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. The top quark is special:

- Itis the heaviest quark  sectonteuns
of the SM! |

SN

« Why is it so heavy?
. Does it play a special role
in EWSB?
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Motivation
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. The top quark is special.

- Itis the heaviest quark .
of the SM! Overconstrain M,,, m,, and MHiggs

- Consistency check of the SM!

« Why is it so heavy?
. Does it play a special role

in EWSB?

. GFitter Coll., EPJC, 72 2005 (2012
- MW re|ated to mt & MHiggS. ;. 80.5 B T 1 T | T LI | T T T ’I | T T ,I | T T F | (I T T T _)
o ] 68% and 95% CL fit contours | mkin Tevatron average = .
t O, B w/o M,, and m, measurements 7
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o If this is not enough, the top quark mass is
a fundamental parameter of the SM

. The fate of our Universe depends on m,!

- Consider the Higgs Lagrangian:
Ly= (a# — igWir® — z‘%Bp) ¢| + 12oto — Mo'o)?,

- The quartic Higgs self-coupling

term \(¢ip)? is responsible for the
mexican-hat shape of the potential

- This works only if A is positive...

I

i

i
;Jﬁtfwz'%
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i
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« Areceives radiative corrections from all particles of
the SM, mostly from the top quark!

- We can evolve these corrections using running group

equation to Planck scale: Degrassi et al.

0-10 | | | | | | | | I | | | | | | |
« A should remain positive! ' ]
008l M, = 125 GeV
) 30 bands in
_ M,=1731%0.7 GeV
= 006p 1 as(My) = 0.1184 + 0.0007
oo -
£ [
With the current world’s best g 0.04F
values for m; and my;.: P
o o = -
- Our Universe is only metastable! S 002
% L
2 0007
~0.02 -
004- M;=1753GeV |
The calculation includes NNLO effects 10* 10* 10° 10° 10 10™ 10' 10% 107 10%
RG equation at NNNLO RGE scale s in GeV
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Stay tuned!

We’ll know more in 1072 years... 8
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Stay tuned!

We will measure m, M, .., and a;

with higher precision! &}
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3 « We measure the top mass
I* q’ in tt events:
q\/ - |+jets channel: good compromise
between kinematic reconstruction,
W\ high rate, and backgrounds
- b k . Dilepton channel: low backgrounds,

but underconstrained kinematics
and low rate

- All-hadronic channel: highest
branching ratio, very high
backgrounds from QCD multijet
production
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« Use full 9.7 fb1 of integrated luminosity & require:
- Exactly one tight isolated electron or muon with:
* Pr >20 GeV, Inmuonl < 2’ lnelectronl <141
- Exactly four jets with cone parameter R=0.5 and:
. pr> 20 GeV, leading jet p; > 40 GeV
- Reject multijet events with
. ]5'1* > 20 GeV
. Topological cuts
- One or more b-tagged jet (g, = 65%, €4, = 10%)
to further reject backgrounds

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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. We split our data sample into four epochs:
« Runlla (1.1 fb1)
. Run lib1 (1.3 fb')
. Run IIb2 (3.0 fb)
. Run lIb3 (4.4 fb™)
- This is done to accurately take into account the
detector response variations due to factors like:

. Time dependence due to instantaneous luminosity
- E.g. track reconstruction efficiency, b-tagging

« Varying detector configuration
- E.g. addition of Layer 0 to the silicon tracker after Run lla

« We use dedicated MC simulations to model the
detector response in each of those epochs

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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. Simulations are done with:
- tt signal: alpgen+pythia (0,1,2 light partons)
- W+jets: alpgen+pythia (0,1,...,5 light partons)
- W+cc, W+bb: alpgen+pythia (0,1,2,3 light partons)
- Multijet events: from data

. Use “matrix method” to predict its yield [1]

. Use events with inverted lepton isolation requirements to
model the shape

[1] D@ Coll., submitted to PRD, arXiv:1401.5785 [hep-ex].
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt




KIRCHHOFF-
.ﬁ\/f ot Simulations used

. Simulations are done with:
- tt signal: alpgen+pythia (0,1,2 light partons)
- W+jets: alpgen+pythia (0,1,...,5 light partons)
. W+cé, W+bb: alpgen+pythia (0,1,2,3 light partons)
- Multijet events: from data

. Use “matrix method” to predict its yield [1]

. Use events with inverted lepton isolation requirements to
model the shape

. To make sure we are on the same page:
- We measure the so-called MC mass:

. In our case m, as implemented in alpgen
- Close, but not necessarily identical to the pole mass

[1] D@ Coll., submitted to PRD, arXiv:1401.5785 [hep-ex].
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. Sample composition assuming o,y = 7.24 pb [1]:

Contribution e+ jets U -+ jets
Data 1502.00 + 38.76 | 1286.00 =+ 35.86
tt 918.11 + 3.63 | 824838 + 348
W + jets 77.85 + 2.13 | 101.03 + 293
W + HF 12598 + 2.12 | 16221 +  2.81
Multijet 14441 + 24.19 48.17 + 16.11
Other backgrounds 9775 + 0.51 7924 £+ 094
Expected 1364.10 + 24.65 | 121553 + 17.00
. We obtain a signal fraction (f) of
- 61% (etjets)
- 64% (u+jets)
« (will show data/simulations comparison plots later in
the talk) [1] Czakon et al, PRL 109, 132001 (2012).
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FUR PHYSIK

.ﬁ\/f T Jet energy scale (JES) calibration

« We calibrate jet energies at detector level to particle
level (in data and MC)

. Calibration procedure in a nutshell:
- Calibrate EM energy scale with Z—>e*e-

- Correct energy scale for electrons to that of photons

- Use y+jet events to calibrate major components of JES
. Expect momentum balance in transverse plane

B [fmeas __ EO

Eptcl
R-S

- Use y+jet and dijet events to extend calibration in pT,n

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt
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.ﬁ\/f T Jet energy scale (JES) calibration

« We calibrate jet energies at detector level to particle
level (in data and MC)

. Calibration procedure in a nutshell:
- Calibrate EM energy scale with Z—>e*e-
- Correct energy scale for electrons to that of photons

- Use y+jet events to calibrate major components of JES

. Expect momentum balance in transverse plane
T

- Use y+jet and dijet events to extend calibration in pT,n
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.ﬁ\/f T Jet energy scale (JES) calibration

« We calibrate jet energies at detector level to particle
level (in data and MC)

. Calibration procedure in a nutshell:
- Calibrate EM energy scale with Z—>e*e-

- Correct energy scale for electrons to that of photons

- Use y+jet events to calibrate major components of JES
. Expect momentum balance in transverse plane

- Use y+jet and dijet events to extend calibration in pT,n
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We use the neWJet energy scale (JES) callbratlon

S . ¢ T :
S ¥ af |pr=-256ev -4 & 4F E
o ; - | D@ 3.0 fb‘ E 'S - E
— - - = -
s £ &3 Reone = 0.5 E £ 3p E
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= ) o 1 @ - -
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KIRCHHOFF-
.ﬁ\/ﬁ R Refined jet energy scale calibration

. Apply dedicated corrections for:
- u,d, c, s quark jets
- b quark jets
- gluon jets

« The correction is given by:

1 Z’L Ez * R,?ata
' . pMC

<F>»y+jet Zz E’& | Rz
- F.orr Preserves default JES by construction

. Derive single particle responses R;in data/MC for:
L
-y, et pE, mt, KE, Ky, K, pt, nand A

- (Keep in mind that DG corrects jet energies to particle
level in data and in MC)

F corr —

D@ Coll, arXiv:1312.6873 [hep-ex], submitted to NIM
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. The final flavour-dependent correction:

-0.02

-0.04}

-0.06}

04.04.2014

[ D@ I l<04 (@)

—-gl

e —

P

u, d, c, s quark jets-f

- =

— Correction
I Statistical Uncertainty 1
Systematic Uncertainty 1

L 1 1 | L L

20 40 60 80 100 120
p, [GeV]

Ff:;orr'1

S RAAP R TORRE
0.02F S i

: gluon jets j
0.00} ;
-0.02f /_
'0'04; —— Correction -
0 06; 1 Statistical Uncertainty 7
“V.U01 Systematic Uncertainty -
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Refined jet energy scale calibration

T [0 hmiwd @

o 8002; det ) -

Wt bquarkjets !

0.00f 1

-0.02f

.0'04; — Correction

i W Statistical Unc. ]

.0'06: Systematic Unc. 1

20 40 60 80 100 120

p, [GeV]

D@ Coll, arXiv:1312.6873 [hep-ex], submitted to NIM
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.ﬁ\/{- nsTiTUT Refined jet energy scale calibration

FUR PHYSIK

The final flavour-dependent correction:

" [ D@ mI04 @ ] '« [ D@ MmIo04 () 1|7 [ DB M <04 ()
g 50.02F s - $0.02 o 1 | = 80.02 - 5
! Cﬁ_o L ! o s
wof —_— ~ gluon jets T L S b quark jets
e — 4 s 4 s
0.00r . 0.00f . 0.00
002 U, d, ¢, s quark jets -0.02f / 0od
.0'04:— — Correction — .0'04:_ —— Correction — .0'04; — Correction 1
0 06; I Statistical Uncertainty 1 0.06F W Statistical Uncertainty 1 0 06. ! Statistical Unc.
s : Systematnc Uncertainty ] s : Systematlc Uncertainty 1 It Systematic Unc. 1
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
P, [GeV] P, [GeV] P, [GeV]

The correction accounts for the difference in JES for
b quark jets and light quark jets:

- Substantial reduction of one of the dominant
systematic uncertainties!

arXiv:1312.6873 [hep-ex]
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KIRCHHOFF-
.%\/ﬁ FORERYSE The matrix element technique

. Matrix Element (ME) technique:

- Calculate the event probability on an event-by-event basis:

Pevt(mtop) X fPsig('rntop) + (1 — f)Pbgr

Psig(mtop) X /'°'d0tf(mtog)

doy; |Mt£|2(mt0p)

- Advantages:

. Use 4-vectors with maximal kinematic and topological
information > maximal statistical power

- Disadvantages:
. High computational demand + theory assumptions

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt



KIRCHHOFF-
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. perform an in-situ calibration of the JES:
- Constrain energies of the two jets from W to be
consistent with M,,

- This allows a simultaneous extraction of m, and the
overall JES factor k ¢!

b-jet jet > My~ K e

At tree level, we have 4 partons
evolving into 4 jets:
-2 24 jet-parton assignments

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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.%\/ﬁ NeToT The ME technique in our measurement

[ DO matrix element technique in |+jets final states ]

[ b tagging-based weight to identify relevant jet-parton assignments ]

ﬂ [ Integration over phase space (10 dim) ]
\
Pg, = w; | dpd m%dM % d m% dM % dpedgid cfl' dq; dq?,_’
obs i=1
f'(q1)f"(g5) ,
| M z1? LMY DeW (x, y; kygs)

ﬂdvorsv ﬁ J 77a/3(11 45 )2 — ’77(2] Wl%gﬁ O\

LO matrix element

PRD 53, 4886 (1996) [ Phase space factor ]
PLB 411,173 (1997)

Transfer functions (TFs) to map
parton level quantities y to reco level quantities x

PRD 84, 032004 (2011) [

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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.%\/ﬁ NeToT The ME technique in our measurement

[ DO matrix element technique in |+jets final states ]

[ Normalisation by observed cross section using the same LO ME ]

@ [ Sum over all 24 possible jet-parton assignments ]
P., = | 224“‘. dpdm*dM2dm3dM3dp dg*dq’ dgXdq’,
sig T /i PAMiAMTdnydvisdpeddiadqy dds; dds
obs =1

. "
Z | M ;72 UMCIVCE) O W(x, y; kygs)
ﬂavors,v% J(naﬁq?qg)z . ’7_2(271’71(2]2

Sum over incoming parton
flavours and all neutrino
p, solutions

PDFs for Bjorken-x and transverse momenta of
incoming partons

PRD 84, 032004 (2011) [
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« We numerically calculate a 10 dimensional integral
using MC integration techniques
- Identical to the 3.6 fb-! result except:

. Use low-discrepancy sequences
for the MC integration

- Deterministic sequence of points
in our 10-dim parameter space
providing optimal convergence

. Factorise the JES factor k 5 from
the ME calculation
- Include it via the transfer function

- Reduction of calculation time by o(100)!

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt



KIRCHHOFF-
.%\/ﬁ FOR PEYSIK The ME techique: improvements

« We numerically calculate a 10 dimensional integral
using MC integration techniques Uncortainty (GeV) L

- Identical to the 3.6 fb-! result except:

. Use low-discrepancy sequences
for the MC integration fggg
- Deterministic sequence of points ;O:5g
in our 10-dim parameter space +0.28
providing optimal convergence +0.07

. Factorise the JES factor k 5 from +0.16

the ME calculation =0.07
+0.09

- Include it via the transfer function +0.24

- Reduction of calculation time by 0o(100) 001

. Increase the size of calibration samples! +0.28
- Typical statistical uncertainty from size of MC samplelsr—.

Excerpt from the table of systematic
uncertainties of the 3.6 fb'" analysis [1

.= 0.25 GeV - 0.01-0.05 GeV

[1] D@ Coll. PRD 85 032004 (2011)

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt



KIRCHHOFF-
.ﬁ\/ﬁ plip prveie Transfer functions

. The Transfer Functions W(x,y; k;gs) relate parton-
level quantities to reconstruction-level ones

. Parametrise the detector response:
- For jets, we use the sum of two Gaussians:
. Parametrise jet energies:

- treat separately: light quark jets, b-tagged jets
with soft muon tag, all other b-jets

- X4 | n|regions for each

« Direction of jets and leptons in n x ¢ well-measured:
- - use d-function as transfer function!

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data

Oleg Brandt



.ﬁ\/f e Transfer function validation

FUR PHYSIK

. Compare parton momenta smeared with transfer
functions to jet momenta in full simulation in:
- Invariant mass of dijet system matched to W boson

- Invariant mass of trijet system matched to top quark

- DO preliminary '\ Fully Simulated 2200 D preliminary .\ Fully Simulated
35001 = Smeared w/ TF 2000 = Smeared w/ TF

3000F

2500f
2000}
1500}

1000F

C— -

QO 40 60 80 100 120 __ 140 30 100 120 140 160 180 200 220 240
m,, [GeV] mg,, [GeV]
. Very good description of detector response!

Representative MC simulations = cf. backup for all

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt
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KIRCHHOFF-
.ﬁ\/ﬁ FOR PHYSIK Calibration of method response

. Calibrate the method with pseudo-experiments (PE)
Keep in mind we use P, and P, , obtained from first
principles and parametrised detector response

. = calibration imperative
. (in template methods this is merely a consistency check)

Dedicated calibration for each epoch & channel
» - total of 4 x 2 = 8 calibrations
Each PE consists of N,

PEs include:

. W+jets background (dominant, adjusted according to f)
« MJ background (11% and 4% for e and mu+jets)
. (Other backgrounds contribute few % in each channel)

Construct PEs according to signal fraction (f)
measured from data

1000 PEs performed at each calibration point

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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Extracting signal fraction from data

. We extract the signal fraction from data
- For this, integrate L(f,m,k,c5) over m, and K g

- Calibrate method response in f:

1

0.9

0.8

fitted signal fraction

0.7

0.6

0.5

0.4

[ /nat 1.682/3
[ | PO 0.1995 + 0.005616
1 0.7253 + 0.007825
D@ preliminary
_1 L0 1 l Ll 1 1 l L2 L 1 l 22 1 1 l L1 1 1 l Ll 1 1
4 0.5 0.6 0.7 0.8 0.9 1

true signal fraction

fitted signal fraction

1

0.8

0.7

0.6

0.5

Representative MC simulations
for modeling Run 11b3 data

045

[ 7ot 0453273 - cf. backup for all

| PO 0.1591 = 0.005504

. [ P! 0.7735 = 0.007739

i D@ preliminary
1'11111111lllllllllLL'Llll,ll

4 0.5 0.6 0.7 0.8 0.9 1

true signal fraction

(Perfect method response to fis achieved at particle level with events

04.04.2014

generated according to the LO matrix element for the 222 process)

Top quark mass in I+jets using 9.7 fb-! of D@ data
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. We measure (after calibration):

Epoch Channel | Signal fraction o;; (pb)
Ritla L oes s
o BV R
R EE | ges 7
R O 075 s
R L o

. Values in good agreement with o;; = 7.7873:2/ pb [1]

Typical statistical+calibration uncertainty on signal fraction: 1%, on o, about 0.1 pb
[1] D@ Collaboration, Phys. Rev. D 84, 012008 (2011).
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.ﬁ\/( Ut Calibration of method response in my, k¢

. For calibration of method response in m, and k cs:
- Construct PEs according to the signal fractions
measured for given epoch+channel

- Vary N, in PEs according to binomial statistics
- 1000 PEs performed at each calibration point

. Calibrate m, with samples at
- m,=165,170,172.5,175,180 GeV

- kyes =1
. Calibrate k g with samples at
- ke =0.95,1,1.05
- m,=172.5 GeV
- k,es variation is done for background as well

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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| Result I

(Note: analysis was blinded
in m, by constant offset)
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« Summary:

¢+ jets, final = 174.98 +0.58 (stat+JES) GeV,
= 1.02540.005 (stat);
e + jets, final = 175.55+£0.81 (stat+JES) GeV;

= 1.026 =0.006 (stat);
U +jets, final : = 174.36 £0.84 (stat+JES) GeV.
1.025 £0.007 (stat);

o Our preliminary result in |+jets final states using
9.7 fb1 of data (statistical uncertainty only):

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt



.g\/f i:ﬁﬁ Results per data taking epoch & channel
D@ preliminary, l+jets, 9.7 fb’’

I+jets Run I "’-‘ 1.025 =+ 0.005, x*/DOF=6.0/7
u+jets Run lib3 -—-0-—- 1.025 = 0.010
e+jets Run lIb3 -—D—- 1.027 = 0.008
u+jets Run lIb2 -—-0—- 1.032 = 0.012
e+jets Run llb2 -—*—' 1.034 = 0.012
u+jets Run lib1 e 1.038 = 0.019
e+jets Run lib1 ' o ' 1.016 = 0.019
u+jets Run lla ° 0.986 = 0.022
e+jets Run lla o 1.000 = 0.023
08 'o.slas' — 4 — '1.cl)5' — '11.1' 115
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.g\/f i:ﬁﬁ Results per data taking epoch & channel
D@ preliminary, l+jets, 9.7 fb

l+jets Run Il e~  174.98 = 0.58, x*/DOF=5.3/7
u+jets Run l1Ib3 —e— 174.79 = 1.23
e+jets Run lIb3 | —e— 176.61 = 1.15
u+jets Run lib2 —— 174.46 = 1.51
e+jets Run lIb2 ——t 173.44 = 1.51
u+jets Run lib1 -~ 173.76 = 2.37
e+jets Run lib1 o 174.54 + 2.28
u+jets Run lla — L 172.67 = 2.74
e+jets Run lla ° 177.65 = 2.60
1 1 l 1 I 1 1 1 1 I 1 1 1 | 1 1 1 1 I 1 1 1 1 I | 1 1 l
160 165 170 175 180 185 190
M, (GeV)
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KIRCHHOFF-
.}\/f nsirun Data/MC comparisons

. In the following, showing “post-fit” data/MC
comparison plots
- Use cross sections fitted with the ME technique:
« 7.8 pb for etjets
« 7.6 pb for p+jets
- Use tt simulations with m, =175 GeV

8@ 2000 pg preliminary 9.7 b 8 200 Do Preliminary 9.7 fb™
b E . -»- Data '.E _ . -+ Data
& 150F { etjets miigsien w 150F Htjets g ti(l+jet)
- Other bgs - Other bgs
- B Whi+jets - B Whi+jets
1001 Wif+jets 1001 Wif+jets

B Multijet B Multijet

lgl Ll
lgl T

More data/MC comparisons in backup

ot ot
o 2: .o 25 ........ ®
= 3 = 3 T
o 1 '5 E 3] 1 .5 [ e ST bif st
S N |

0.5'_.“ ...................................................... ettt ) [ S W b~ % Z 0-5: .............................................................................. . o e 1
0 50 100 150 200 0 50 100 150 200
Lepton p_ [GeV] Lepton P, [GeV]
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Data/MC comparisons
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"
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. Procedures:
- Construct pseudo-experiments identically to
the default calibration:

. including W+jets background

« Method-related uncertainties also include MJ
background

- For four signal modeling uncertainties:

. Compare different models for m=172.5 GeV, k=1
. Stat. uncert. O(0.05 GeV)

- For all other uncertainties, re-derive calibration
. Stat. uncert. O(0.01 GeV)
. Discuss refinements in the following:

Systematic uncertainties

1.

Uncertainty due to limited size of MC samples

2. New calibration of the detector
3. Refined treatment of signal modeling uncertainties
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt
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. %\/f PR BIVSIE Refinement from

Higher order corrections™ 0.15
Llﬁtﬁﬂ'ﬁm_sﬁm'ﬁhon“ 0°09
Hadronization & UE* 0.26
Color reconnection™ 0.10
- Multiple pp interactions 0.06
C  Heavy flavor scale factor 0.06
QE) b-jet modeling 0.09
¢  PDF uncertainty 0.11
S Detector modeling:
% Residual jet energy scale 0.21
o Data-MC jet response difference 0.16
&  btagging 0.10
. Trigger 0.01
IE Lepton momentum scale 0.01
.Jet energy resolution 0.07
Jet ID efficiency 0.01
Methodad:
Modeling of multijet events 0.04
Signal fraction 0.08
MC calibration 0.07
Total systematic uncertainty RS
Total statistical uncertainty
Total uncertainty
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data

. Keep in mind that, for a given uncertainty, we cite:

- max{ statistical uncertainty, |face value of systematic| }

Source of uncertainty

Effect on m; (GeV)

Signal and background modeling:

Source Uncertainty (GeV)
Modeling of production:
Modeli ( signal:
Higher-order effects +0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color reconnection +0.28
Multiple pp interactions +0.07
Modeling of background +0.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24
Modeling of detector:
Residual jet energy scale +0.21
Data-MC jet response difference +0.28
b-tagging efficiency +0.08
Trigger efficiency 40.01
Lepton momentum scale +0.17
Jet energy resolution +0.32
Jet ID efficiency +0.26
ethod:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

Oleg Brandt

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)
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- (Profit from the increased size of calibrations samples

Higher order corrections™ 0.15
Initial/final state radiation™ 0.09
Hadronization & UE* 0.26
Color reconnection™ 0.10
- Multiple pp interactions 0.06
C  Heavy flavor scale factor 0.06
QE) b-jet modeling 0.09
¢  PDF uncertainty 0.11
S Detector modeling:
“ _Residual jet energy scale 0.21
8 Data-MC jet response difference 0.16
& “btagging 0-10
. _Trigger 0.01
IE Lepton momentum scale 0.01
Jet energy resolution 0.07
Jet ID efficiency 0.01
Nretroar:
Modeling of multijet events 0.04
Signal fraction 0.08
MC calibration 0.07
Total systematic uncertainty RS
Total statistical uncertainty
Total uncertainty
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data

here, too)

Source of uncertainty

Effect on m; (GeV)

Source Uncertainty (GeV)

Signal and background modeling:

Modeling of production:
Modeling of signal:

Higher-order effects +0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color reconnection +0.28
Multiple pp interactions +0.07
Modeling of background +0.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24
Modeling of detector:
Residual jet energy scale £0.21
Data-MC jet response difference +0.28
b-tagging efliciency =0.08
Irigger efficiency +0.01
Lepton momentum scale +0.17
Jet energy resolution +0.32
Jet ID efficiency +0.26
Method:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

Oleg Brandt

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)
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Use new JES calibration including flavour-dependent
response correction:

— T T ™T T '_ T L e e T MJ B A S e | ~—

L D@ M <04 () | D@ M 104 () ] . [ D@ M <04 (c) |
g g80.02r . TLUO 02r et 1 o80.02F et .
w —_— _ gluon jets 1w b quark jets
e g 4 - R :
0.00f . 0.00 . 0.00f
0.02F U, d, ¢, s quark jets - -0.02} / ooal
A P Correction ~ -0'04; —— Correction ~ -0'04; — Correction 1
0.06F W Statistical Uncertainty 1 0.06F I Statistical Uncertainty | 0 06> W Statistical Unc.
e Systematlc Uncertainty ] e : Systematlc Uncertainty 1 R Systematic Unc.
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
p, [GeV] p, [GeV] p. [GeV]

- =2 Uncertainty from flavor-dependent response:
« 0.16 GeV (was 0.28 GeV)

- This uncertainty accounts for JES difference between
light quark jets and b quark jets

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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Higher order corrections™ 0.15
Initial/final state radiation® 0.09
Hadronization & UE* 0.26
Color reconnection™ 0.10
- ultiple pp interactions 0°06
C  Heavy flavor scale factor 0.06
QE) b-jet modeling 0.09
¢  PDF uncertainty 0.11
S Detector modeling:
% Residual jet energy scale 0.21
o Data-MC jet response difference 0.16
&  btagging 0.10
. Trigger 0.01
IE 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
Total systematic uncertainty RS
Total statistical uncertainty
Total uncertainty
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data

here, too)

Refinement from tt signal modeling
- (Profit from the increased size of calibrations samples

Source of uncertainty

Effect on m; (GeV)

Source Uncertainty (GeV)

Signal and background modeling:

Modeling of production:
Modeling of signal:

_Higher-order effects £0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color reconnection +0.28

m Interactions ¥0.07

Modeling of background +0.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24
Modeling of detector:
Residual jet energy scale +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
Method:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

Oleg Brandt

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)




.%\/ﬁ INSTITUT Initial/final state radiation

FUR PHYSIK

« Constrain ISR/FSR by studying Drell-Yan events
. Measurement of p(Z) using ¢* variable [1]
q g A [

Z

q g [+ ~
Transverse S
detector Q
plane S
@)
N
(Q\|
~
-—— 4 ©
QNN =
TN 2

R
\%‘\g} o
O
Q
l- Q
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.%\/ﬁ ST Initial/final state radiation
Constrain ISR/FSR by studying Drell-Yan events

. Measurement of p(Z) using ¢* variable [1]

- Vary ISR/FSR via CKKW renormalization scale in
alpgen (ktfac), as suggested in [2]

. ktfac variations by *1.5 cover excursions of MC from data

N

~

S

Q

oS

N

S

N

N

N~

o

=>

. Q.

o, ce,yi<1)| DO preliminary |, Lw yi<1)] D@ preliminary Ty

® F h Q -~

£ 7371 £F73fb~1ISRup N

2’ ) ISR nominal S T

23 N ISR d S 8

: b $ f own } N9

£ £ ( Also tune in other | = S

2 - + P kinematic regions:| < &5

i st 2 0 1<y|<2 S

9 9 -

0sl:x? . =25.66,%2 =19.57 0.8l x5 ,, = 18.53,x% = 13.90 o ly|>2 8:. S

Cp o E o (cf. backup) ©

o7bid | =244,x2=2.09 07X, =237, %% =217 \____ J = 2

06 %2, = 12.82,5 =10.29 06P: %2, =20.77,x* = 16.93 8 CEB
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—
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.%\/ﬁ INSTITUT Initial/final state radiation

FUR PHYSIK

« Constrain ISR/FSR by studying Drell-Yan events N

. Measurement of p;(Z) using ¢* variable [1] Q

- Vary ISR/FSR via CKKW renormalization scale in °g°
alpgen (ktfac), as suggested in [2] i\

. ktfac variations by *1.5 cover excursions of MC from data o

Wy

= Q

The effect of ISR/FSR variations in top-antitop events S T

1 D@ preliminary D@ preliminary = T
g ok §1.3_ ; _ (=) D
£ b ISR up £ | For our selection (N,,=4) < @
s ISR nominal S N 2
H ISR down - ﬂ [ | 6 3
£ S —— g . L _|:~ S »
posf—— | o I ﬂi'ﬁ < 5
09 T - - < O

= . - Q %
0.5 Our selection 8F O =
03421:;‘1151115; O o520 25 3035 404550 g §
Number of jets p,(th) (Gev) )
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.%\/ﬁ INSTITUT Initial/final state radiation

FUR PHYSIK

Constrain ISR/FSR by studying Drell-Yan events

. Measurement of p(Z) using ¢* variable [1]

- Vary ISR/FSR via CKKW renormalization scale in
alpgen (ktfac), as suggested in [2]

. ktfac variations by *1.5 cover excursions of MC from data

N
~
=)
Q
o)
N
=)
N
N
N
O
=
e In addltlon reweight tt simulations in p,(tt) to data = &
3 I DO Preliminary 9.7 fb™ 3 2005 DO Preliminary 9.7 fb™ & =
] B - Data = - -+ Data = -
I.I=J 200__ﬁ e+jets .tt(l+|et) ﬁ E II ”+jets M tt(1+jet) 8 )
" Other bgs 150_—I Other bgs R Z
B Whi+jets C B Whi+jets Q\ 8
i Wif+jets 100F Wif+jets ~ ®©
100; B Multijet - I Multijet o %
507 = o
0 E:' *)
o g L 9o 9k Q. %
é S E 1.5 )
1t ; i === it 3 %
BE . 3 o 1 lele | 1 0_5 ..................... b s o 1 8 0 o, 4 4 o A 4 0 s O E
0 20 40 60 80 100 0 20 40 60 80 100
p,(t}) [GeV] p,(t}) [GeV] NS
- Effect may be related to ISR/FSR mismodelling =
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Initial/final state radiation
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Constrain ISR/FSR by studying Drell-Yan events
. Measurement of p(Z) using ¢* variable [1] %
- Vary ISR/FSR via CKKW renormalization scale in >(°(9
alpgen (ktfac), as suggested in [2] QQ,

. ktfac variations by *1.5 cover excursions of MC
e In addltlon reweight tt simulations in p,(tt) to data™

3 I DO Preliminary 9.7 fb™ 3 - DO Preliminary 9.7 fb™
-E 200‘ I -»-Data 'E 200:_I --Data
W 1 etjets muuey w - i ptjets miguey
" Other bgs 150_—I Other bgs
B Whf+jets Z B Whf+jets
B Wif+jets 100F Wif+jets
100; B Multijet 00F I Multijet %
507 S
A
0 ¢
9 o L 9 9k Q
T 1.5F T 1.5
« 1; i AT * « 0 g; 28 Z =
_5- . . o 1 lele | 1 BEF . X LY At T s 12 50 8, 7008 1 0 et
0 20 40 60 80 100 0 20 40 60 80 100
p,(tt) [GeV] p,(tt) [GeV]
- Effect may be related to ISR/FSR mismodelling )
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Higher order corrections™ 0.15
Initial/final state radiation® 0.09
Hadronization & UE* 0.26
Color reconnection™ 0.10
- ultiple pp interactions 0°06
C  Heavy flavor scale factor 0.06
QE) b-jet modeling 0.09
¢  PDF uncertainty 0.11
S Detector modeling:
% Residual jet energy scale 0.21
o Data-MC jet response difference 0.16
&  btagging 0.10
. Trigger 0.01
IE 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
Total systematic uncertainty RS
Total statistical uncertainty
Total uncertainty
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data

here, too)

Refinement from tt signal modeling
- (Profit from the increased size of calibrations samples

Source of uncertainty

Effect on m; (GeV)

Source Uncertainty (GeV)

Signal and background modeling:

Modeling of production:
Modeling of signal:

_Higher-order effects £0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color reconnection +0.28

m Interactions ¥0.07

Modeling of background +0.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24
Modeling of detector:
Residual jet energy scale +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
Method:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

Oleg Brandt

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)




KIRCHHOFF-
.}\/ﬁ iUt Hadronization and underlying event

Compare alpgen+herwig vs alpgen+pythia (default)
Combination of two effects:
1. The actual effect we are interested in

2. Component from different JES (differential in p,n)

« Strictly, our JES is valid only for pythia with DO Tune A

« One can argue from first principles that JES will be
different for a different tune (and generator!)
- E.g. due to different transverse & lateral showep’shapes:

jet

. With JES for herwig, the effect would be accounted for
- Factorize uncertainties to avoid double-counting:

. We have an uncertainty for dependence of JES on p,n...

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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.N\/ﬁ FOR PYSIK Hadronization and underlying event

. Factor out the component from different JES
- Evaluate using the momenta of particle level jets
matched to detector level jets with AR=0.25
- Apply default selection at detector level
. 2 Minimize bias from acceptance etc.
. We also factor out the effect of different p(tt) in:

« Default (alpgen+pythia)
. Alternative model (alpgen+herwig)

- Achieved by reweighting default simulation in pT(ﬂ) to
match the alternative model

- This effect is already taken into account in ISR/FSR
uncertainty

. — Hadronization and underlying event uncertainty:
- 0.26 GeV (was: 0.58 GeV)

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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Higher order corrections™ 0.15
Initial/final state radiation® 0.09
Hadronization & UE* 0.26
Color reconnection™ 0.10
- ultiple pp interactions 0°06
C  Heavy flavor scale factor 0.06
QE) b-jet modeling 0.09
¢  PDF uncertainty 0.11
S Detector modeling:
% Residual jet energy scale 0.21
o Data-MC jet response difference 0.16
&  btagging 0.10
. Trigger 0.01
IE 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
Total systematic uncertainty RS
Total statistical uncertainty
Total uncertainty
04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data

here, too)

Refinement from tt signal modeling
- (Profit from the increased size of calibrations samples

Source of uncertainty

Effect on m; (GeV)

Source Uncertainty (GeV)

Signal and background modeling:

Modeling of production:
Modeling of signal:

_Higher-order effects £0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color reconnection +0.28

m Interactions ¥0.07

Modeling of background +0.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24
Modeling of detector:
Residual jet energy scale +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
Method:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

Oleg Brandt

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)




KIRCHHOFF-
.}\/f st Color reconnection

. Use new color reconnection model:
- Parametrises colour string survival

probability in terms of the rapidity Proton beam remnant
difference of beginning and end of :
color string

- Old crude model:

. ad-hoc breaking up of color
connections with some probability

« Compare pythia with Perugia 2011

vs Perugia 2011NOCR tunes
« Use identical hard ME events for the .M‘<

comparison
. - Uncertainty from color

intiproton beam remnant

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt

reconnection:
- 0.10 GeV (was: 0.28 GeV)
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This measurement
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KIRCHHOFF-
INSTITUT
FUR PHYSIK

Results of three years of hard work and countless studies...

Source of uncertainty

Effect on m; (GeV)

Source

Uncertainty (GeV)

Signal and background modeling:
Higher order corrections™
Initial /final state radiation™
Hadronization & UE*

Color reconnection™
Multiple pp interactions
Heavy flavor scale factor
b-jet modeling

PDF uncertainty

Detector modeling:

Residual jet energy scale
Data-MC jet response difference
b-tagging

Trigger

Lepton momentum scale

Jet energy resolution

Jet ID efficiency

Method:

Modeling of multijet events

0.15
0.09
0.26
0.10
0.06
0.06
0.09
0.11

0.21
0.16
0.10

Modeling of production:
Modeling of signal:
Higher-order effects
ISR/FSR
Hadronization and UE
Color reconnection
Multiple pp interactions
Modeling of background
W +jets heavy-flavor scale factor
Modeling of b jets
Choice of PDF
Modeling of detector:
Residual jet energy scale

0.01

0.07

0.01 ‘ 1.02 GeV

Data-MC jet response difference
b-tagging efficiency

0.01

igger efficiency

Lep momentum scale

0.04 0.49 GeV Jet ID efficien

Jet ener esolution

Signal fraction 0.08
MC calibration 0.07
Total systematic uncertainty 0.49

Total statistical uncertainty
Total uncertainty

thod:
Multijet contamination

Signal fraction
MC calibration

+0.25
+0.26
+0.58
+0.28
+0.07
+0.16
+0.07
+0.09
+0.24

+0.21
+0.28
+0.08
+0.01
+0.17
+0.32
+0.26

+0.14
+0.10
+0.20

Total

+1.02

Top quark mass in I+jets using 9.7 fb-! of D@ data

Oleg Brandt

Conclusions

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)
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.ﬁ\/( nsirun Conclusions

. Lots of work went into refining the evaluation of
systematic uncertainties for this measurement:
- Acceleration of the ME technique by O(100):

. Eliminate the statistical component from systematic
uncertainties

- Refine procedures for evaluating uncertainties from
signal modelling, include new, modern models

- For “free”: the great work done by the JES group!!!

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt



KIRCHHOFF-
.ﬁ\/( nsirun Conclusions

. Lots of work went into refining the evaluation of
systematic uncertainties for this measurement:
- Acceleration of the ME technique by O(100):

. Eliminate the statistical component from systematic
uncertainties

- Refine procedures for evaluating uncertainties from
signal modelling, include new, modern models

- For “free”: the great work done by the JES group!!!
« Our final result: 0.43% precision

my = 174.98+0.76 GeV

my = 174.98 £0.58 (stat+ JES) £0.49 (syst) GeV

0.44% - Most precise @ LHC: 172.04 £ 0.19 (stat.+JSF) 4 0.75 (syst.) GeV.
0.64% - 2"® most precise @ Tevatron 172.9 0.5 (stat) = 1.0 (syst) GeV

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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FUR PHYSIK

N

World average

Tevatron+LHC m,,, combination - March 2014, L_=3.5fb"-8.7 fo”
. ATLAS + CDF + CMS + DO Preliminary
CPr il Hets et it 172.85 + 1.12(0.52 = 0.49 = 0.86)
COF il drlepton o 170.28 + 3.69(1.95  =3.13)
CBZE%T"’ alljets bt e @t =4 172.47 + 2.01(1.43 = 0.95 = 1.04)
CE:’?Z?”’ rets F— i 4 173.93 + 1.85(1.26 = 1.05 = 0.86)
Dfi Fi”;:!' Fists ittt 174.94 + 1.50 (0.83 = 0.47 = 1.16)
n0 Funll driepton - o o=t 174.00 = 2.79 (2.36 = 0.5 = 1.38)
AILAS 20T ets — e — 172.31+ 1.55(0.23 £ 0.72 = 1.35)
ALTm E}?ﬁw’ driepton o 173.09 = 1.63 (0.64 +1.50)
CMS 0T ets — 4t 173.49 + 1.06 (0.27 = 0.33 = 0.97)
CMS 20T, driepton =0 17250 + 1.52(0.43 = 1.46)
CMS 2T alljets o 17349+ 1.41069  =1.23)
DLO mun Il ets eowe 17498 + 0.76(0.41 £0.41 £0.49)
Wc?rld comb. 2014 %, /"4 =421 -0 = 173.34 + 0.76 (0.27 £ 0.24 = 0.67)
25 TovaronMarch2013 (Runbel) r—.— 173.20 = 0.87 (0.512 036 2 0.61)
3 S LHC September 2013 el 173.29 = 0.95 (0.23 + 0.26 + 0.88)
- | | | totall (stat. syst.)
165 170 175 180 185
This result not included in the world average fit M, [GeV]

04.04.2014

Top quark mass in I+jets using 9.7 fb-! of D@ data

Oleg Brandt






KIRCHHOFF-
.ﬁ\/{ STt Comparison with previous measurements

« Current World average:

m; — 173.34+0.76 GeV

arXiv:1403.4427 [hep-ex]
. Assuming no statistical correlation between this
result and the combination

« Taking full uncertainty for the Tevatron average
. Taking statistical uncertainty only for this measurement

- Consistency at 1.71 SD level (p-value of 3.1%)

« Current Tevatron average:

m; = 173.2+0.87 GeV

arXiv:1305.3929 [hep-ex]
. Making the same assumptions:

- Consistency at 1.70 SD level (p-value of 3.3%)

11.04.2014 Top quark mass in I+jets using 9.7 fb-1 Oleg Brandt
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. The phase diagram of the Universe: .
Degrassi et al.
T T e 180 T T Ly A T - T T
[ o .10 — - - .10
200 1 Instability " ] N E
1= -~ Meta=stability_ - -~
> I ~ &) : e Lt
3 150 I oS 2 S 1758 R
£ 1 Wi s B -
2 100 Stability e s - |
g g S LT ]
& ey g 170 T 3
= u =3 H 2 - 2. k- == — " i
01 - : r Y_== Stability .
: : = ]
0 " P RS S |ﬂ. P S S S S N 165 1 1 1 L | 1 1 L L | 1 L L 1 1 L L
0 50 100 150 200 115 120 125 130 135
Higgs mass M), in GeV Higgs mass M, in GeV
Type of error Estimate of the error Impact on M}
M, experimental uncertainty in M, +1.4 GeV £ ]
Qg experimental uncertainty in oy +0.5 GeV
Experiment Total combined in quadrature +1.5 GeV
A scale variation in A +0.7 GeV
o O(Aqcp) correction to M, +0.6 GeV
Yy QCD threshold at 4 loops +0.3 GeV
RGE EW at 3 loops + QCD at 4 loops +0.2 GeV
Theory Total combined in quadrature +1.0 GeV
11.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt 73




. %\/f Flavor-dependent correction

FUR PHYSIK

. Apply dedicated corrections for:
- u,d, c, s quark jets
- b quark jets
- gluon jets

« The correction is given by:

1 Z’L Ez * R?ata
' . pMC

<F>fy+jet Zz E’b | Rz
- F.orr Preserves default JES by construction

. Derive single particle responses R;in data/MC for:
L
-y, et pE, mt, KE, Ky, K, pt, nand A

- (Keep in mind that DG corrects jet energies to particle
level in data and in MC)

F corr —

D@ Coll, Section 14 in arXiv:1312.6873 [hep-ex], submitted to NIM

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt



KIRCHHOFF-
.N\/ﬁ plip prveie Flavor-dependent correction

. Derive single particle responses R;in MC:
- Use single particle MC samples for each of
Y eia ,U'ia ﬂ-ia Kia Kga K(l);a pia n and A
- Using:
. Zero energy noise suppression off for default
. (Noise suppression on - systematic uncertainty)
- Fit with appropriate function:

. €, U,Y (notshown):
- Calibrated separately and have one function each

. For all hadrons:
- Response function is (but different fit parameters!):

- RMC = 9. [1 — py, - (E/O.75)p’21_1] if pr > my; 0 if pr < mp,

D@ Coll, Section 14 in arXiv:1312.6873 [hep-ex], submitted to NIM

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt
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MNE e Flavor-dependent correction

FUR PHYSIK

. Few example flts of MC response for three partlcles

%/ ndt 2006115 2054115
m x*
1 4 det pc 05009+ 0.003147 det 0.2007 = 0.003128 det 0
& k0. 0<h'|| pt 07321= 0.00aas | 0. 1<|T]| <0 2 o757 - acoxzas | O. 3<h][ \<0 4 | 7
%1 2 0.4768=+ 0.007658 0.4502 = 0.007335 2 0.4091 = 0006053

0.8
-n-i
0.6 L
0.4
0.2
0.0 s - _ f—
g L o Lt ind 8104/15 ) i
1.4 det po 088294 0.002777 det 0 08712 = 00027 det
5 00<h‘]| <0.1» 0s0s7- ooczsse | 0. 1<l <0.2 1 oene oocess | 0.2<Inl” <0.3
1= 2 0.3633= 0.009645 2 0.3562 = 0.009746
§142 o
1.0f
Ki *F
0.6p= o
0.4 :—
o2
. 0.0] . —
g L . all B 16851 15 2548115 2194115 2307115
A det po 0,873+ 0.001334 det p0 38826 = 00012 T B0 08575 = det o 0,864 + 0.001168
S :00<h'|| <0. p1 2063+ 0.07853 01<h‘]| <0.2 + 21692 0.08619 . . pt 19¢2: 3t54 0. 3<h]| '<0.4 o 19852 007276 | 0.4
2 2 -1.782 + 0.1068 2 2 1.578 + 003297 o -1.639 = 0.1027

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt



KIRCHHOFF-
.N\/ﬁ plip prveie Flavor-dependent correction

. Closure test: check that . E; - RMC describes the
raw offset-corrected energy (E7%” — Eo)-ko correctly

- . : jet

25000 (e er"'mp'e _ o 14 ytJet MC sample for ]nfiztl <04_
g ' ' 'l Entries 201674 1 ¢ F . - - I ;
= F Mean 0.9927 1 1.3 n%'<0.4 =
"©20000 ’_In;‘:‘l<0.4 RMS 0.1515 - § et E
s [ %2 / ndf 281.3/25 1 g8 12F E
.:E:‘ C Constant 6374 = 58.4 ] woE 3
5000~ Mean 0.9895 = 0.0010 - © E 0_—0——@—:
E - Sigma 0.1415 = 0.0008 . ia 1.0 W'O'G'WQ = - - 4 - =
"%E Should be centred about 1 1 Es%F E
: 1 = osf residual> systemati rtainty | 3
so0ok- 1 < °®f residual=> systematic uncertainty |

: 1 07 =

84.. == ..08‘..10...12, - ..116...bl¢...é0 0.6: ..(1)2 3
o e 1 - oo

/3 - v . et
T E' is given by p,. - cosh(n?ct)

y = (E% — Ep) - ko/ Y, E; - RMC

jet

E;.‘gtw is the raw jet energy

FE o s the offset correction for noise and pile-up (in- and out-of-time)
ko is the correction for noise suppression bias & only needed to perform closure test
77

Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt
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KIRCHHOFF-

%\/f INSTITUT Flavor-dependent correction

FUR PHYSIK

. Deriving single particle responses in data:
- Fore, u,YV:

. Assume perfect modelling of detector response by MC
- Systematic uncertainty estimated on this assumption

. For hadrons 7%, K*, K5, K¥, p™, n and A:
. Basic shapes in E,n (i.e. per-hadron fit parameters) from MC
. Fit unique (not per-bin or hadron) parameters A, B, C:

Rg“t“ =C- p?l . [1 —A -p,ll - (E/0.75)p%+3'1] if pr > my; 0if pr < my,
- Identicalto RMCfor A=C =1and B=0

. Find an optimal set of A, B, Cto tune MC jet responses such
that the ratios p’** /p1. are consistent in data and MC

T, corr

- Use the particle composition of the jet from MC as a function of
the jet energy and n

- Measure p’* _ /pY. in data and MC samples enriched with
isolated phg’)tons (“y+jet”) and inverted photon isolation (“dijet”)

D@ Coll, Sec. 14 arXiv:1312.6873 [hep-ex], subm. to NiM [

- Here, p%fft -orr 1S FECONStructed jet p; with offset correction

=)
.y
=)
»
X)
o
-_—
>

Top quark mass in I+jets using 9.7 fb-! of D@ data Oleg Brandt
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.ﬁ\/ﬁ plip prveie Flavor-dependent correction

Closure test of the flavour-dependent response:
- p%’ ' |s reconstructed jet pr with offset correctlon

- 1. ————————— = 11
~ = " - ]
:Q- 1.0F D]%) |T|det|<0.4 (a) = :Q- 1.0F Dg h]dct|<0 4 (c) =
8- 0.9f 1 8F oof E
N 0.8 3 ) o O 3 0.8 3 00§ g o) O o © 3
é 0c0go ¥ ] LE 00%Jee *
07E 4000w ® y+jet E 0.7E  qee® Dijet E
06F eo° ® Data E 0.6 ® Data E
0-55— O MC Before Corr? 0-5;’ o MC Before Corr
D4 30 40 100 200 300 1000 0.4 30 40 100 200 300 1000
E h E’ [GeV] E’ [GeV]
= qu Ccos 77)| .
arXiv:1312.6873 [hep-ex]
+ 11— : 1A : ————r
~ = 3 (o = 3
g 1.0F D@ |T| |<0 4 (b) . g 1.0F D@ |T]det|<0.4 (d) s
g o~ 0.9 = = 8 + 0.9F E
Q Y.J¢ ]
0.8f o © 4 0.8 o o © 4
0.7 = e ® _- 0.7 E_ e® ® 5 $ o _5
E e*®* v+jet ] TE oeee Dijet ]
- e. - - =
06; ¢ ® Data : 0'65 ® Data E
0.5F © MC Corrected 3 0.5F © MC Corrected
0.4 - M M M M PR S | M M 0.4 - M M M M PR | M N M
30 40 100 200 300 1000 30 40 100 200 300 1000
E’ [GeV] E'[GeV]

11.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt




FUR PHYSIK

.ﬁ\/(. trn Flavor-dependent correction

. The final flavour-dependent correction:

" [ D@ mI04 @ ] '« [ D@ MmIo04 () 1|7 [ DB M <04 ()
g 50.02F s - $0.02 o 1 | = 80.02 - 5
! Cﬁ_o L ! o s
wof —_— ~ gluon jets T L S b quark jets
e — 4 s 4 s
0.00r . 0.00f . 0.00
002 U, d, ¢, s quark jets -0.02f / 0od
.0'04:— — Correction — .0'04:_ —— Correction — .0'04; — Correction 1
0 06; I Statistical Uncertainty 1 0.06F W Statistical Uncertainty 1 0 06. ! Statistical Unc.
s : Systematnc Uncertainty ] s : Systematlc Uncertainty 1 It Systematic Unc. 1
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
P, [GeV] P, [GeV] P, [GeV]

« The correction accounts for the difference in JES for
b quark jets and light quark jets:

- Substantial reduction of one of the dominant
systematic uncertainties!

D@ Coll, Section 14 in arXiv:1312.6873 [hep-ex], submitted to NIM

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of DG data Oleg Brandt



.% s -w Top mass with the MEM @ D9

. The Transfer Functions w(z,y; JES) relate parton-level
quantities to reconstruction-level ones

Some typical ‘-‘%o.os {@)0<ii<05 DO '-go.oe (b)os<mi<1 DO
examples for light £ e A g
p. 9 0. w80 S o0ar —
quark jets from [1] g —— 10| 8 FEYR
- d L : .
I.l.?‘)- ",, \\ m:>~0_02 i / / \\
w” VAN w” / \
3 SR B Nl s
= 0 0= % 50 00 150
E, (GeV) E, (GeV)
": 0osHC)1<mi<15 DO "; 0osHd)1.5<mi<25 DO
i 004 TTTa | W 0oaF —
M —-— 120 R —— 120
w002 ~ | wroo2r N
"L"x * \ g" “.'-/'/ N
_‘. . e N -‘_ /S ._,_/ ‘..Ai".-.k "~
= %95 T oS % 50 00 150
[1] D@ Coll, PRD 84, 032004 (2011) E, (GeV) E, (GeV)
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mool:-Dg preliminary I Fully Simulated
L w— Smeared w/ TF

1800F-D@ preliminary | F Fully Simulated
= Smeared w/ TF

MC for Run lla
(1.1 fb)

2500}

90 40 60 80 100 120 140 100 120 140 160 180 200 220 240
m,, [GeV] Mg [GeV]

I Fully Simulated
= Smeared w/ TF

1 Fully Simulated
= Smeared w/ TF

3000 MC forl Run lib1
2500 (1.3 fb-1)

7ooof:-DG preliminary
sooo:E
5000

4000}

3000}

11.04.201¢ 40 60 80 100 120 140

30 100 120 140 160 180 200 220 240
m,, [GeV] My [GeV]



.%\/f Transfer function validation

FUR PHYSIK

[ Fully Simulated
we Smeared w/ TF

22006D@ preliminary I Fully Simulated
2000 = Smeared w/ TF

D@ preliminary

Run lIb2
(3.0 fb-1)

90 40 60 80 100 120 ‘ L140 30 100 120 140 160 180 200 220 240
Meq [GeV] Meas [GeV]

2500

| Fully Simulated
= Smeared w/ TF

- Fully Simulated
w— Smeared w/ TF

MC for|Run lib3
(4.4 fb)

‘:’DQ preliminary D@ preliminary

2000}

1500(

500

100 120 140
m,. [GeV] m,., [GeV]

100 120 140 160 180 200 220 240




KIRCHHOFE-
INSTITUT 1

%\/ﬁ stirut Method response in f

5 1: Tndt 015373 S 1: 2Tt 288373 i

i [ L MC|for Run lia

i ) s %0 (1.1 fb)

5 | etjets S | utjets s

T 08 T 08 7

LI
LI

0.7
i /'/
0.6} 0.6

Dd preliminary

N

D@ preliminary

0.5 0.5
o'ﬁ.4l - 05 - 06 - 07 - 08 - 09 - |1 0'6.41 - 05 - 06 - 07 - 08 - 09 - '1
true signal fraction true signal fraction

5 r Z/ndf 188473 S ir Z/ndt 229973
- || x°/n i = [ | x*/n T
: (== T MC for Run llb1
e 0.9: : ' 5 0-9: : : (1.3 fb'1)
2 [ etjets e 2 [ Mtjets /
E E 0.8 7

0.8 / .
A

0.7 / 0.7
/ 0.6

0.6
'
Dd preliminary
0.5 0.5

0. 11 1 1 11 1 1 11 1 1 11 1 1 | I 11 1 1 0. 11 1 | 11 1 1 1 1 1 1 11 1 1 11 1 1 11 1 1
04.04.2014 842 05 06 07 08 09 1 84 05 06 07 08 09 1
true signal fraction true signal fraction

N

LI

D@ preliminary

LI B
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Method response in f

1 : : : 1 : : .
[ | x*/ndf 3.98/3 [ | x*/ndf 0.9855/3
| | pO 0.1894 = 0.005794 | | pO 0.1957 = 0.006338
L | p1 0.7446 = 0.008134 L |Lp1 0.7369 + 0.00882 M C fo r Ru n I I b2
0.9 f | ' |

R . o | 3.0 fb-"
. etjets ’ e N u+jets ) P ( )
0.7 /"'/ 0.7 /"/

0.6 / 0.6
1/

L

fitted signal fraction
fitted signal fraction

LI
LI

D@ preliminary DJ preliminary
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. Even though we perform an in-situ calibration of JES,
this is only an overall calibration
- k,es cannot account for any effects differential in (p;,n)

- Study various parametrisations:

. Vary jet energies according to upper error corridor on
the JES, differentially in (p+,n) using a parametrisation

0.08 GeV . Same for lower error corridor using a parametrisation

. Vary jet energies according to upper error on JES jet-by-
jet, i.e. w/o parametrisation

. Assuming a linear increase in JES which is 0 for E=0 and
increases such as to touch the upper error corridor

- In reality, only one parametrisation is correct
. = take envelope

« 2 Uncertainty from residual JES variations in (pT,n):
- 0.21 GeV (was: 0.21 GeV)

0.13 GeV

0.20 GeV

0.21 GeV

11.04.2014 Top quark mass in I+jets using 9.7 fb-1 Oleg Brandt
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. Based on 7.3 fb! of data
« Observable:

¢y = tan (Gacop/2) sin(6})
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Calibration formulae

« Forreference:

!

m,

kJES

(m; —172.5 GeV) — py’

= - -172.5 GeV
P

_ (kies — 1) — pg®® 1

- pIICJEs b

o (m) = o(m)xwpu(m),

o (kgs) = O(ks) X Wpull (KIES)
(x) —X

[l =
pu p

11.04.2014 Top quark mass in I+jets using 9.7 fb-1 Oleg Brandt



Which m,,, do we measure?

The top mass is not an observable per se and has to be
inferred from its effect on kinematic observables

The mass cannot be well-defined at LO
The pole mass corresponds to our physical intuition of a
stable particle

« My, is the “pole” in the top quark propagator
- Although this is not fully correct (hadronisation effects)

. The pole mass can never be determined with precision
better than Ayqp:
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W

b

11.04.2014 Top quark mass at hadron colliders Oleg Brandt 98
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« Other popular mass definition schemes:
- e.g. modified minimal subtraction scheme (MS), also
referred to as running mass m,, (1)

. The Y, dependence can be used to absorb logarithmic
corrections through resummation (in specific cases)
- better behaviour of perturbative predictions

- The MS mass can be translated into the pole mass at
any fixed order of perturbation theory

. What we typically measure at hadron colliders, is:
- Neither the MS mass, nor the pole mass > mV°
- “Close” to the pole mass
. “Close” not quantified yet
. True also for NLO generators like e.g. powheg

- finite width effects of top propagator are not simulated,
but generated via reweighting

11.04.2014 Top quark mass at hadron colliders Oleg Brandt 99
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Experimental aspects of the MEM

‘he experimen-

First implementation of MEM in HEP

A precision measurement of
the mass of the top quark

D@ Collaboration*
*A list of authors and their affiliations appear at the end of the paper

The standard model of particle physics contains parameters—
such as particle masses—whose origins are still unknown and
which cannot be predicted, but whose values are constrained
through their interactions. In particular, the masses of the top
quark (M,) and W boson (My)' constrain the mass of the long-
hypothesized, but thus far not observed, Higgs boson. A precise
measurement of M, can therefore indicate where to look for the
Higgs, and indeed whether the hypothesis of a standard model
Higgs is consistent with experimental data. As top quarks are
produced in pairs and decay in only about 107**s into various
final states, reconstructing their masses from their decay pro-
ducts is very challenging. Here we report a technique that
extracts more information from each top-quark event and yields
a greatly improved precision (of = 5.3 GeV/c?) when compared
to previous measurements’. When our new result is combined
with our published measurement in a complementary decay
mode®’ and with the only other measurements available®, the
new world average for M, becomes* 178.0 + 4.3GeV/c% As a
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top quark in our previous publication, and correspond to an |
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o The final result: ool
- M= 180.1 = 3.6 (stat) =3.9 (syst) GeV

. Using 125 pb! of p-pbar 5‘5 sk
collisions @ 1.8 TeV, -

71 events of I

o . 165 170 175 180 185 190 195
Previous result: Top quark mass (GeV/c?)

- M= 173.3 £ 5.6 (stat) =5.5 (syst) GeV
« same dataset, 91 candidates
« Much higher statistical sensitivity:
- Corresponding to 2.4x more data with old method!
- Systematic uncertainties are also smaller
Already this analysis
« Was using jet-parton transfer functions

« Looked at 12 possible jet-parton assignments (4 jets)
« Used numerical integration in 5 variables

First implementation of MEM in HEP

1+
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