece = 4%

Earlier we used b-tagging:
a cut on the ratio
of vy — bb(g)
to vy — cc(g) events
Ehiggs = 85 %
Epp = 82%, Ecce = 2%

stars — optimized selection
+white stars — analysis without OE



Ratio bb/cc (2-jet events)




Uncertainty on Cross Section

* You will want to minimize the uncertainty:

: o — _— . N.D
00 ON?. + ON%, 0L 0€
_— =, . = | e —+ | —
AT AT 9 :
a \ (i\'obs == x\'B(_;')“ L €
stat. sys. sys. sys.

* Thus you need.:
" Ngps-Ngg large (l.e. Ny large)
« Optimize selection for large acceptance and small background

= Uncertainties on efficiency and background small
« Hard work you have to do

= Uncertainty on luminosity small
« Usually not directly in your power
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Systematic uncertainties

* This will likely be >90% of the work

* Systematic errors cover our lack of knowledge

= need to be determined on every aspect of measurement
by varying assumptions within sensible reasoning

= Thus there is no “correct way”:

« But there are good ways and bad ways
* You will need to develop a feeling and discuss with colleagues /
conveners / theorists

* There is a lot of room for creativity here!

* What's better? Overestimate or underestimate
= Find New Physics:

* it's fine to be generous with the systematics

* You want to be really sure you found new physics and not that
“Pythia doesn’t work”™

= Precision measurement

* Need to make best effort to neither overestimate nor
underestimate!
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QCD Modeling of Process

* Kinematics affected by
pr of Z boson

= Determined by soft and
hard QCD radiation

e tune MC to describe data

* Limitations of Leading
Order Monte Carlo

= Compare to NNLO
calculation

TABLE XII: Central acceptance values for our candidate
CDF samples based on do /dy distributions obtained from both
NNLO and pyTHIA simulation.

Acceptance NNLO Cale. pyTHIA Difference (%)
Aw— 0.1970 0.1967 +0.15
Aw 0.2397 0.2395 +0.08
A 0.1392  0.1387 +0.36
AZ— ce 0.3182 0.3185 -0.09
Ags fAwr o 0.7066 0.7054 +0.17
AZ e [AW— or 1.3272 1.3299 -0.20

3

q

do/dp; (pb / GeV/c)

Me' !
iy e Ziy, e’

9
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T
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0 LI I L LA L L L L L L L L L L B L LB L
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MC Modeling of top

* Use different MC L 100F iy —
generators 3 | Jf O tt: Pythia
: 0 (m¢= 175 GeV/c?)

= Pythia = i [ Background ]

= Herwig o 5001 L4 KS Probability: <0.01 _

Q0 ]

= Alpgen = [ |

= MC @ NLO = t CDF Il Preliminary 1

. i [Ldt=19" A

L % 50 700
* Different tunes p+(tt) (GeVic)
m Ur.1(.jerl.y|ng event § ] S S R S S
= [nitial/final state QCD 2 I + O ti: HERWIG
radiation 5 (m¢= 170 GeV/c?)
- 5 | [ Background ]
50 KS Probability: 0.18
* Make many plots g _
= Check if data are modelled T ]
well : TLdt=19fb" -
0

0 50 100
pr(tt) (GeVic)



1.03 =

Examples for Systematic Errors

CDF Run Il Preliminary

llllllllll 111 lIIIlIIIlIlII
trrnnEsfrnnrnnangunnn mmmy
LRI TTIT S B m
Vo myg

|
11T e oo bbb, ]
02K | =g _;“::T |" J:*Zr"lrf— ]
1 02_ —\ ‘ | | _[__:_ | | —l-|-_|_ | _|_ | | :T: I
s 1 ) [ a— | ....... _. |._ ......... L'_'ii""l' .................
- | |
1=
0.99 ] [ Y T S W | | | |
-1 0.5 0 0.5 1

Track n

10 15 20 25 3
P, (GeV/c)

CDF Run Il Preliminary
fL dt=72.0 pb™

o Z - ee DATA

0 35 40

* Mostly driven by comparison of data and MC
= Systematic uncertainty determined by (dis)agreement and statistical

uncertainties on data
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Systematic Uncertainties: Z and top

. top cross section
Z. cross section (not all systematics)

Systematic Inclusive (Tight) |L)uuhl(~ (Loose)
source variation AA; | AA;/A, ||Lepton ID 1.8
5 . = ISR 0.5 0.2
© orinla 07 et s 5 BY
E%. .\(ah. | 1% variation ().().5% ().-%/ FSR 0.6 0.6
EY. resolution | 2% extra smearing | 0.02% 0.2% PDFs 0.9
P scale 1% variation 0.01% 0.1% Pythia vs. Herwig 2.2 | L1
B 1 '|\" 4 5 9
pr modelling 0.01% 0.1% ]J“E.:m“” 0 6.1 bt 41
Material 5.9 % X 0.54% 4.7% b-Tagging 5.8 12.1
PDF's reweighting of v | 0.34% 2.9% ¢-Tagging 1.1 2.1
: = %0 [-Tagging 0.3 0.7
. ( E E( oo'to
overall 0.647 5.5 Non W 1.7 173
W +HE Fractions 3.3 2.0
Mistag Matrix 1.0 0.3
[ Total | 11.5 | 14.8

* Relative importance and evaluation methods of systematic
uncertainties are very, very analysis dependent
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Final Result: Z cross section

°* Now we have everything to calculate the final

Cross SeCthn TABLE XXXVII: Summary of the input parameters to
the v* /Z — £¢ cross section calculations for the electron
and muon candidate samples.

Y /Z —ee F*[Z — ppu

Ngb= 4242 1785
N2k 62 £ 18 13 £ 13
Az D.3182 t2.00%9. pi19pp +0.008%
€z 0.713 + 0.012 0.713 + 0.015

[Ldt (pb™) T2.0+43 720+43

3.9(stat.)

24 (syst.)
15.3(lum.) pb

Measurement gets quickly systematically limited 46



Comparison to Theory

(Martin, Roberts, Stirling, Thorne)

* Experimental uncertainty: ~2%

° Luminosity uncertainty: ~6%
° Theo retlcal unce rtalnty ~2% NNLO Theory (Martin, Roberts, Stirling, Thorne)
36 ; CDF (u)
sa bW Tevatron Z(x10)3 -G 248+ 9
azf T ! (Run2) T
30 F l ! = CDF (e)
P : @
2 z:_ , } e [ T : 255+ 6
o 24 — CDF Do(e) DO(u) -}'—I_ - CDF (e + 1)
o 22F CDF DO(e) DO() 3 ul 254+ 5
20 3
18 F ro =
©F DO prel. (e)
16 it 264+ 10
24 :
23 _W LHC Z(X1 O)— DO prel. (u)
22 | 3 s 291+ 7
21 | -
: NLO E
@ 20 — NNLO — DO prel. (1)
= e : —_ 237+ 23
oo 18F E
o 17 3 Lo 3 CDF prel. (1)
16 £ 3 ® 242+ 54
15 F 3
14 £
| | |

partons: MRST2002
NNLO evolution: Moch, Vermaseren, Vogt 200 250 300 350 400

NNLO W.Z corrections: van Neerven et al. with Harlander, Kilgore corrections

Z Cross Section (pb)

°Can use these processes to normalize luminosity absolutely
=However, theory uncertainty larger at LHC and theorists don’t agree (yet)47



Diffterential Cross Section

eV)

D3 Run Il preliminary

@ 10°

a 10*

b/

® |y| <0.4(x10)
o 04<|y|<0.8

y (

S 10°

10 \s = 1.96 TeV

d’s/dp;
2
mTII_FrﬂTIH[_ITrmTI]_FFan]_I‘IWTﬂ[_I‘mTMI_FHTHW ||n|m| IHIIIH| mnm]—rrmr

1 L=378pb’
10

_E — NLoQcD
i CTEQ6.1M
10° MR = Mg =Py
10_4 1 1 1 1 1 I 1 1 1 1 1

0 100 200 400
pr (GeV)

* Measure jet spectra differentially in E; and

Nobs(1)-Npc (1)

* Cross sectioninbini: ., _
o) = —TTdteG) ;




Differential Cross Section: Unfolding

*  “Unfolding” critical for jet cross
sections

°* Measure:
= Cross section for calorimeter jets

* Want:

= Cross section for hadron-jets

“particle jet”

* Unfolding factor (bin by bin):
VHAD i <<

Gl = JET 1 e »

7 2 '('.1[, 1) Jig ik

LR 7 Tgf B

‘parton jet”

* Then:

N\TDATA UNFOLDED __ TDATA NOT UNFOLDED
\ C;- N
Rl § O B =Ny LY TR §

°  But, unfolding factors depend on MC
E. spectrum - depend on the measured cross section !!!
4



Differential Cross Section: Unfolding

@ﬂ

N N
\\ NG
°*  Problem:

= Steeply falling spectrum causes migrations to go from low
to high p+
« Measured spectrum “flatter” than true spectrum

= Size of migration depends on input spectrum

°* Requires iterative procedure (bin-by-bin unfolding):
1. Measure using spectrum from MC
2. Fit measurement

3. Reweight MC to reflect data measurement => go back to 1.
5



Example for Bin-by-Bin Unfolding

| Data/ Unweighted Herwig (D=0.7) |

[Wsightad Herwig / Waightad Pythia (D=0.7)} [Data/ Weighted Herwig (D=0}

125,
= q 14
3 - ¢ 1.2F » 14c
= - L
S ’ g 2 § 13
« 2.5_ § 1.15:— = ] 2
E | Q - ~ C
« - E I £ 12F
B o (m] -
2 1.05F ey - R
C 1E e —i— =
L o 1
1.5 - C
& 095 C
F O.SLE
C 0.9F .
- : 0.8F 1
r 0.85F :
: 0.7F
ols-lllllllllllllllllllllllllllllllllllll 0.8:_. :
0 100 200 300 400 500 600 700 0.7s:lllllllllllllllllllllllllllllllllllll 0-6-‘“’llll'lllll[lllllll‘ll‘ll‘ll“ll“
P;n [GeV/c] 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
P [GeVic] P [GeVicl

* Correction to unfolding factors <10%
= One iteration sufficient in this example
= Starting spectrum was already quite close to data



Systematic Uncertainties:

Jet Cross Section

|8% uncertainty on resolution (D=0.5) I

|Jet Energy Scale Uncertainty (D=O.5)I

~ 25¢
e, E - 100_
o 20 &2 '
® 5 o 80
£ 15F © -
9 = £ 60F
7] - ) L e — |
& 19F 2 sof -
. —F— @ OF
i M ZOEM
0: 0:
3 *H'I""".-;-l SR -205---'%
'10.:'— -405. —_—
-15F 60f
-205_ -30:_
-25:lllllllllllllllllllllllllllllllllllll -100:||llllllllllllllllllllllIllllllllllll
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Py [GeV/el P [GeV/cl

* For Jet Cross Section the Jet Energy Scale (JES) uncertainty is dominant
systematic error

= 3% uncertainty on JES results in up to 60% uncertainty on cross section
= 8% uncertainty on JE resolution causes <10% uncertainty on cross section



Jet Cross Section Result

— 10° | = 3
(3] JET - L
3 = 1L Ky D=0.7 0.1<ly "' 1<0.7 S C
) oL —=— Data O 25F
S 1 ™ . L -
=~ - M Systematic errors = »
E‘ - ""_ NLO: JETRAD CTEQ6.1M % 2L
F 410? [ corrected to hadron level = C
Y- - et JET ) - NP BN B
o _ —— Hp=Hp=maxpy /2=y, % 15EF 100 200 300
e = ey oc B
5 0'f - :
> i | 1
O e —— T e T e
o 6 1 [ f = Data
© 10° = - = = . =
o § L =385 pb _. 0.5 Systematic errors ~ — - = H=2XU,
- | e s— [ —— PDF uncertainties = = = MRST2004
10'8 'l Nl FEEEE EE NN PR NN NN F RN 0-""I""l"'lllll'l'llllllllllllllll
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
JET
Py [GeVic] pYET [GeVic]

* Cross section falls by 8 orders of magnitude in measured
E; range
* Data in good agreement with QCD prediction
= Experimental and theoretical errors comparable 8



Deep Inelastic ep Scattering

Main process studied at H1 and ZEUS

N( : DIS [@" = 25030 GeV?, y — 0.56, M — 211 GeV] : DIS

ety S
e, (k) Q° = —(k— k> |virtuality| of the exchanged boson
7 = spatial resolution A ~ 1/Q
Q° = sensitivit
— y to mass scales A~ Q)
"2, W CToP (k- )
/
q, q P. (lf o /€/>
p remnant Y= P.k

@ 'A.F.Zarnecki Searches for Contact Interactions at HERA | é —p.5/17




Przypadek
NC DIS

Ekspertment H1

mierzymy energie
| kat rozproszenia
elektronu

= 1z, Q%

mozna tez mierzy¢
stan hadronowy...

det. sladowe

kal. elektromagnetyczny

~ kal. hadronowy

A.F.Zarnecki

Wyktad IV
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Rekonstrukcja przypadkow I

Pomiar w detektorze
W przypadkach NC DIS w detektorze mierzymy:

» elektron o energii £/ rozproszony pod katem 6

o stan hadronowy (na ogot nie jest to pojedynczy jet)
o catkowitej energii E}, i pedzie py, = (pz, py, pz)p

—_

— mozemy wyznaczy¢ efektywny kat rozproszenia ~ E,. D,

| energie Eq jetu = partonu
Chcemy wyznaczyé dwie zmienne, np. = i Q2 (trzecig zmienna mamy z relacji: Q2 = zys)
Mamy cztery wielkosci mierzone: E., 0, E, i v = mamy duzg swobode wyboru metody
Teoretycznie (nieskonczenie doktadny pomiar) wszystkie metody sg rownowazne.

Efekty doswiadczalne (btedy pomiarowe) powodujg jednak znaczne réznice w doktad-
no$ci wyznaczenia z, vy i Q2 réznymi metodami = wybor zalezy od eksperymentu...

A.F.Zarnecki Wyktad IV 33



Backup

0000000

Nominal Using MEPS

105? x Resolution E

x Resolution

L 16000 < 7 < 50000
025<x<10

Electron Method r *  Electron Method

r +JB Method 3000 r +JB Method

0 Q7 < 19600 Fea00'< @’ < 10000
|:| Double Angle Method

0064 <x <025
2200 < Q7 <6300
0016 <x <0064

15000 < G < 50000}
025<x<10

630007 < 18000 F6300< Q" < 18000
0064 <x<025 025
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a
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300<Q° <800 J300<Q7 <800  a00<Q° <
350 0S80 Be il RaSith

: 300 < O <800
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- Z T o T e
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~ 1 2 b
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Wyznaczanie funkcji struktury I
PrzekrQj czynny

Funkcje struktury F»(z, Q2) wyznaczamy bezposérednio z pomiaru
rozniczkowego przekroju czynnego na NC DIS:

d2 Aol 2
5 a07 = wor (1 v+ 5) P29 (51 7+6100)

Wyznaczane teoretycznie poprawki pochodzg od:

o &7 — tzw. podtuznej funkciji struktury F7,

( wktad gluonéw powoduje, ze F; = F» — 2z Fy # 0)
o 6y —wymiany bozonu Z°

(istotne tylko dla bardzo duzych Q2)

® 0,,4— Procesoéw radiacyjnych
(poprawki radiacyjne; emisja vy przez elektron przed lub po zderzeniu)

A.F.Zarnecki Wykiad IV
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Wyznaczanie funkcji struktury I

Rozniczkowy przekrdj czynny wyznaczamy mierzac liczbe przypadkow
zrekonstruowanych w przedziatach = i Q2:

Przekrdj czynny

Az A2 AQ? d2
ANEESFHQEZ) - d;2-Ax-AQ2-£mt-£-A

gdzie:
o L;,; — scatkowana swietlnos¢
o & — efektywnosc¢ selekcji przypadkdéw

o A —poprawka zwigzana z niedoktadnoscig pomiaru
(“przesypywanie” przypadkdéw pomiedzy przedziatami)

A.F.Zarnecki Wyktad IV
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5.1.3 Acceptances, purities, efficiencies

Samples of Monte Carlo events processed through the entire detector simula-
tion chain were used to calculate the acceptances, the purities and efficiencies
of the fragmentation variables. In the presented analysis the definitions were
used as follows:

e the acceptance for bin 7 is defined as

A No. of events reconstructed in bin ¢
i =

No. of events generated in bin 4
e the purity for bin ¢ is defined as

P No. of events generated and reconstructed in bin ¢
P =

No. of events reconstructed in bin ¢

e the efficiency for bin ¢ is defined as

No. of events generated and reconstructed in bin ¢
€ =

No. of events generated in bin ¢



Optymalizacja selekc]l

W przypadku rézniczkowych przekrojow czynnych istotny jest nie tylko
wybor ciec, ale tez dobor przedziatow w ktorych wyznaczamy do

Do wyznaczenia wartosci ds wchodzi tylko poprawka na akceptacje A,
Ale efektywnosc ;i czystos¢ P; majg znaczenie dla systematyki.

Dla rzetelnego pomiaru oczekujemy, zeby czystosc przypadkow w
kazdym binie

P: > ~50%
Inaczej uzyskiwany po poprawkach ksztatt bardziej odzwierciedla
wyniki symulacji Monte Carlo niz dane!
Rozmiary bindw nie mogg by¢ mniejsze niz doktadnos¢ pomiaru!
Zwiekszajgc rozmiary binow zwiekszamy €; i P;



d o /dQ? : Bias and Resolution

= Eal-qaﬁﬁ--u goﬁlﬁl'}z::i&o
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Systematics
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Efficiency and Purity for do/dQ?

g oW ° 13N o]
w o. - -
0. - -
10° 10* o Gev?
- — Generated & Accepted
- . m Efficiency = Generated
H 08— LI YYYY Dl ]
s o ., — Generated & Accepted
04 = m Purity = Accepted
T 3 Efficiency
W - m Acceptance = =g
E_ 0. : @ e o e hd :
o 0.6~ |
< 04 -
0. - -
10’ 1t Q* (GeV)
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Results

Correction factor for limited fragmentation

W 0-80

Q2

80—-120 120-160 160-200 200-240 240-280

s120-102408 [}

2560-5120 | [ ]

1280-2560

i
g

840—1280

320-640 EI N
L
e
160-320

?’T"T:z

Breit
n

n(true level)

corr. factor = n(detector level)

first rejections for correction
factor bigger than 1.5

horizontal red line — corr. factor
equal 1.5

vertical red line — the value of 7,
where the slope starts

23/31



Rozktad mierzonych przypad-
kéow NC DIS w zmiennych z, QZ.

Dane wspoétpracy ZEUS =

Liczba przypadkédw w binach
maleje szybko z Q2

= pomiar ograniczony do
Q2 <2-10% GeV?

Q°PA (GeV?)

Wyznaczanie funkcji struktury

ZEUS 93-97

e" 9497

A.F.Zarnecki

Wyktad IV

36



Backup
0000000

Statistical Error in Bins used for d?o/dxdQ?

<1%
<2%
<3%
<4%
<5%
<6%
<7% ‘
<8%

g 5

L <10% \
<15%

I—-20% |

Q° (GeVv?)

=
Q
~

10°

L Ll L Ll ‘ L Lt
103 10° 10" 1
Data X
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Systematics
00@0000

Efficiency and Purity in d?o/dxdQ?

_ _ Generated & Accepted .. _ Generated & Accepted
Efficiency = Generated Purity Accepted
8 I ST > 80% ‘
o f 5 >70% ‘
10°E 10'E
10°F 10°F
[ My P—————y L M P————y L
10° 10?2 10" 1 10° 102 10" 1
X X

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 17152



Cross Sections
[Jelelele)

Unfolding Cross Sections

Cross sections extracted using:

‘ _ (Npara—Nagg) do ‘theory
sz Q5 Nmc dQ?

m With Born-level unpolarised MC and theory values

m See backup for bin selection (based on HERA | binning)
m Finerin do/dQ?
m Higher/lower bins in do/dx, do/dy
m Keep same for reduced cross sections

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 22/52



Cross Sections
00000

do/dQ?

* NC 04/06

ep (718 pb?)
—— SM (ZEUS-JETS)
P, =+029

1081t wmui\OS L

Q* (GeVv?)

N; 102E * NCo4/0s
2 10° €’ (105 pb™)

—— SM (ZEUS-JETS)

(b)

B P=027 |
-6 L 1 Lol L L1l
10 10° 1 : eV
Q? (GeV
o 12— T
N L « Ncoos j
S 11} — SM@eusIETS) ©7 ]
a® | P.=+0.29/P =-0.27 ]
S
>
N
o 09
2
"
o
L 08 "
5 10

Syed Umer Noor (York University)

x? test for all ratio points:
+ve Pe / -ve Pe = 1 case
m 2 /ndf=83/34
+ve Pe / -ve P = SM case
m 2/ ndf=28/34

Asymmetry
S

[ * NCos/o6
'0'4: ep (177 pbY)
— SM (ZEUS-JETS)
-0.6f
P,=+0.29/P,=-0.27
.08 | \\\HH‘ | \\\HH‘ | |

10°

Q* (GeV?)

ZEUS Collab. 8 March 2007

23/52



Wyznaczanie funkcji struktury I

Liczba mierzonych przypadkow decyduje o btedzie statystycznym
wyznaczonych wartosci 5 (z, Q2):

Btedy statystyczne dominujg przy duzych @2, przy matych Q2 sa zaniedbywalne.

Btad systematyczny pomiaru wynika z niepewnosci:
o poprawek teoretycznych 6y, 67 16,44
e pomiaru Swietnosci £;,,;

e wyznaczenia poprawek £ i A
(niepewnosci zwigzane z symulacjg Monte Carlo
badanego procesu i dziatania detektora)

Btedy systematyczne dominuja przy matych Q2.
Na 0go6t sg na poziomie kilku % (obecne pomiary w HERA)

A.F.Zarnecki Wyktad IV
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Btedy systematyczne

Ocena btedow systematycznych jest czesto bardzo trudna.

Nie ma jednoznacznego, uniwersalnego przepisul.

Powszechnie stosowane podejscia:
- zmiana parametrow detektora w symulacji (skala enerqii, rezolucja)
- zmiana ciec¢ (w symulacji | w danych)
jesli MC jest poprawne wynik nie powinien sie zmienic
- zmiana parametrow/modelu symulacji (np. rozwoju kaskad czy
kaskady partonowej czy fragmentacji; tylko symulacja)
- poszukiwanie rozbieznosci miedzy danymi i symulacjg (ich wielkosc
mozna przyjac jako oszacowanie btedu systematycznego symulaciji)

Btedy systematyczne w danym binie dodajemy "w kwadratach".
Zwiekszajac liczbe przyczynkdw mozemy je dowolnie zwiekszyc,
trzeba zachowac¢ umiar !

Pomiedzy binami sg skorelowane (czasami silnie).



Control Plots
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Control Plots
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Control Plots
o

Control Plots
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Control Plots
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Control Plots
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CAL alignment with respect to CTD

Stat error only.

RHES left RHES right
8¢ |+1.6x0.1mrad | +0.9%0.1mrad
0z | +2.0£0.2mm | -0.9%+0.2mm
Ox | +1.94+0.1mm | -1.7%+0.1mm
Oy | +1.4=x0.1mm | -1.0Z0.1mm

RCAL is aligned within
2.0mm In x and y direction.

ata: 8 x

L |:]MC8 =013t

= 0.54 £ 0.70 (mm) 4 &
0.06 (mm)

T
FCAL
L]

| —wmc

data: 8y = 4.74 + 0.58 (mm)
:8y =-0.19 £ 0.06 (mm)

BCAL is aligned within 10mm
(Only z shift is checked.)

FCAL position correction : Shift the
e position with -4mm in y for
data.(Hadronic system is neglected.)

FCAL is aligned within 2.0mm.

For more detalls, see talk at F, review meeting on 09/Feb/2007.



BCAL electron energy

E. Is corrected by dead-material map and non-uniformity.

E./Epa Data/I\/IC 0 (E/Epp) J' O'Data O pc?

ot
e
o

&
2

>
s

2 1’2; Data: mean = 1.022 + 0,000 = 104-—DIzn‘MC i ~,0.15 T T g 01
EE‘_‘ | —— MC : mean = 1010+ 0.000 % T . s il o ] b :—Dnia.iMC mean = ooz.nomo ]
G 3 02} g., 5y | ] §0-05:-""""""§ """ . . """""""""" ¥
- 5 & 01-;i ----------- . i s P e
o ; 5 !; : 1 i
E", I LEN : { ] 0:_ """ , """"""""""""""""""""""""""""" E
= 0.98F 0.05------------E---‘-"-‘;-IE-E‘I-‘I-‘-E-I----------E------{----— [
) r : %533 i3 g ; % ] B -
0.96[
020 A 60 B0 ey) YT T W DT T w0 80
DA Ep,,(GeV) Ep,(GeV)
= " - 5 T T T
g 1.04r 30‘1 - : H [
£ I = [ : : F
= 1.02f £ i ; : F
= o pl | S E— — AR S . =
£ 1 ° i { =
z. [ et afaagpl g [
= 0.05_~§u°h0§qgg§§;£§§ § . -
100 50 0 50 100 -100 50 0 50 100

z(cm) z(cm) z(em) z(cm)
1.2 )
Z " — Data: mean= 1.020 + 0,000 = I ~_ 015 v 0.If
g [ — MC : mean = 1.009:+ 0,000 3 L.04f Data/MC: mean :51 ersli 1 d’é i NIE . —— Data/MC: mean = 0.036 £ 0.000
Qﬁl 1-1;' 7 5] 1.02;!.'. .................. i"‘["i"l'é .................. e g‘u [ 0,05 e 3
= i ] NE
L o . : z i '£ 0.1? .................... - F — e
1|E‘J, ..... e i anro o ooy T @n 1:....[ ...... R SRR f Yroro: ; OB oot — <] | i ] 0- ........................................ l .....................
i = 1 i B2 i R i gii P Tyig :
D SO SOOI ST SO N R e e S - 0ospiegsbos fEaEsngp333 -
L H p : 1 _0.05:.. ............................................................... -
0.96 i
0.8 [
2 0 2 -2 0 2 0 -0.1
-2 0 2 -2 0 2
¢(rad) O(rad) ¢(rad) ¢(rad)

Scale uncertainty is 2%. Smearing factor is 3.4%.
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Systematics in d20/dxdQ? for EM—SINISTRA
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Backup
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Largest Systematics in Dbl Diff bins - MEPS
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m Dominates low Q? region
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Systematics
000000080000

Largest Systematics in Dbl Diff bins - E — P,
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Largest Systematics in Dbl Diff bins - E. scale
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Systematics
0008000

Systematic Checks

m DCA > 10 cm; 8cm
m ECO® < 5GeV; +2GeV m e = 1mrad (MC)

note—

m 38 GeV < E — Pz <65GeV; m E;, scale = 3% (MC)

interval + 4 GeV m PHP MC normalization +
m Pr/VET <4VGeV; £1vGeV 100%
m PZ >3GeV; +1GeV m Checks not used in error
® Reca > 18 cm; + 3 cm Calc‘ﬂ;’igijE EPS

. . -

B Y. <0.95;09 m EM — Sinistra
m E. scale + 2% (MC) m CorAndCut — ZUFOs
m E. smeared + 1% (MC)

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 18/52



Systematics
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Systematics in d20 /dxdQ?
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Reduced Cross Sections

LH and RH separate Entire data set
ZEUS ZEUS

= e T o
E - 2
Fo 5,250 Gey
“FQ? = 450 Gev? F'Q? = 800 Gev? I Q? = 650 GeV?
vt t i t il 12F = '
1= [ B 1= + 1
o8t r E o8- I E
06 L 1 06F T 1
0.4 L E 04 T E
0252 — 1500 GevENT Q? = 1500 Gev? WF Q2 = 2000 Gev? ] ’ 1200 GeV>\J Q7 = 1500 GeV? W Q” = 2000 GeV?
iy t t = t t = t t + i T T . i T
1%3)2 =3000GeV? TQ? ='5000 GeV? T 28000 GeV?  J i 3000 GeV? 1Q*=5000GeV?>  {Q*=8000 GeV?
08 + E + B
0.6 T E + 1
0.4 + 1 T E
02 + 1] - + 1
Ereseet t B t A t H T f G e
212000 GeV? Q7= 20000 Gev? | Q= 30000 Gev? | $Q%=20000GeV? 1 Q*=30000 GeV!
JonNCdata 1. nCdata E e ZEUSNC T+ NCdata 1
ep (72pb™Y 1 ep(105pbY) E [ e'p(632pb™) F eparrpp? 1
SM (ZEUS-JETS) +- sM (zEUS-JETS) 4 — SM (ZEUS-JETS) SM (ZEUS-JETS) 1
Pe=+0.29 T Pe=-027 K: Pe=0 P, =0 (corrected) k;
L L =3 L L =3 L Il L L =3 L L =3 L Il
107 10° 102 10t 102 10t 0% 10* 10?  10? 10% 10
X
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Top Mass Measurement:

tt—(blv)(bqq)

Lepton

# Light quark jet

Light quark jet ‘
< “\

* 4 jets, 1 lepton and missing E;
= Which jet belongs to what?
= Combinatorics!

* B-tagging helps:
= 2 b-tags =>2 combinations e
= 1 b-tag => 6 combinations
= 0 b-tags =>12 combinations

* Two Strategies: w’
= Template method: q t e

_— g
 Uses "best” combination ()(}(}(}(ﬁ -
« Chi2 fit requires m(t)=m(t) /“—‘ W e
= Matrix Element method: G t Ny Ve

» Uses all combinations
« Assign probability depending on
kinematic consistency with top 21

Tl



Top Mass Determination

2-tag ] 1-tag(T)

* Inputs:

NZ 10003— [ Al Events Nz %ggg: [ Aul Events
= Jet 4-vectors > 800 RMS = 27 Gev/e®| 2> 12885 RMS = 32 GeV/c?
(U] F Il Corr. Comb (47 %) (O] 1200E Il corr. Comb (28%)
u Lepton 4-vector © 600- RMS = 13 GeV/e?| 121000 RMS = 13 GeV/c?
ini 2 w0 R
= Remaining transverse 8 oot § 400-
E 200:
ener : ok i
9Y, Pr.ue 0560 150 200 250 300 350 0500150 200 250 300 350
* Pry=(Pr P UET 2 Prjet) mi*=°(GeV/c") mree°(GeV/c?)
* Constraints: _ 1-tag(L) o00. 0-tag
< 7005 T 200-
—_— K3) E [J Al Events o 800F ] Al Events
- M(IV)_MW = ggg‘ RMS = 31 GeV/c? = 288— RMS = 37 GeV/c?
—_ o 3 Il corr. Comb (18%) o 3 Bl Corr. Comb (20%)
- M(QQ)_MW v 400 RMS = 13 GeV/c? L 288‘ RMS = 12 GeV/c?
- g 300 T o0
= M(t)=Md) S 200 = o5
*  Unknown: i 105 i} 100
) ] 0100 150 200 250 12300 350 100 150 200 250 12300 350
= Neutrino p, m;*°*(GeVlc’) m{*=*(GeVic’)

°* 1 unknown, 3 constraints:
= Qverconstrained

= Can measure M(t) for each . m—
event: m,reco Selecting correct combination

20-50% of the time




In-situ Measurement of JES

* Additionally, use W—jj mass resonance (M;) to

measure the jet energy scale (JES) uncertainty

2D fit of the invariant
mass of the non-b-jets

and the top mass:

JESo M(jj)- 80.4 GeV/c2

Measurement of JES scales directly with data statistics

23



Top Mass Templates

1-tag Lepton+Jets

0.1 4‘" CDF Run Il Preliminary 2 F
] 5 [ — 104 (00)
0.1 2_'—' tOp . _90.05_—
NE " [ ]145 GeVic < L 00ag )
> 0.1- | [ ]165GeV/c? 0.041-
L : L —+1.0A, (o,
0 0.08" []185 Gevre? ooz
T 205 GeV/c? .
9 0.02[-
0 -
I -
e 0.01—

%0 60 70 80 90 100 110

200 250 300 M, (Gevic’
mt'oe:" (GeVic?) 1-tag 2d Signal probability (M,__ = 170 GeV/c?)
o
©
| | >
* Fit to those templates for &
;7=

= Top mass
= Jet Energy Scale

miee® (GeV/c’)



Template Analysis Resultsonm,

* Using 344 lepton+jets and 144 dilepton candidate events in 1.9 fb"’
* Using in-situ JES calibration results in factor four improvement on JES

- I T I T T E T ] I ] T i T 1] ] T | I
; . ==Alog(L) = 0.5

T

= AlogiL) =2.0
== A logiL) =4.5

0.5

|CDF Run I Preliminary (19f0) | . | . |
166 168 170 172 174 176 178
M, (GeV/c’)

m,,, = 171.9 £ 1.7 (stat.+JES) + 1.0 = 171.6 + 2.0 GeV/c? |




‘“Matrix Element Method”

* Construct probability density function as function of m,, for
each event

* Multiply those probabilities of all events

signal signal signal background _ experiment
P_ P_ P P P
sig . sig B sig L~ bkg evt
P 5 ; i /-\
VAN IS AN N
top mtop mtop mtop mtop

P, (x;m,,,JES ):Acc(x)xéf d" @) dq; dq, f(q,) f(q,) W(x;;5JES)

Acceptance LO-Matrix element PDF’s Transfer Functions
(selection, X phase space (Probability to measure

trigger,...) x when y was produced)

> maximum Likelihood fit: .
L(.’Iil, -y s Mitop; JES ftop) — H Pevt (Tz, Mtop, JES; ftop)

gi=1



Check you get the right answer

D@ Run lIb Preliminary, L=1.2 fb DG Run lIb Prellmlnary, L=1.2 fb1
o 15 '."' - B H i Pt
-~ r/p0 1.70 £ 0.13 i @ 006l PO 20.016 £ 0.00 |
= L pl 1.00+ 0.02 ’ o [Pl 0.952 + 0.032
12; 10 —_— E -
g L E 0-04 [ ——— R AR — '..'.;.'.: ...................
i [ -
5 .
: 0.02 [ ——— "" i
0{ 0_ "'»""//
-5: ' le tOﬂ-}-'ets _0_02 i % ""’ / N s
L P I i / Iepto n+|ets;
" * JES*™'-1.00 i rany. Y
A0 ‘ , ' -0.04 / M, =170 GeV
4 l ) { -0.06 i = A (/ .......................
-1515 — kio)Li_k-Sﬂ—Al 1_6 o L571 l 16L 1‘5 _'l L1 L1 1 L1 1 L1 1 L1 L1
True Mmpq 70 -0.06 -0.04 -0.02 0 0.02 0.04 O. 06

True JES-1

* Run “Pseudo-Experiments” on Monte Carlo to see if you get out the mass
that was put in
= Pretend MC is data and run analysis on it N times
* Non-trivial cross check given the complexity of the method
= If not: derive “calibration curve” from slope and offset
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Matrix Element Top Mass Results

D@ Run lIb Preliminary, L=1.2 fb™

n 1.1
i _ lepton+jets, calibrated
1.08_—
1.06_—
1.04_—
1.02__ A |nL=0.5
. A InL=2.0
1_
L A InL=4.5
098_IIIII|III|III|III|III|III|III
99166 168 170 172 174 176 178 180
M,., (GeV)

DG: 2.2 fb-'

CDF Run 2 Preliminary 1.9/b
Number of events

4
60

5o§
';1
3

40§ 1 ?
E } l
30—5

i ;B

120 140 180 220

160
Top mass value at peak of likelihood curve (GeV/c/2)

200 240 260

Signal (172) + background MC = Data events

P Background MC

CDF: 2.9 fb-

| m,, = 172.2 £ 1.0 (stat) + 1.4 (syst) GeV

[ m,, = 172.2 £ 1.0 (stat) + 1.3 (syst) GeV |

+1.0%

+1.0%



Results

Combining M

top
° Exce”ent results in each Mass of the Top Quark (*Preliminary)
channel CDF-! di ¢ 167.4+10.3+ 4.9
* Dilepton DO-I i ¢ 168.4+12.3 + 3.6
- Lepton+Jet_s CDF-Il di- | 171.2+2.7+2.9
= All-hadronic ; . ——
. . sl 1744432+ 21
o
Comb!ne them to improve COF-1 14 e e s ey
precision DO-1 1+ 180.1+ 3.9+ 3.6
= |Include Run-I results CDF-II I+ [ 1722+ 1.0+ 1.3
: , e
= Account for correlations ol | IR
. DO-lb 14] 173.0+ 1.3+ 1.7
* Uncertainty: 1.2 GeV S e
_ . S 186.0+10.0+ 5.7
* Dominated by systematic COF-1 all T 1769+26+33
uncertainties ‘CDF-I trk 1753+ 6.2+ 3.0
‘Tevatron July'08 | 172.4+0.7+ 1.0
(stat.) = (syst.)
| | | | yf/dofi= 6.9/11.0 (i81%)

150 160 170 180 190 200
M, (Gevic?)
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