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D& Introduction

* Top is the heaviest fundamental parficle discovered so far
- m, = 174.34 + 0.76 GeV amxiv:1407.2682

s Lifetime:; 1 = 5x10%°s << Mo

— Observe bare quark properties
» Large Yukawa coupling to Higgs lboson
- A, ~1
t

special role in electroweak symmmetry breaking ?

* |f we could calculate the Higgs mass:
— Large corrections to the Higgs mass from top quark “loops”
(Hierarchy problem)

— — — - -

h h /

-~ -~

———*—_—_

h h
Top quarks as window to new physics
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http://arxiv.org/abs/1407.2682

2 %) Production

» Strong interaction: %2, o <t i E
a i e PP T
9 ® t S e WS
| < ] 9 sooor— | 175 f . e H
f gooooo—— | i ‘ ron
qg annihilation gg fusion o
* Different decay channels: S
Top Pair Branching Fractions CE
"alljets" 46% T | N 1 “, \

Tevatron vs. LHC:
qq. ~85% ~15/13% (~10%, 14 Tev)
ve 205,

i T R e 1% gg9: ~15% ~85/87% (~90%, 14 Tev)

Wioxe

"dileptons™ - "lepton+jets™ (1.96 TeV 718 TeV)

1%
T’::\l 2% £

s Worlds largest pp data set for a long time
o Complementary to LHC due to different IS

E A. Jung Top quark mass measurements at the Tevatron 3



DO SM self-consistency
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O B i) - m, =173.34 GeV o
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DO Fate of the universe @&

» With the Higgs discovery the SM can be N S
extrapolated to Planck scale energies 175 S —"'rmla
* "Test” the stability of the electroweak 3 1ol | it
vacuum, under assumptionof nonew & | I“(ﬂf?*“’?o“’*‘é*‘?i%fjf
' 2 174 >
physics: B L
- meta-stable, life fime > O(10%) t s mE AT
universe = .

- but new physics can change that i
. (I Stability
dramatically - e n
120 122 124 126 128 130 132

Higgs pole mass M}, in GeV

E. Branchina et al.
E A. Jung Top quark mass measurements at the Tevatron )




DEY Measurement methods

* Matrix Element method (leading order) calculates

event probabili’ry densities from do/dX
P(x,my) =

my dQ1dqQ f(QI)f( ) W(ya L, kJES)

LO ME PDFs Transfer function

* ldeogram method event likelihood based on Breit-Wigner (signal)

convoluted with detector resolutions

events i=1
* Template method compares h|sTogroms iIn data

to simulations (including detector resolutions)

n
L (sample|my, JSF) = H (Z Pyt (i) (Z;‘} HItt|HIt JSE) x Pj(myy; |myg, JSF) ))

» Depend on MC » We measure "MC mass”

» Alternative methods ("End-point”, J/y, "c”)

Wevent

W boson fully reconstructed:
— |n-situ calibration, Constrain
reconstructed m, to m,

E A. Jung Top quark mass measurements at the Tevatron 6




CDF template method

» Reconstruct IepTon+JeTs event kinemartics by minimizing:

oy (np — nf)? y H e Pyig(mi®, my;, m:‘:mm s Miop, Agrs) + npPyg (M0, m;;, rrlicmm;.&ﬂgs}
207 p— ns + Np
» 3D template fit of m.*°. m reco]l M 602
3 emplare © Jj f t CDF 1I Preliminary 8.7 fb~!
[ argest uncertainties: Generator & JES Systematic GeV/c?
j Residual JES 0.52
Generator (.56
400 Next Leading Order 0.09
asol. CDF Il Preliminary PDFs 0.08
— * Data (8.7 fb'1) b jet energy 0.10
2300 . ' b tagging efficiency 0.03
> ) Signal+Bkgd _ S _
0250 77 Bkad onl Background shape 0.20
L2200 Algl y gg fraction 0.03
-3150_ PRL 100 152003 Radiation 0.06
E 100 MC statistics 0.05
50 Lepton energy 0.03
":/ e 'I‘-A iy h[H:[ 0 'UT
oo 150 200 250 300 350 Color Reconnection | 0.21
mi*=® (GeVic)) Total systematic 0.84

= | m, =172.85+0.71 (stat+JES) + 0.84 (syst) GeV| sm/m = 0.63%

E A. Jung Top quark mass measurements at the Tevatron 7


http://arxiv.org/abs/1207.6758

CDF template method

» Dilepton decay channel using Hybrid method to reduce JES uncertainty

CDF Run Il Preliminary (8.8 fb")

s M =wm'®° + (1-w) m, with:
T T T - +ﬁ—> II+2Jets+E, tagged events
- mTreCo sensiftive to true m, S wb .o
g 3 E_ B ge;::;t;:;:z?)r Bkg

- m.“" |less sensitive to m N -

t t £ a0F
but does not use jet energies i 20 Conf. Note 11072
100
‘:JUZO 120 140 160 I I1I!0‘ I I2['|J('.|I I I22|0I I IZE‘I-(}i i i260

M (GeVic?)

— * |m,=170.80 + 1.83 (statf. + JES) + 2.69 (syst.) GeV dm/m, = 1.9 %

CDF Run Il - All Hadronic I‘\.‘Wmp - Preliminary (9.3 fb)

» All-hadronic decay channel:

CDF Run Il - All Hadronic M,,,, - Preliminary (9.3 fb)

» Data driven bg model S S A S

PRD 90 091101 ; o 400~ # it Fitted Bkg + ti
°* 5/B ~ 1 for=2 b-tags ' Wkl

o &
® For each event reconstruct Wmass and | + I\
iAo 2 S
TmOSS by mlnlleIng X 1— -Ln(UL:::)iz.o 100:— ; ++t
° Hadronic W decay for in-sitfu JES cal. T e T
My, [GeVic?] miec [GeV/c?]

— > |m,=175.07 £ 1.19 (stat. + JES) £ 1.56 (syst.) GeV dm/m = 1.1 %

E A. Jung Top quark mass measurements at the Tevatron 8


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.091101
http://www-cdf.fnal.gov/physics/new/top/2014/mtop_dil/cdf11072_dil_mt_p38_pub_v1.pdf

CDF combination

» Combination using BLUE

» Careful study of correlations, all taken
INfo account

» Per channel correlations:

CDF Preliminary
Final State M, [GeV/c?] Correlations
Mf'-{-'jets Mtff Mtalljets MtI»IET
METIets 17251 +1.02  1.00
M 169.404+2.76 0.40  1.00

MANEs 17499 4+1.90 025 0.26  1.00
MMET 173644+ 1.79 025  0.20 0.13 1.00

m,=173.16 £ 0.5/ (stat.) £ 0.74 (syst) GeV
m,=173.16 £ 0.93 (tfotal) GeV sm/m =0.54%

166

Conf. Note 11080

March 2014 (* CDF preliminary)

|—|+|—|
Lepton+jets 172.51 £1.02 (20.63 * 0.80)
<
Dilepton * 169.40 +2.76 (+2.19 + 1.68)
r
Alljets * 174.99 +1.89 (+1.24 + 1.43)
T
MET+jets 173.64 +1.79 (+1.30 + 1.23)
|—|+|—|
CDF 173.16 +0.93 (+0.57 + 0.74)
combination * (+ stat + syst)

168 170

172 174 176 178
M, (GeV/c?)

E A. Jung Top quark mass measurements at the Tevatron



http://www-cdf.fnal.gov/physics/new/top/2014/CDFTopCombo/cdf11080_TopMass-Winter_2014.pdf

Y DO matrix element

* "Matrix Element” method calculaftes event probability densities P from
differential cross sections and detector resolutions:

P(x,my) my) dqidgz f(q1) f(q2) Wy, @, kjgs)

leferentlal “Structure” of  Detector resolutions
Cross sections colliding particles

JebcLib] /® » Top quark decays lead to complex
—O:° final states in detector
» 10 dimensional phase space
infegration and summing over all
iy | eymg—— possible jet — parton assignments
* Disadvantage: high computational
demands
neutrino . JEt 5 {B}
electron

E A. Jung Top quark mass measurements at the Tevatron 10



Y DO matrix element

* "Matrix Element” method calculaftes event probability densities P from
differential cross sections and detector resolutions:

P(ajnmt T dqldQQ f(ch)f( ) W(y,ﬂf, kJES)
leferentlal “Structure” of Detector resolutions
Cross sections colliding particles

» Most precise method available — makes best use of the event info
» "Cross-cdlibrate” results by using the Wboson decay:

Jet 3(q) }
let 1(b)  Constrain jets of hadronic
L8, W decay to known W mass
- - « World average from Particle
. Data Group: 80.398 GeV
Jet 4(q)

E A. Jung Top quark mass measurements at the Tevatron 11



XY DO matrix element

< 1.05—————————————————
s | DJ Collaboration |
% I . tt—lepton+jets |
-
O
=
=
©
(&) . -
1.01) PR
" PRL 113, 032002 (2014) - - |
- m, =|174.98 aw 9.76 GeV |

172 173 174 175 176 177

top quark mass (mt) [GeV]

° lepton+jets, exactly 4 jets & = 1 b-tag
s 2D measurement of kJES and m

1 @ Factorize systematic uncertainties, avoid

double-counting:

— stafistical unc. of systematical unc. is
0.01 - 0.05 GeV

— higher order corrections:
+ 0.25 GeV (3.6/fb), now £ 0.15 GeV

E A. Jung Top quark mass measurements at the Tevatron 12


http://arxiv.org/abs/1405.1756

Y DO matrix element

5 "% D@ Collaboration ] ® lepton+jets, exactly 4 jets & = 1 b-tag
S 104 L .tt%.'e?_t:;;lfegﬁ » 2D measurement of k_.and m,
s | . o | * Factorize systematic uncertainties, avoid
®© ‘S i double-counting:
= \ » — statistical unc. of systematical unc. is
S o 0.01-0.05 GeV
o — higher order corrections:
* " + 0.25 GeV (3.6/fb), now £ 0.15 GeV
m, =174.98 +0.76 GeV

172 173 174 175 176 177

top quark mass (mt) [GeV]

»|Mm, = 174.98 + 0.58 (stat.) £ 0.49 (syst) GeV For comparison CMS:

o m,=172.02 + 0.77 GeV
m, = 174.98 + 0.76 (fotal) GeV 0-43% relative
uncertainty

Single most precise measurement!
PRL 113, 032002 (2014)

E A. Jung Top quark mass measurements at the Tevatron 13


http://arxiv.org/abs/1405.1756

Y DO matrix element

Before applying corrections: After applying corrections: kJE o 0, Mm

@ [ D@AT' Liets @ [ DBATH' usets
LLl B L% L C L%
150 Other bgs 150 Other bgs
- B W+hf - B W+hf
100 Wlf 100 Wlf
: I Multijet - I Multijet
50 50
o- 0 K
-% 1.5 % 1.5 _ = 1N R S, S o I - zZ
o L: o 1t
0.5; | | Tl WL (o e ——— R -
200 400 600 800 1000 200 400 600 800 1000
m. [GeV] m. [GeV]

* Apply results of the measurement to "MC” and verify that data is
well described within uncertainties — it is !

E A. Jung Top quark mass measurements at the Tevatron 14



DO matrix elemem‘

o I rl ~-Dat @ F
Sa00p DO97 T M $ 400 ufe DBOTM |
T - Other bgs c o [ e FTRE
ool B Wb * 300 -
300__ W+If B — bjes=1.00
B I Multijet 200 i --- bjes=1.05
: 100-| "
| N 0 s el
N 0 1 2 3 4 5
’ RbI
BE— > 2 btag == 1 btag
i pf? g, pbj s - pggeﬂ'
0 1 2 3 4 5 p%’ietl L pgef? ' (péieﬂ +1 %Zetg)/z

Rb to light jets

» Measure ratio of p, of b- 1o light jets — sensifive o b-JES (ATLAS method’)
» Template fit including dominant systematic uncertainties

R_,=1.008 +0.0195 (stat.) + +0:037 (gyst) Subm. to PRD

~0.031 arxXiv:1501.07912

° Impor’rdn’r cross-check of b-JES; after all corrections applied ~ 1.

E A. Jung

e
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DEY Systematic uncertainties

» Highly precise measurements, dominant systematic uncertainties:

- . -
- ™ i
—— e Source of uncertainty Effect on m; (GeV)
Signal and background modeling: . ”
Higher order corrections 4015 Signal and background modeling:
Initial/final state radiation +0.09 2 ¥
Hadronization and UE +0.26 ngh er Dl‘d or CD]PECt]DHE _|_D 1 5
Color reconnection +0.10 ] 1
Multiple pp interactions —0.06 . i - i
o pn P Hadronization and UE +0.26
b-jet modeling +0.09 i . =
PDF uncortainty To11 Detector modeling:
Detector modeling: y ;
Residual jet energy scale +0.21 Residual jet energy scale 40.21
Flavor-dependent response to jets +0.16 =
b tagging +0.10 et _1 e e
e 0 Flavor-dependent response to jets 4+0.16
Lepton momentum scale +0.01
Jet energy resolution +0.07
Jet 1D efficiency —0.01
Method:
Modeling of multijet events +0.04
Signal fraction +0.08
MC calibration +0.07
Total systematic uncertainty +0.49
Total statistical uncertainty +0.58
Total uncertainty +0.76

» "Standard” measurements depend on MC -» We measure MC mass
* Addressed by signal model uncertainty

» "Translafion” uncertainty from measured "MC mass” to pole mass
» Additional theoretical uncertainty of about 0.5 - 1 GeV
* = Use alternative methods, e.g. extfract mass from cross sections

E A. Jung Top quark mass measurements at the Tevatron 16



¥5 Alternative methods

» Mass is convention dependent:
Depends on the renormalization scheme

@ Direct mass measurement is close to the pole
MAss
» Derive m P°¢ from intersection of measured o,

and theoretical predictions:

Theoretical prediction | mP®'® (GeV) AmP°' (GeV)

MC mass assumption |mM© = mfde mMC = mlt\ﬁ
NLO [11] 164.8757 —3.0
NLO+NLL [12] 166.575 2 —2.7
NLO+NNLL [13] 163.075 % —3.3
Approximate NNLO [14]| 167.5152 —2.7
Approximate NNLO [15]| 166.7752 —2.8

_>

m,=16/.5+5.4-4.7 GeV

A DO, L=5.3 fb "’
. PLB 703, 422 (2011)
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http://arxiv.org/abs/1104.2887

DE Tevatron combination

» Combined using BLUE
» Careful study of correlations,
iINto account

° Individual weights of measurements:

July 2014

0. Preliminary

Red box: positive weights
Grey box: absolute value of
negative weights

0.4

0.2

|weighti ¥ \weighti | for all measurements

Analysis

all taken

arxiv:1407.2682

m, = 174.34 + 0.37 stat.) £ 0.5

m, = 174.34 + 0.64 (fotal) GeV smym = 0.37%

2 (syst) GeV

July 2014 (* preliminary)
®
CDF-II dilepton * 170.80+3.26 (+1.83% 2.69)
@
D@-II dilepton 174.0042.80 (:236+1.49)
e e —
CRF-laljets™ 175.07£1.95 (+1.55= 1.19)
B —
CDF-Il MET+Jets 173.93+1.85 (*1.26+1.36)
Bl
CDF-II lepton+jets 172.85+1.12 (:0.52+ 0.98)
B
DJ-Il lepton-+jets 174.98+0.76 (0.41% 0.63)
]
Tevatron combination * 174.34+0.64 (+0.37%052)

{Run | and Run I1} (+ stat + syst)

y2/dof = 10.8/11 (46%)

For comparison CMS 165 170 175 180 185
combination: M, = 17/2.38 +0.68 GeV M, (GeV/c?)
E A. Jung Top quark mass measurements at the Tevatron 18


http://arxiv.org/abs/1407.2682

DY Tevatron combination

Combination of decay channels: L
. . . . July 2014 (* preliminary)
» Combination driven by precision
of DO |+jets results _ ————
Lepton+jets 174,17 £0.66  (+0.38+ 0.54)
° Very good agreement seen
» x? of combination: -
Dilepton * 171.95+1.97 (+1.61+1.14)
x°/dof = 10.8/11 (46 %) , ®
Alljets * 175.63+1.85 (+1.23+ 1.39)
@
MET+Jets 17419+1.77 (+1.29+1.21)
_— -
Tevatron 174.34+0.64 (+0.37+ 0.52)
combination * (+ stat + syst)
(Run I and Run II)
| | | | | | | | | |

168 169 170 171 172 173 174 175 176 177 178 179

M, (GeV/c?)

E A. Jung

Top quark mass measurements at the Tevatron
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D World combination

» World combination (ATLAS + CDF + CMS + DO): arXiv:1403.4427

Tevatron+LHC m, combination - March 2014, L =35fb"-8.7 fb”
_ ATLAS + CDF + CMS + DQ Preliminary
il PN el N— 172.85 + 1.12 (0.52= 0.49+ 0.86)
COF Runl, diepton oo g 170.28+3.69(195 1319
COF Aunll, al jets - —— 172.47 £ 2.01(1.43+ 0.95+ 1.04)
CBF Runll, E™4jet
E =8_7ir? T e b —— 173.93 £ 1.85(1.26 +1.05+0.86)
PO Runil. l+jets ittt 174.94 + 1.50(0.830.47 + 1.16)
R0 Aunl, di-lepton - ® a=1 174.00 + 2.79 (2.36 = 0.55 + 1.38)
ALT"ffEOH’ ets —_— e —— 172.31+ 1.55(0.23 £ 0.72 £ 1.35)
ATLAS 2011, di-lapton ———— 173.09+ 1.63(064  +1.50)
RSan, e s b et 173.49 + 1.06 (0.270.33+ 0.97)
Gl 2011 Bl _— — 17250 £ 1.52(043 1 1.46)
CMS 2011, all jets
- —_— = 173.49 + 1.41(0.69 +1.23)
World comb. 2014 ,/m =310 - 173.34 £ 0.76 (0.2720.24+0.67)
i i i toteltl (stat. syst.)
165 170 175 180 185
mtop [GeV

E A. Jung Top quark mass measurements at the Tevatron 20


http://arxiv.org/abs/1403.4427

I¥3 Fate of the un/verse

@ Contour is world average
» Add laftest measurements:

180

- o 9_
DO m,=174.98 £ 0.76 GeV - il
=~ 178 & .
~ ~ _ 1910_
CMSm, =172.02+0.77 GeV ~ e
°Buf: extrapolation, mass >~ (3 6 S o » o 11091}
definition % < | : Inﬂatmn IIlSt&bll—ltyl()H
— additional uncertainties S (H 10 GeV)
' = \'. ) 1{}16—
not included here 2 174 Lot
= N '. |
» Benchmark new physics: Lé g e :
e 172 ¢ ' 10" -
IBD-_'*""f' """r"' rrrr ' —~ | il
178} | ;‘F:ﬂg“‘t (7t Pk g E,B,r@ﬁchlﬂa @t:a] 5 1 -
Wi s 170 . i
v | P e e G jo J
e 0% Stability -
e > [arXiv:1307.3536] :
ml-—= Mitanatilty 168 T —
P > L 120 122 124 126 128 130
110 115 120 35 130 135 140 H]gg_sI)O]e — Mh ln Gev
E A. Jung Top quark mass measurements at the Tevatron 21


http://arxiv.org/abs/1307.3536

Sfano’aro’ modael fit

e 10 —
< 9 . fitter M % - 3
= — [ SM fit wio m, measuiements = o
8 — SM fit w/o m, and M, lpeasurements —
- :_"." mkn world average [arKiv:1403.4427] _E
~ HEH mtin DO measurement [rXiv:1405.1756] 3
6 =07 mP°*® from Tevatron o [@rXiv:1207.0980] =
5 m°® fromCMS o_[arXi§:1307.1907v3] =
= HH " from ATLAS o - [arXiy:1406.5375] =
e S e At A — 26
3 Latest CMS =
= Latest DO =
2E HCH —
] i - [ 16
0 - | | | ] | | | ] | |. | | I_I. | |\.I-—__I | | | | | | | | | ] -
160 165 170 175 180 185 190
m, [GeV]
- "pole” extracted from production cross sections

ﬁ A\Y kinll

E A. Jung

direct measurements, e.g. maftrix element method

Top quark mass measurements at the Tevatron 22



DEJ Conclusion & Qutlook

» Many results in various channels, only some shown

* Expect new results by DO very soon

* Precision measurements of the fop quark mass part of
the legacy of the Tevatron

» Most precise latest combination:

m, = 1/74.34 + 0.3/ (stat.) £ 0.52 (syst) GeV
m, = 174.34 £ 0.64 (total) GeV sn/m = 0.37%

DO web pages CDF web pages

E A. Jung Top quark mass measurements at the Tevatron 23


http://www-d0.fnal.gov/Run2Physics/top/index.html
http://www-cdf.fnal.gov/physics/new/top/top.html

D5 Backup

E A. Jung Top quark mass measurements at the Tevatron 24



DF template methods @

300— 350 _—
CDF Il Preliminary 300 CDF Il Preliminary
250 « Data (8.7 fb-1) S * Data(8.7fb)
2 . . ' S 2501 77 Si
2200 Signal+Bkgd 3250 :Endal""?kgd
0 | ///E On
2 ] Bkgd onl 15200 g y
£150 1 Ja onty -
2 %150
c et
2100 3100
w &
50 50
00 150 200 250, 300 350 ?')0 60 70 80 90 ,100 110 120
meco? (GeVic?) m. (GeV/c?)

[ J8 ] =t Y PO L P P PP P PP MUY PP P P P PRI P P Y R S A I LR P . R I8 P P RS R RN P e P
: = Alog(l)=0.5 i

=== A log(l) =2.0
------ Alog(l) =45 |

| ‘CDF Il Preliminary 8.7 fb™ 5 5 5
-0.4 ilJllIIIIllI.I.IIIJJ.IIIIIIIIIIIIIIlllilllli|l||i||
1705 171 175 172 1725 173 1725 174 1745 175

2
M,,, (GeVrc?)
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DES CDF combination

» Distinct signature: lepton and aft least 4 jets

D-Zara Detector at Fermi Nalional Acceleralor Laboratory
CAL+TKS ENMDVIEW 16-JJL-1%86 1533 Rum 92704 Ewvert 14022 8-JUL-1985 1317

61.2 GeV/c

-,: A i \I .,
N %ﬁl = 53.9 GeVlc
4

|
)

i3
7
[ .:::_'__

7.3 GeV/c

58.6 GeV/c

w— MO

° |dentify events based on “single leptons” with high fransverse
momentum — worked/works at Tevatron/LHC

E A. Jung Top quark mass measurements at the Tevatron 26



D CDF combination

Updates compared to |last publication/measurement:

> More data 3.6/fo = 9.7/fb (full Run |I) [ Higher-order effects

* Improved object IDs (e, u, b)
» Faster method:
* Random number generation
> Modify treatment of kJES
- Verified that method gefts
same result as with “old”
method, but factor of
~ 100 faster

* Allowed dramatic increase in
MC statistics

Typical stafistical uncertainty: |

~0.25 GeV - ~ 0.01 - 0.05 GeV

E A. Jung Top quark mass measurements at the Tevatron

+H0. 25

ISR/FSR = £0.26
Hadronization and UE ic\'i +0.58
Color reconnection § +0.28
Multiple pp interactions g +0.07
_T'.'Icrdeling of background < £0.16
W +jets heavy-flavor scale factor 2 +0.07
Modeling of b jets = 40.09
Choice of PDF © 2024
Residual jet energy scale 2 +0.21
Data-MC jet response difference & +0.28
b-tagging efficiency +0.08
Trigger efficiency +0.01
Lepton momentum scale +0.17
Jet energy resolution +0.32
Jet ID efficiency +0.26

27



http://arxiv.org/abs/1105.6287

DEJ DO matrix element

. Source of uncertainty Effect on m; (GeV)
Dominated bV Signal and background modeling:

* Uncertainties related to Higher order corrections +0.15 =-—

Hhe signal model Initial/final state radiation +0.09
Hadronization and UE +0.26 <*—

-+ Color reconnection +0.10

Multiple pp interactions —0.06

Heavy flavor scale factor +0.06

b-jet modeling +0.09

» Uncertainities related to PDF uncertainty +0.11

Detector modeling:

the Jef energy scale Residual jet energy scale 4021 <*—
- Flavor-dependent response to jets +0.16 <*—

b tagging +0.10

Trigger +0.01

Lepton momentum scale +0.01

Jet energy resolution +0.07

Jet ID efficiency —0.01

Method.:

Modeling of multijet events +0.04

Signal fraction +0.08

MC calibration +0.07
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DI  Sample composition

» Background from other physics processes and instrumental sources, e.g.

“Whbb + jets” , “multi jet” “n

q g | e
N

jet

jet

* Multi jet and W+heavy flavor (Whf) confribution derived from data
» Samples for signal and backgrounds:
 tt; Alpgen+Pythia, alternative also: Alpgen+Herwig, MC@NLO+Herwig
o W//Z+jets & W/Zhf+jets: Alpgen+Pythia
* Diboson: Pythia
 Single top: CompHep
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mailto:MC@NLO

DO control plots

@ Now check the signal region to measure differential cross sections: e or yu + = 4 jets

3 DO Z—97m 1 38 [ DO =971 3 150F (c) DO £ =9.7fb"! 2 [ @Dy Z=97m"
- € -=-Data = " = i -
g 10° € Mlteen | L &
[¥ Diboson
10 e
I Wijets
B Multijet i
10 L C
1 0_ of
-g 2 r /// g 2r g g 2r
g 1.? T % // 2 1_§|_ 5 5 1.513_
0.5 - 0.5} 0.5 i I
4 5 6 7 8 0 100 200 300 400 50 0 50 100 150 200
Niet Hr [GeV] Lepton pr [GeV]
3 1o’ (@ DO £ =97fb" 8 200F ) DO £ —9.7fb " 3 3 5ok @ DO £ =9.7fb!
= -= Data = C = = L
ch 10° uun -:g::;iet) I.ICJ 150: LI:.I LI:.I L
[ Diboson r
Singleto L
10? Z+jgts‘ P 100+
0 Wjets N
B Multijet - r
10 500 i
1 ot ol
o 2f 7/ e 2f o 2f 9
g 15 %% % g 15 g 15 5
0.5 ZZ7Z /// //% 0.5¢ 0.5} S5t Tt ¥
4 5 6 8 0 0 0 50 100 150 200

Lepton pr [GeV]

N]et

(assuming the measured tt cross section)
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D& Jet energy scale

° [ts not just a “jet” from a quark...in reality much more complex:
» |nitial state & final state radiation, underlying events, multiple
parton inferaction, the parfon shower
* Need a correction to take these effects info account

» To be exact: DO JES only valid for Pythia Tune A

pmeas — o E_ - offset correction

ptel __ :
E — P B R —response correction
S - Showering corrections, In/Out of cone
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D& Jet energy scale

» L atest JES calibration applied Accepted by NIM
» Correction depends on jet energy, uncerfainties of 1-2%

T | T | T | T T T | T | T '0\_0' 45_ Ime‘as=]25'GIV‘ ] ' l I ] _' _f
5257 Dy 3.0 b (b) N A
= - : | £ 3F =05 J -
§ - Roone = 0.5 i }EE 25 wone o
3| — a6V ] B VE
o 2.0 = p-nrneas =100 GeV - - 1;_ e T e P oo™
o B ___ p™meas — 400 GeV 7 - : i i : : 7
8 i Py i 45— pree = 100 GeV (b) E
> 3F E
2157 2 :
) - ]
4 B 1— —
O - - ]
- L . e e =

10- _ 4 pre* = 400 GeV — Total .

! | | ! | L | ! | ! | | ! 3 Offset E

3 -2 -1 0 1 2 3 - e Response 1
%’ ndet 2 T — Showering—;
1 =

Jet cuts required in top quark measurements - = emm——
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http://arxiv.org/abs/1312.6873

DI Single particle response

» JES does not distinguish quark and gluon jets
* Employ y+jets events to calibrate response in MC 1o data
» Derive a correction factor F___for MC.: 7 » Response in calorimeter

; _ for data or MC for particle i
1 Z B R‘;l ata inside particle jet
) g~ b 7 « Matching with dR < 0.25
7. pMC
v+jet Zz L - R 1
* Preserves standard JES calibration

» Cdlibration by using:
» Reconstructed jet p. with offsef correction: p ="

Fﬁ:m‘r —

(F)

o p, of EM cluster with tight photon ID: ol
» Calibrate ratio P~/ P,

e

Assuming the single particle composition as in MC
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DI Single particle response

* Improves MC description of jets and reduces sample-dependency
» Resulting F__for different jet flavors and their uncertainties

. | D@ M |<04 (@ | '« | D@ I |<04 (b) . | DG I <04 (c)
g 80.021 oet 1 ©80.02 oet 1 280.02- oet .
L I ] L i ] L i
0.00r . 0.00r . 0.00r 7
-0.02F - -0.02F / -0.02¢ .
-0'04:_ —— Correction _ _0'04:_ —— Correction _ _0'04:_ — Correction _
i Statistical Uncertainty 1 ] i Statistical Uncertainty 1 i 8 Statistical Unc. 1
_O'O6i Systematic Uncertainty - O'O6i Systematic Uncertainty 0'06: Systematic Unc. -
Lo b v b b by I T T (T O N R S N NS S N RSN S N Wi o o v by by oy |
20 40 60 80 100 120 20 40 60 80 100 120 20 40 o60 80 100 120
p. [GeV] p. [GeV] p, [GeV]

» Small correction to light quarks (u.d.s.c), several % for g and b quarks

» Without that correction, the measurement (see 1\fb result) suffers an
uncertainty for the b/light response ratio of 0.83 GeV, by far
dominant SOUrCe  phys. Rev. Lett. 101, 182001 (2008)
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http://arxiv.org/abs/0807.2141

De> Accelerafor

Vs=1.96 TeV Vs= -7/8 TeV

» Peak Iumlnosmes 3-4x10¥2cm?s » Peak luminosities: 8 x 10°° cm?s’!
» ~10 fbo! per experiment recorded » ~5 /20 fbo ' per experiment recorded
@ Tevatron shutdown September 2011 o LHC consolidation/upgrades till 2015

Big thanks to the Accelerator Divisi0§!
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Dé5 Experiments

General purpose 4x detectors:

®* Tracker: Detection and momentum measurement for charged particles
s Calorimeters: Identification and energy measurement of jets and electrons
@ Muon system: Identification and momentum measurement of muons

GGGGGGGGGGG
7
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R
I T
L s R
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__=
Torond

—[_\¥

| | | | | | I | | | | | | | |

I I N N B I L1 11 : I I I I N I‘ I éof.;“%ﬁg&m i?,_é?; supsncf lﬁ
» Tevatron: Similar Colorlme’rer and tracker coverages
° L HC:; Increased coverage compared o Tevatron
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