Top Reconstruction with Local Hadron Calibration

Local Hadron Calibrated Jets in Top Mass Reconstruction
progress report of work at MP| Minchen

Emanuel Rauter, MPI Minchen Top Mass Phone Meetinng Novenber 25th 2009
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cuts and reconstruction method

e electron cuts: e event selection cuts:
— min pT : 20 GeV — leptons : exactly 1
— max abs(eta) : 2.5 — #ets: >4
— author : 1 (3 of them > 40 GeV)
— isEM bitpattern: 0X37F7FF3 — min missingET : 20 GeV
— max etcone20 : 6 GeV
e muon cuts: e take jet triplet maximising pt as top
— min pT : 20 GeV e boost to top CM and take jj of jjj with
— max abs(eta) : 2.5 minimal dR(j,)) as W
— max etcone20 : 6 GeV OR boost to top CM and take jj of jjj
o jet cuts: not using the jet with highest

— min pT : 20 GeV momentum (would be the b) as W

— max abs(eta) : 2.5
— min distance to leptons: 0.4
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iInfluence of purification cut
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e |jj mass spectrum fitted with e at least one two jet combination of
Gaussian (red) + Chebychev the jet triplet is within 20GeV
(green) window around W mass

e small histogram shows subset for
dR(topiryth, tOPreco) < .1
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iInfluence of semi leptonic quark decays
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e again jjj spectrum maximising pt

with purification cut
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Entries

- ptMax_top_mass_true | ptMax_top_mass_500
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e NO events with semi leptonic decays

(of neither b nor W daughters)

e mean of Gaussian shifts from 162.4

to 166 GeV (166.1 to 168.6 in

matched case)

= in data one would hope to tag these

events using a soft lepton tag
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top influence of jet pt cut
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W reconstruction
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e boost jjj to top CMS and take jj of jjj
with minimal dR(j,j) as W fitted with
Gaussian (red) + Chebychev
(green)

e boost jjj to top CMS and take jj of jjj
not using the jet with highest
momentum (would be the b) as W

e small histogram shows subset for
dR(q, jet) < .2
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W influence of jet pt cut
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reconstructed energy in jets

| Sample: DiJet (0.1<|n|<0.5) | o E, = KI6EMTopoJets
15 —— E, =Kt6LCTopoJets
% TE —o— E,, =Kt6H1TopoJets
W o140 —o— E,, = Ki6H1TowerJets
w, F
1.3 . .
= e plot by Andreas Jantsch showing scale of jets at
l2g different calibration scales
1.1 . . .
. g o—0—0=0==0 e red circles give an idea of what to expect from
'E _&ﬁ‘“ Local Hadron Calibration, but jets (Kt6) and
0.9 —o—o—"" e sample (Di-Jet) are different
- —0—0—
0.8 —o—0- : . L :
= Binans e jet level corrections to bring linearity to 1 (see
0.7 —o— .
- N respective talks)
0.6 —
~ —O—_O_
0-5 - 1 11 | 1 1 1 1 1111 | 1 1 1 1 1111
10° 10° 107
Etruth

e look at energy fraction jete/qe

e 1 for qgb looking for jet with best match in all reco jets in container requiring
dR(q, jet) < .2

= expect some bias from pt cut in event selection

e 2 matching those jets used for top to qgb and for W to qq requiring dR(q, jet) < .2

= expect additional bias from pt maximising reconstruction decision
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light JES influence of jet pt cut

| q1_reco_jet_Efrac | | g1 _reco_jet Efrac |
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C RMS : - RMS !
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L M I . .
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C 1 M 4.92
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09— Mean 4.86
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46 4.8 5 52 54 56 58 6 62 6.4
log(a,)
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b JES influence of jet pt cut

| bhadr_reco_jet Efrac | | bhadr_reco_jet Efrac |
U‘” 1-4_ bhadr_reco_jet_Efrac c.“’ 1-4_ bhadr_reco_jet_Efrac
e - Entries 1913 o - Entries 1531
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1of — = : 9
- Mean y 0.8907 . .
ya ‘\‘ Rus | oauor jet used in top/W (black/red)
s i e again with 3 different jet-pt selection
B —_— —— . .
e T cuts 3 jets 30/40/50 (top left / right /
L .
L bottom) + 1 jet 20 GeV
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6.4
log(a,)
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b JES influence of semi leptonic quark decays

| EfracMatch bhadr pt NOSLD | | EfracMatch Wdaul pt |
o 1.2 EfracMatch_bhadr_pt o 1.2 EfracMatch_Wdaul_pt
:m E Entries 3758 :m E Entries 3750
2115 (U 2115 My et
— RMS 0.2161 - RMS 0.2139
— RM - RM
1 . 1 __ Efracl\?ai h_bhad riptoi. V\?Ol;lLSD 1 . 1 - Efracﬁaz:hiwmul?pg.\lzoif;‘
- Entries 2323 - Entries 3390
— M 4.918 — M 4.862
LS ——1 ey asse LS B i B ey osess
- RMSy 0.3425 - —— RMSy 0.2399
s 1F e
- —— 1 T
0.95F 0.95F
= - ——
0.9 0.9
C -
0.85 0.85—
08:I I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 08:I I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
8726 48 5 52 54 56 58 6 62 64 8746 48 ©5 52 ©54 56 58 6 62 64
log(a,) log(a,)
e red histo: no events with semi e red histo: no events with semi
leptonic b decays leptonic decays of W daughter

quarks
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In situ calibration

] ptMax_W_Calib_pt_lIteration0 I ] DiJet_ptMax_W_Calib_pt_lIteration0 |
g 1.35F g 1.35¢
2=z C —&— Oth iteration 2=z = —8— Oth iteration
s .F 2 13
8 1.3¢ —&— 9th iteration 8 e —<%#— Oth iteration
a3 = _ a2 = _—
21.25 c —=— total calibration =1 o5 - —=— total calibration
12— 1.2
115 115
1.1 11 |
C f"*
105 | —f— 1.05 |
- | A = T r
1+ 4 j \ Ie——8——g +
- HL— — T 4 - e
0.95 — 0.95 7+7 \ T
B 0 0 a0 " " = | .
0.9 0.9
10° 10°

Ejet Ejet

o take jets reconstructed W and look at M}P% /M5 (left) or take all 2 jet
combinations and look at Ml’fVDG/ijf.eCO (right) in different energy bins after fitting

= the prior has the benefit of taking into account all other biases and features of the
reco method

= the latter has the benefit of being more universal.

Should try to understand bias in more detail and then find correction from method
with reco selected jets to jj spectrum
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summary and outlook

local hadron calibrated jets are well suited for top mass reconstruction

top decay offers good channel to study and give feedback to local hadron
calibration

will try to get better understanding of biases especially in b JES and the two
in-situ calibration approaches

already started to use 105200 sample and physics background samples

current status for LC:

- new weights are being computed for QGSP_BERT (currently QGSP_EMV)

- jet level corrections are being developed to compensate effects which can not
be corrected at cluster level

- see talks at dedicated meetings Jet-ETMiss and Hadronic Calibration this week
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top reco method

| maxPt_match_m1 | | maxPt_match {(event_selected&&maxPt_match>0)/6311} I
10° maxPt_match_m1 | maxPt_match_m3 B maxPt_match
- Entries 3309 | Entries 798 0.5 Entries 6311
- Mean  1.597e+05 | Mean  2.175e+05 T Mean 1.903
- RMS  2.687e+04 | RMS  1.092e+05 B RMS 1.115
- maxPt_match_m2 | maxPt_match_m4 - maxPt_mc
Entries 1254 | Entries 950 0.4— Entries 16927
10% Mean  1.897e+05 [ Mean  1.975e+05 B Mean 2.01
- RMS  9.131e+04 | RMS 9.68e+04 - RMS 1.144
B 0.3
o= 0.2
- O -
N B I
= 0.1—
1= |-|“ H B
:I IIIIIIIIIIIIIII 1l IH |—JIII|_|II|-|||-|III)<].O3 O_IIIII IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 700 800 900 1000 0 0.5 1 15 2 25 3 35 4 4.5 5
e ideal case regarding qgbb plotting e fraction of events

mass of highest pt object

e case 1 qgbh, 2 qgbl, 3 bhblg1, 4
bhblg2
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top matching and reconstruction goodness

400

Entries

350

300

250

200

150

100

50

o

Lﬂ S EERTE SVRTATRNEN AT RTINS APRTATETIN AR

ptMax_top_mass_true

ptMax_top_mass_500

Entries 301
Mean 166.6
RMS 295
X2/ ndf 28.35/12
Prob 0.00491
Constant 47.19+ 391
u 166.6+ 1.0
a 14.24+1.24
Cr, 0.8635 + 0.9745
Cr, -0.1124 + 1.1972
C, 0.04504 + 1.04055
C,, 0.2117+ 1.3077
C, -0.4105 + 1.3390

Entries 7867
Mean 217
RMS 99.68
X2/ ndf 29.8/27
Prob 0.3232
Constant 1885+ 1438
H 1612+ 1.3
o 20.24+2.17
Cr, 119.6+ 4.9
G, 0.9049 + 3.4684
G, -53.98+ 6.47
Cr, 21.64+5.29
<, 5712+ 4.225

OO

50

100

150

200

250 300 350

400 450 500
Reconstructed mass [GeV]

e dR(q,jet) < .2 for all 3 jets
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LHC Jets For Top Mass

Entries

400

350

300

250

200

150

100

50

ptMax_top_mass_500

ptMax_top_mass_true
Entries 953
Mean 166.3
RMS 297
X2/ ndf 14.89/23
Prob 0.8986
Constant 137.9+6.4
u 165.7+ 0.6
o 15.83+ 0.64
Cs, 2.757 + 0.565
Cs, -0.9048 + 0.4439
Cy, -1.664 + 0.758
Cs, 1.729+ 0.621
Cs, 0.218+ 0.627

Entries 7867
Mean 217
RMS 99.68
X2/ ndf 20.8/27
Prob 0.3232
Constant 1885+ 14.8
H 1612+ 1.3
o 2024+ 217
Cr, 119.6+ 4.9
G, 0.9049 + 3.4684
G, -53.98 + 6.47
G 21.64+5.29
Cr, -5.712 + 4.225

Lo v b by

<DO

200

250 300 350

400 450 500
Reconstructed mass [GeV]

o dR(topyyth, tOPreco) < -1
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W matching and reco goodness

8 - ptMax_W_mass_ptmax_true ptMax_W_mass_ptmax_200 8 - ptMax_W_mass_ptmax_true | ptMax_W_mass_ptmax_200
= 350 - Entries 677 | Entries 8125 = 350— Entries 812 | Entries 8125
c — Mean 78.57 [ Mean 79.12 < — Mean 76.64 | Mean 79.12
w C RMS 17.73 | RMS 38.54 w - RMS 13.41 | RMS 38.54
300 - X2/ ndf 10.8/32 | X?/ ndf 34.23/43 300 - X2/ ndf 19.27/23 | x?/ndf 34.23/43
- Prob 0.9998 | Prob 0.8278 - Prob 0.6854 | Prob 0.8278
— Constant 85.65+4.83 | Constant 136.7+12.1 - Constant 101.4+ 6.1 | Constant 136.7+12.1
250 u 78.64+0.42 | U 79.49 + 0.66 250 H 78.85+0.41 | H 79.49 + 0.66
- 8.494+0381 | O 6.722+ 0.613 - o 7.256+0.399 | O 6.722+0.613
- 2.258+0.316 | Cr, 126.9+ 1.9 - Cr, 94,51+ 26.86 | Cr, 1269+ 19
200— 113+ 041 | Cr, -99.75+2.81 200 C 159.3+47.0 | C;, -99.75 + 2.81
- -0.9139+0.4523 | Cy. -40.87 + 3.04 C C,, 110.7+ 326 | Cr, -40.87+ 3.04
- 1.184 +0.485 | Cr, 54.7+3.1 - C, 6454+17.74 | Cr, 547+3.1
150 -0.419+0.391 | C, -23.89+ 2.26 150 C., 20.32+5.95 | G, -23.89+ 2.26
100— 100—
50— B 50—
O_I PP =~ TR S P T S BT SR 0_. e by b Ly
0 120 140 160 180 200 0 100 120 140 160 180 200
Reconstructed mass [GeV] Reconstructed mass [GeV]

e JR(q,jet) < .2 for 2 jets o dR(Wy ih, Wreco) < .1
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b JES influence of semi leptonic quark decays

| g1 reco_jet Efrac |

o 1.2 q1l _reco_jet_Efrac
o » Entries 814
© - Mean 4.928
T 115 Mean y 0.9759
_ RMS 0.2052
- RMSy 0.1572
1 l__ —_—t EfracMatch_Wdaul_pt
T Entries 3750
— Mean 4.864
- Mean y 0.9533
1.05— _“___ RMS 0.2139
= 1 RMSy 0.2421

~ —|— q2_reco_jet_Efrac
1__ Entries 814
= o N Mean 4.903
C I Mean y 1.015
- RMS 0.2048
0.95= | RMSy 0.2937
- —“— EfracMatch_Wdau2_pt
C Entries 3750
0.9 Mean 4.832
C Mean y 0.9688
- RMS 0.2025
0.85 .ty by e by oy 1y, |RMSY 0.289

: 4.6 4.8 5 5.2 54 5.6 5.8 6 6.2 6.4

log(a,)
[

Emanuel Rauter, MP| Minchen

| g1 reco_jet Efrac |

o 12 q1_reco_jet_Efrac
e : Entries 744
8] - Mean 4.926
T1.15— Mean y 0.9841
C RMS 0.205
C 1 RMS y 0.1471
1 1__ EfracMatch_Wdaul_pt
i Entries 3390
- Mean 4.862
= —_— Mean y 0.9695
1.05 :ﬂ: RMS 0.213
= e TE— RMSy 0.2399
= g2_reco_jet_Efrac
1 Entries 744
- _|_ —_— Mean 4.901
- =L Mean y 1.016
= RMS 0.2033
0.95— e RMS y 0.3011
— EfracMatch_Wdau2_pt
- Entries 3390
09— Mean 4.828
C Mean y 0.9699
- RMS 0.2003
O 85 C 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 RMS y 02952

46 48 5 52 54 56 58 6 62 64
log(a,)

e NO events with semi leptonic decays
of W daughter quarks
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fraction of events with semi leptonic decays

| ptMax_W_semilept_decay {event_selected/8918} | htemp | ptMax_b_semilept_decay {event selected/8918} | htemp
Entries 8918 Entries 8918
- Mean 0.08567 Mean 0.391
09 RMS 0.2799 06l RMS 0.488
0.8 B
0.7 0.55—
0.6— B
0.5 0.5
0.4 B
0.3 0.45
0.2 -
0.1 0.4
— 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I I 1 I 1 1 1 I 1 1 1 I 1 I IIIIII 1 1 1
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
ptMax_W_semilept_decay ptMax_b_semilept_decay

e fraction of events with semi leptonic e fraction of events with semi leptonic
decays of W daughter quark b decays
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W influence of jet pt cut for dR min W

8 500 ptMax_W_mass_closest_true | ptMax_W_mass_closest_200 g - ptMax_W_mass_closest_true | ptMax_W_mass_closest_200
= : Entries 820 | Entries 10811 E 400— Entries 600 | Entries 8695
c B Mean 77.75 | Mean 70.1 c - Mean 76.46 | Mean 7421
w - RMS 17.14 | RMS 34.07 w C RMS 17.27 | RMS 34.62
400f— X2 I ndf 21.7/32 | X2/ ndf 87.19/43 350 X I ndf 12.46/29 | X2/ ndf 55.6/43
- Prob 0.9151 | Prob 7.797e-05 - Prob 0.9968 | Prob 0.09424
I~ Constant 101.8+5.5 [ Constant 157.3+ 13.5 300 — Constant 72.62+ 4.65 | Constant 153.1+ 12.2
I~ S 78.89+0.38 | M 76.92+ 0.76 - K 78.46+ 047 | M 77.52+0.71
B o 8.328+0371 [ O 7.746 + 0.786 - o 8.403+0.456 | O 7.929+0.734
300[— Cr, 287240368 | Cr, 1765+ 2.4 250— G, 2501+ 0.357 | Cr, 132.8+2.1
B c, -1834+0481 | Cr, 1865+ 35 - c, 14720498 | Cr, 1237429
L C:, -1.325+ 0476 | Cr, -26.41% 3.92 - ., -0.8341+ 0.4839 | Cr, -42.46 + 3.32
- © 201640562 | Cr, 76.8+4.1 200 c, 1.663+ 0505 | Cr, 67.47 + 3.56
200— c -0.8077 + 04826 | Cr, -38.71+ 2.59 - C, -1.071x 0.408 | Cr, -29.82+ 2.31
L 150
- 100
100— -
L 50—
0_| .I_._..lLuuluuz/:H\T'_ O:I IlI__l__llIlllIlJ_AH\T,_
0 40 60 80 100 120 140 160 180 200 0 60 80 100 120 140 160 180 200
Reconstructed mass [GeV] Reconstructed mass [GeV]
. . .
2 F s e [P e e e W now with 3 different jet-pt
= - Entries 590 | Entries 6480
E 300— Mean 80.3 | Mean 79.14 . .
: lection cuts 3 jets 30/40/50 (top
- oo | oot s selection Cuts els 0]
250 - Prob 0896 | Prob 0.8404 .
.
- left / right / bottom) + 1 jet 20 GeV
~ u 79.92+0.41 | K 78.97 £ 0.72 e r I g O O + J e e
- o 8.007+0.388 | O 7.853+ 0.725
200[— Cr, 1726+ 0310 | Cp, 92.74+1.24
- © -0.5638 + 0.4426 | Cr, -71.68+ 1.84
C C:, -0.5422+ 0.4444 | Cp -46.91+ 2,62
150— c 06811+ 0.4723 | Cr, 51.21+2.80
C c 0.3736 + 0.4538 | C, -18.65 + 1.90 t ‘t 3 O 40 5 O
100[—
s0F- 1 mean 76.92 | 77.52 | 78.97
] e matched | 78.89 | 78.46 | 79.92
1
% 100 120 140 160 180 200 aicne . . .
Reconstructed mass [GeV]
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top influence of sample

% o ptMax_top_mass_true | ptMax_top_mass_500 8 - ptMax_top_mass_true | ptMax_top_mass_500
E 350 — Entries 887 | Entries 5560 E 2000 = Entries 5422 | Entries 31920
e I Mean 164.8 | Mean 193.1 e - Mean 169.8 | Mean 184.7
w - RMS 21.22 | RMS 83.35 W 1800 RMS 23.29 | RMS 74.86
300— X2/ ndf 12.3/19 | X*/ ndf 43.19/27 C X2/ ndf 48.68/26 | x?/ndf 69.54 /27
- Prob 0.8722 | Prob 0.02505 1600— Prob 0.004508 | Prob 1.304e-05
- Constant 137.2+ 6.4 | Constant 1853+ 11.9 - Constant 8085+ 15.3 | Constant 1128+ 30.9
250— 1661+ 06 | M 1624+ 1.1 1400— H 171.1:0.3 | H 166+ 0.5
C 153+ 06 | O 18.31+ 1.60 - o 15894024 | O 20.31+ 0.65
- T 1604+ 0577 | Cr, 85.15+ 3.33 1200 Cr, 112+10 | G5, 484.4+9.1
200 T, 0.1294 + 0.5664 | Cr, -17.06 + 2.53 C S, -5.95+0.80 | Cr, -137.1% 6.1
C T, -2.484+ 0958 | Cr, -55.56 + 4.26 1000 C., -11.63+ 1.60 | Cr, -3233+11.8
- T 2.639+0.908 | Cr, 35.73+ 3.32 - C,, 11:13 | Gy, 2238+8.1
150 T, -1.169x 0.880 | Cr, -9.09+ 2.98 800 G, 2,698+ 1.055 | Cr, -58.5+7.9
100[— 600 C
- 400[— / \
50— My - ‘ e
- M o L\"‘—\ﬁﬂ_’_"
O_IIII IL\‘ IIIIIIII IIIIIIIIIIIIlIIIIIIIIIIIIII o_llll Iy IIIIIIIII ILIIIIIILI_LIIIIJIIII 1 1 1
0 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500

Reconstructed mass [GeV] Reconstructed mass [GeV]

e sample mc08.005568 e sample mc08.105200
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quark sorting

|_g1_pdgID {q1_pdgID<7&&q1l_pdgID'=0} |eme " mms temmes—ms| |_92_pt {q2_pt>0} |

Mean 0.04137 | Mean 0.4791
— RMS 3.166 | RMS 2.238 ~
3000 - G Jo
r - Entries 13346
- 1000_— Mean 7.321e+04
2500[— H RMS  5.417e+04
C - 2 pt
- I Entrieqs - 13346
2000(— B
- ~ Mean 6.496e+04
- 600H RMS 5.141e+04
1500[— T
1000 aoopr
500[— 200
s N A B i TS N B R 4 1o
-5 0 100 200 300 400 500 600

| bhadr_reco_jet_dR {bhadr_reco_jet dR>0} |
10*

= gl reco_jet_ dR | g2 reco_jet dR
Entries 19308 || Entries 19320
Mean 1.391 || Mean 1.762
RMS 1.22 || RMS 1.268
bhadr_reco_jet_dR
Entries 19320
Mean 2.003
RMS 1.22

10?

10

SRR X %

1 2 3 4 5 6 7

,_\
© T
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