Flavor Tagging

what Is going on, is there room to contribute?
Where?

Alessandro Cerri, LBNL
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B, = D wt : eD?

Same-Side Kaon 4.2%
p tag 1.0%
e tag 0.7%
Jet Charge 3.0%
Opp.-Side Kaon 2.4%
Total (correl. small) | 11.3%
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Tagging

Barry Wicklund, Matthew Jones, Denys Usynin, Joe Kroll, Vivek Tiwari, Gavril Giurgiu, Guillelmo Gomez-
Ceballos, Sasha Rakitin, Ilya Kravchenko, Ivan Vila, Alberto Ruiz, Jonatan Piedra, Marcin Wolter, Nuno

Leonardo, Tania Moulik

e To some degree, each of these can be developed and

checked on the semileptonic sample:

— Soft muon

— Soft electron

- Jet Charge

- OSK

- Same Side /
« We have blessed results for:

— Soft muon

- SST
e SeT is still almost there
e JQT: optimized cuts. Still struggling with MC
e First tagger tests ran on J/YK and D%
e OSK still very naive
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muon raw D.% e, %
IMU 43+ 9 0.18 £0.02
CMX 22+5 0.59 4+ 0.03
CMUonly | 13+4 |1.204+0.05
CMPonly | 207 |0.361+0.03
CMUP 275 0.62 £ 0.03
Any 202125292 £0.07
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Sample Composition

M. Jones, J. Kroll, A. Wicklund, D. Usynin

e Starting point for tagging studies: know your
sample (how much b? ® effective dilution)
e Use signed lepton d,
e Take cc and bb model from MC templates
e Residual background model from [4,5] GeV
region + prompt component
e Simultaneous fit:
NQDDD_ |
zi E Data 8(SVT)=0 - 3(SVT)<0 ot SVT
gwo__ M s component | 0 — 4 GeV/ ?
¢ L fw ' | b— ¢ 3290 + 21 pb
Hooor- M c—+ ¥ 1234 + 23
C 1 prompt 1018 & 50
50 N . symmetric | 382 £ 26
0_—.|....|....|....|....|....|....|.....|'....|..’.'.'l
0 0.5 1 1.5 2 25 3 35 4 45 25
Mfu SVTl (GeVie ™)
+0.014

Dﬂuh =

4!' 0.641 + 0.002 (stat)

 0.641 £ 0.002 (stat)

—0.023
+0.022

0037 (8yst)

(syst) p+SVT
e+ SVT




Prompt charm pollution

e Lifetime riddle tells us that:

— Background is responsible
e It has a resonant structure in the D mass
e Has significantly shorter lifetime source than B

 Not unlikely that | is fake a significant fraction
of the times

- As Is, not good for tagging!

- We can remove this background in a very
easy way.

Lxy>500mm
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SeTl

V. Tiwari, G. Giurgiu, M. Paulini, J. Russ, B. Wicklund, T. Moulik

L]

F — Electrons
« Two approaches so far: S . Pions
— Cut on electron ID il
- Build a likelihood and weight ' - ]
- . i -lr-"'-'-"-l-"'-Jﬁ_,,Jl_Jl_EF:!-L["-’:I__‘“..IL.P””IILJII
 Improve efficiency B [T
e EXxploit the full rejection S
. 0 0.2 0.4 0.6 0.8 1
power Of eld e Efficiency for Electrons and Fakes
Likelihhod based, vs L lower cut L> [ 6,(%) | €o%) | €/€x
A 0.01 48 100 2.1
- D 0.05 38 99 2.6
[ eD*2iIn%vscutonlL |
: 0.10 33 99 3.0
? 0.15 28 98 35
S~ 020 | 26 97 3.7
Nl 050 | 16 94 5.9
0O 070 | 11 89 8.1
(b 0.90 5 75 15.0

Table 1: Efficiencies of the cuts on L for pure

“Cut based” X (L3 X) electrons and pions.
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L-based SeT performance (cont'd)

V. Tiwari, G. Giurgiu, M. Paulini, J. Russ, B. Wicklund, T. Moulik

e Binning in pp¢!

— Choose the cut on likelihood, L > 0.15 and bin

in pTreE.

pr | OS/SS e(%) D(%) eD*(%)
0.0 91/59 0.251 £ 0.025 21.33 £ 10.03 0.011 £ 0.011
0.0-0.4 55/22 0.129 £+ 0.021 42.86 £ 17.26 0.024 £ 0.019
0.4-0.7 70/66 0.227 £ 0.025 02.94 £+ 10.86 0.000 £ 0.001
0.7-1.0 78/60 0.230 £ 0.024 13.04 £+ 10.70 0.004 £ 0.006
1.0-15 122 /56 0.297 £ 0.024 37.08 £ 09.07 0.041 £ 0.020
1.5-2.0 77/28 0.175 £ 0.020 46.67 £ 10.64 0.038 £ 0.018
> 2.0 61/28 0.149 £ 0.020 37.08 £12.85 0.020 £ 0.014
Sum 554/319 1.458 £ 0.062 0.138 £ 0.038
Avg 554/319 1.458 £+ 0.062 26.92 £ 04.21 0.106 £ 0.033
Cuts 318/183 0.837 4+ 0.046 26.95 + 05.46 0.061 £ 0.025

Table 2: ¢, D and eD? in % after binning in pp™¢
with the cut L > 0.15 for the 8 variables case. Also
shown are the average numbers from the likelihood
and the cut-based approaches without binning in

rel

pr
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- The total raw eD? after binning in pr™ =
0.180 + 0.043.

- Correcting for trigger side dilution and
sequential decays using Dy, = 0.6412 +
0.0015, we get eD? — 0.438 + 0.105 % for
a total efficiency, e = 1.927 £ 0.072 %.

- Run
eD? =

om CDF note 3809, corrected

0.34 =+ 0.08 % (with dE/dz).

Please note:

There are several other
very nice works in
progress!
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SNT §

M. Jones, J. Kroll, A. Wicklund, D. Usynin V. Tiwari, G. Giurgiu, M. Paulini, 3. Russ, B. Wicklund

«Compared to electrons: S ——— S
= po 0.3485 + 0.07033
. . 06" p1 0.09855 + 0.3363
eHigher purity :
eLess handles to ;
discriminate fakes 02"
D.IE
“Natural” fakes from EE
decays in flight D S R
[ muon raw D% | € % [ muon raw D% | e, %
IMU | 30 £11 |0.20 +0.02 IMU 399 [0.23+0.02
CMX 2% +7 |0.57+0.04 CMX 21+6 |0.60+0.04
CMUonly | 1246 |0.89+0.05 CMUonly| 945 |0.90+0.05
CMP only | 154+9 |0.324+0.03 CMP only | 16 +8 |0.334+0.03
CMUP | 3746 |0.5440.04 CMUP | 2545 |0.59+0.03
Any 22+3 [2.524+0.08 Any 19+3 |2.62+£0.08

A likelihood-based approach is being developed (?)
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Comparisons

Blessed: [ eSVT+uSVT samples: raw dilution vs p, _(1)  idf 237273
2 [ 0736 £0122% p+ SV 07 5 O ...
' 0583 +£0134% e+ SVT, 0s[ p1 0.2405 + 0.109
05
Updated: 2
04f-
o 0576 +0.056% p+ SVT caf
' 0515+ 0.061% e+SVT: [ 1
02—
Old 64pb run range, with 5.1 data: "'1:
2 [0680£0.092% p+ SVI °F
10640 L0090% e+SVT: ot i o e e
P1 i), GeV

Run 1: 0.584+0.082 % (M. Peters & co.)
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JOT w

Ilya Kravchenko

eExercising in a full-fledged data/MC

comparison [ID9]

.

«Still significant discrepancies in the
montecarlo: needs tuning!
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JOQT tuning

ecach point: a set of cuts

*full plot runs from 0 to 2559
epart with the best point shown

*optimal set: point 273
¢ dem = 1.0 dR¢jm

®* dOsigpl= 0.0

—

e ptplmx = 0.5

dOsi1gp2
ptp2mx

0.7

1.0
1.2

*notice: high SecVitx efficiency
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JQT tuning: detalls

Tuned parameters:
edR.,=1{0.7,09,1.2,1.5}
-dem = {0.8,1.0,1.2,1.5}
® dOsigp1={0.0,1.0,2.0,3.0}
® d0sigp2={0.0,1.0,2.0,3.0}
* ptplmx={0.5,1.2,2.0,3.0}
* ptp2mx={0.5,1.2,2.0,3.0}

Scan strategy:
* try all points of 6D grid
* keep dRclm<dRjm
* total 2560 sets to explore

CDF Italia, 2004/3/25

Fixed parameters of JQT:

* pttrack 0.4 GeV min
* ptseed 1.0 GeV min
e dR;,, 0.7

* ptcutpl 0.4 GeV min
¢ ptcutp2 0.4 GeV min
e atcutpl 3.0 max
eLxy 3.0 min

* plptupgradep?2 false
* 3D vertexing false

Alessandro Cerri, LBNL



Run 1 comparison

Run I numbers, again, on 8 GeV lepton 4 vertex:

e average D (cdf4847): eD? =0.46 + 0.09%

o use D(Q,¢)(cdf4315): eD? = 0.78 &+ 0.15%

More details on Run II numbers with Run I cuts:
e NO cut on P(u)

tag type e % | ,D,% eD°, %

events with Secvix jet 3.4 2081+1.4 | 0.1451+0.0149

events with no SecWVix jet | 27.1 7.21+0.5 0.13940.019

combined 30.5 S 0.284+0.027
e with cut Pi(u) > 8GeV

tag type e, % , D, % eD?, %

events with Secvix jet 4.4 hetl 3 | 0.3191+0.064

events with no SecWvix jet | 34.2 6.31+1.0 :
combined 39.1 — A554+0.077
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JOT 2004

*Got In the phase of “systematic” studies
«Still open issues:
«X3 discrepancy in D predictions between data & MC
*Revise SecVtx tuning?
eHow much is LOO helping?
My favorite topics (1.e. my interests):
*“Refurbished” vertexing
Merging with PID
*Naive, single track

Full blown likelihood-based (rewarding but tough!)
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S ; I CODF Run |l Preliminary B" = Jhy K"

] Right Sign, 376 £ 25 events
Gerry Bauer, Guillelmo Gomez-Ceballos, Ilya Kravcenko, . Wrong Sign, 253 + 19 events

Nuno Leonardo, Cristoph Paus, Jonatan Piedra,
Sasha Rakitin, Alberto Ruiz, Ivan Vila

Run I-like algorithm has been
Implemented:

*DR<0.7, P1>0.4 ARG
*|dy/s|<3.0 IR )

w' w KT invariant mass [GeV]

8

Number of entries / 10 MeV

eMinimum P el

CDF Run |l Preliminary B* — D° =+

Right Sign, 563 + 31 events

*Results are checked on two samples: W) ik
B*® y K*
OB+® D0p+

Number of entries / 10 MeV

eEncouraging results, working on a large
statistics study (e.g. ID°) 0

4.6 4.8 5 5.2 54 56
K™ o x* invarant mass [GaV]
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SST (cont'd)

BT = J/wKT
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0.3

0.2

Asymmetry
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Bt 5 D%t

0.4
| ‘ 2 0.3]
| g ;
| E 02 L+
T | = 1 i
& 0.1
0 i
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B transverse momentum [GeV] B transverse momentum [GeV]
0.3 |
1
Fa ] * |
o 021 :
+ E |
0.1
&3’:‘ ,
I 1
-0.1
0 0.1 0.2 o 0.05 0.1 .15 0.2
Proper decay length [cm] Froper decay length [cm)]
Nrs Nws € D e D?
JiHKY | 376 £25 253 £19 379 £23 | 624 £18 197 49 24 112
D%t 563 +31 396 £+26 588 +27 | 62015 174 41 19 +09
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SST 2004

T J/YKT Bt — D%t
- N(J/YK™) = 2855 £ 60 - N(Dt) = 2751 £ 64
sst all events sst all events
800
1600 **/NDF = 2569.0/194 %*/NDF = 411.7/185
" Prob = 0.00 % ﬁ Prob =0.00 %
g 2855 + 60 candidates 2 1 2751 + 64 candidates
= M =5.278 + 0.000 GeV = 600 M =5.274 + 0.000 GeV
o c=12.81£0.3 MeV ) c=17.8£ 0.4 MeV
N N ‘
2 2
E —_ E 400 - +
B B
8 3
W 200 R
E »‘*a | 5
w‘ﬁwl £ ‘H%‘“@M
0 T  E— — — I 0 : : : A :
5 5.5 6 6.5 5 55 6 6.5
K+ p* invariant mass [GeV/c’] K" 1 x5, invariant mass [GeWcz]
Decay € (%) D (%) eD? (%)

Bt 5 JZ@“JK"‘ 6254+09 190+23 23+06
Bt - D7t |630+£09 208+24 27+06
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SST 2004 cont'd

eReasonable agreement with Run I

e acking a more systematic approach than just
“cut and try”:

MC tuning
«Cut optimization
eTagger calibration
eBenchmark on semileptonics
eCompare with TTT
eUnderstand differences (trigger biases?)
Combine with PID?

CDF Italia, 2004/3/25 Alessandro Cerri, LBNL



OSK: TOF

J. Piedra, A. Ruiz, 1. Vila, M. Wolter and Ch. Paus

e D eD?
(%) (%) (%)
100% eff., | 12.2+0.3 30.6x2.9 1.1440.25
110ps
GEANT 110ps | 101#0.3 28.41+3.2 0.81+0.21
GEANT, e=0.8 | 11.240.3 26.8+3.8 0.81£0.2
t, truth
GEANT | 11.2+0.3 23.9+3.0 0.64+0.18
GEANT 65% | 9.4%0.3 27.0£3.3 0.68+0.19
eff.

First naive attempts on data:

CDF Italia, 2004/3/25

e =4.34 £ 0.41%
D=1743%+9.43%
eD* =0.13+0.16%
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OSK 2004

e TOF reconstruction/simulation are
getting better

 \We need an effort:
- Aggressive
- Systematic
— Goal-oriented
— Quick and responsive
My favorite direction: merging with
smart vertexing and JOT (see JQT
slide)
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Beyond the Baseline

e “Same tags, new samples”: tagging-enhanced samples:

- Hadronic+TOF hit(track) \ L1 already knows
— Hadronic+away side track which XET tracks

 How soft? . Al
« Displaced? +~—___ |Bring the ave Its!

 TOF-tagged information
e Lepton? @ L27

— Hadronic+same side track
e How soft?

- TOF-tagged? Toggng caregory | & (%) W) Qs
T T - Lepton 109+0.3 B9+13 74+05
- Replace had ronic Wlth Kaon 358+05 1I76+10 150+09
an thln ’ |n rlnC| |e NT1 7.8+03 220+2.1 25+04
y g p p MNTZ2 138+0.3 351+19 12+0.3
e “New tags" ALL 684+07 261+12

— Opposite side charm!
e Ultra-low momentum tracking is crucial! (D*® (Kp)p*)
e Also PID could help (D*® (Kp)p™)?
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Conclusions

By, = D 7wt : eD?

Same-Side Kaon
p tag

e tag

Jet Charge
Opp.-Side Kaon

4.2%
1.0%
0.7%
3.0%
2.4%

Total (correl. small)

11.3%

CDF Italia, 2004/3/25

0%
0.55%
0.3%
0.4%

0.13%
NI

f
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Where Is the room?

Qverall;

«So far effort concentrated on reproducing Run 1 results, can we go
beyond?

CDF Italia,

eExtended coverage
eStandalone Si tracks
*Plug detectors for leptons
Montecarlo tuning
eDetector understanding
eImprove physics modeling
Improved/Alternative taggers
*OSK
*SSK
*“merged” taggers

*The best tagger is without cuts
2004/3/25
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