Z->bb Studies / Overview

® Objective:

5 Underflow 1]

: w j - _ histos 2
Find a good way of determining the 4000 - Double -tag ged e 2067
64C@f0und to Z'>66¢ 3500 E / data ::Iasn :Z::

Must be determined from data! .

Overflow 42
®  Last week: 2500 background" -
2000 - :
— reviewed the TRF method soof | Z->bb MC
— compared peak in d(phi)>2.9 to <2.9 000 | Normalizedto =
— tested it on some Pass2 data (100/pb) i P CrO_SS section um |
o) N i S s PR NP TN N [
— showed a sneak peak of the full Pass2 data set RN R n:.:{(lGe\?;J ’
(no pun intended!)
® This week; We're trying to pull a signal
out of a HUGE background
—  Full Pass2 data set / §

with low systematics... !!!
— Some cross checks with MC samples

— Cross-check with 0-1 tag TRF
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A Heavy 2-jet Dataset

® ['mplaying around with the following dataset:

— "BID’ skim — PASS2

® Loosemu, pT >4 GeV « Cuts:
® Matched to JCCB jet, dR < .7 x No Bad Lum Block
— 9ES 5.3 (results shown include mu corrections) « Jet Quality Cuts

« Taggable jets

= I .
M events -> higgs_multijet rootuples Exactly 2 good, taggable,

>

— ~300/pb ? | jets with (corrected)
— Many triggers are overlapped pT>20 GeV
~ » Good primary vertex
® MC: Pass2 -> (>=4 tracks)
~ « Often separate by d(phi)
— 200K Z->bb

of the jets, >< 2.9
— ~200K bb (direct- Pythia, pT>40GeTV)
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A TRF-based Method

1. Select a di-jet data sample with a leading b-tag s histos_1
and d(phi)>2.9 B Entries 268510
14000 | ° Mean 121
2. Calculate the TRF : o0l o RMS 50.55
prob. to tag the second jet, - “*  Underflow 0
as a func. of pT, 3 eta regions oo % Overflow 36
4000 |- k
3. Apply the TRF back to the same single-tag sample ol

and then make these corrections : H ‘ letal<1.1
(discussed later...) v ¥ ++ . * tletal<1.5,>1.1
4. Correct TRF for Z in single-tag sample 0.1} «% e | (1Ml letal<2.5,>1.5
. 0.08 — dmﬁ H+ “"':{ I Rl | ‘
5. Compare to d(phi)<2.9 sample 006; :# ) { 1011147 H |
06 - N
6. Compare to shift from 0->1 tag sample ool  ' g | T ol 1| LT 1
; 4l !
o ] | | | ‘I ‘ A |

0" "20 a0 6080 100 120 140 160 180 200
b-tagged Jet E; (GeV)

Andy Haas
Qt} (COLUMBIA |UNIVERSITY Do Higes Multijet Meeting Slide 3

IN THE CITY OF NEW YORK January 27, 2005




L histos_2
TRF Method (cont.) wol e
L : Mean 107.5
soo[ Data . e e
® What were the assumptions? " Background i P
— There's no Z->bb in the single-tag sample [
400 |
® Wrong, but we can correct for this! _ @
200 ;
® Use measured Z-peak to remove its S I B "7 S A R
contribution from the original TRFs T 7 e T T T
® Turns out to be a small correction
100F : L.t S
[ : N\ ° : : ntries -
of || Difference wean 140.7
: : : : : RMS B81.36
L Y| ¢ 215Events: Underflow 0
or .. Overflow 2.012
— Inv. mass spectrum of the cc/bb backgroundis x| (;}auss}an Flt G 7402260
the same as that of the light QCD background SIS 1 I ;;f:a | 57;59129:220";;
® This depletion indicates a shift of - ,m*** -..w*w-‘
® We can correct for this by: - Ny '
— comparing to the d(phi)<2.9 data sample g '
— looking at the shift from the 0->1 tag B0F Vo | | | | |
Spectra in data :I 1 1 | 1111 | I - | L 11| | I - | I - | - | I - | I -

50 100 150 200 250 300 350 400

m,, (GeV)
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“

Z TRF Correction

® [Initial Z peak measured in data T nistes2
: .. 008 |- F mcllon 0 Z->bb w830
® (et ratio of Z peaKk size in single/double-tag ol | in single- tcj: gged e e
Z'>56 MC {~6.5) . :_ l : Overﬁow 9.3282
004 ;_"’_ data sample ' :
® Scale initial Z peak bacK to the amount of s - -
Z->bb expected in the single-tagged data
oL
® Re-calculate the TRF after subtracting ok -
expected single-tagged Z peak from the ? (@)
Sin o 120 istos
gle-tagged data e
' 100 | Mean 119.8
® Re-apply the new TRF to the single-tagged Bf Underfiow s
4 Overflow 2,012
ata 60r 21 ndf 63.96 /48
Mean 75951221
® The peaKk is not shifted very much sigma 6881228
> |
— This is confirmed by following MC
simulations of this correction
% T
my, (GeV)
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& Comparison to d(phi)<2.9 Data

® There is less Z->bb (lower S/B) in [
d(phi)<2.9 data =1

—  Z->bb peak should be smaller 1%
— Background effects, like from > 0f

%lll O T, O

differences in the bb/cc vs. QCD inwv. .
ﬁ[ oo

mass spectrum, should not be reduced

50

L 1 1 1 1 1 1 L 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 50 100 150 200 250 300

®  We can use the difference in shape _ M, (GeV)
between the d(phi)><2.9 cut to correct 250 - 2indt 1744115
for background biases... 200 - Constant 1144262
150 f Mean 81.75+ 0.40
— ‘This is the difference between the two 100 Sloma  8:999:20:280
d(phi) cuts —
— The result is still consistent with :
50 L
Z->bb MC :
-100 |
— ‘But statistics aren't great this way... asof b
since we subtracted off Z->bb signal! 0 50 foo Mmooz oS00
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(6) 0->1 Tag Invariant Mass Spectra

70000

histos_1
Entries 909770

® [nuvestigate the single b-tagged data sample

60000 -

—  Not much contamination from Z->bb there :
50000 -

: ] Background from TRF
— Much less bb there as well ok / ackground from

® Compare to slide 9: 10% bb, instead of 50% soo00-

® Starts out around 1% in untagged data 20000 - bb MC (pT>40 GeV)

Z->bb MC

® FEach b-tag application increases bb/QCD by 10000
about a factor of ~5-10 oligl e

® Background from ‘random” tagging can be estimated

in the same way as for 1->2 tags zzzz 4 1-tag sample
— Calculate a TRF, derived on the 0-tag sample TZZ | JH Diff (data-background)
— Apply to the 0-tag sample 10002— t 255 MC
® The difference shows the same behavior as the bias 502_ l+++ e
we saw before in the 1->2 tag TRF comparison 1222 ? Lﬁw
— ‘This is not due to Z->bb, which would be small TR W ('6:;\:':)0
Andy Haas
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Subtracting the 0->1 Tag Spectrum

®  We actually used this fact to correct the
bacKground to Z->bb in the past!
(see my ADM talk of May. 03)

250 |

® (Compare:

— 0->1 tayg difference (solid circles)

(scaled to the number of 2-tag / 1-tag events)

-100 [

— 0->1 tay difference correcting for Z->bb in

single-tag sample using MC

(scaled to the number of 2-tag / 1-tag events) 20

— The 1->2 tag difference (open circles)

® The real Z->bb peak is the difference between the
1->2 tag difference and the 0->1 tag difference...

— Resulting fit is consistent with MC,
within statistical errors!

400 F, |

200 F
150 |

100 [

-50 |

ij T +++L % %ﬂ ﬁﬁ S i s Pt

?‘T"P

?IT#

L - | L L L | | - L | - Ll | L - L | | - L | - - |
100 150 200 250 300 350 400
my, (GeV)

200 f
150 |
100

50 |

-50 |

2 I ndf 15.18 /13
Constant 184.3+52.8
Mean 79.32+ 3.03
Sigma  8.807 +3.494

+ Diff
Z->bb MC

L L L L L 1 L L | L 1 L L
50 100 150
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MC Cross-checKks

Double-tag Data
Entries 40286

® Suyong made a very good suggestion last week.
that we try to test the method on MC samples

3000

2500 —
— This is slightly difficult, because large statistics :
of QCD MC are not available
(we would need ~1 million events) 1500

® First investigate what the bb MC looKs liKe:

2000

1000

500

— The effect of the pT>40 Ge'V parton cut is clearly

! [ R | '-ﬁ"""e"
50 100 150 200 250 300

seer my, (GeV)
— ‘Basic shape and normalization looK good ; histos_14250
04 Entries 42535
® Calculate the bb MC TRF T o3 e +++++++++ b g e m;.z
(][OT tﬁe 3eta Tegions) 0.3 _ + +++++ +T+ '“ ™ | Overfiow 05742
0.25 E + ++++ ++$+ at +||| #ﬂT ‘ ‘ +
: ul, 4 il | H |
02F | . l' “ ‘
045 _
0.1 f— ‘
S 20 a0 e0 8o 100 120 140
Jet E; (GeV)
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® Apply the TRF back to the bb MC

MC Cross-checKks

®  We get bacK the same thing

(within statistical errors)

OX; so at least there's no big buyg in the TRF
code! :)

1600 F
r histos_2
1400 L Entries 10796
L Mean 107.4
1200 L RMS 30.49
Underflow 0
1000 L Overflow 1}

800
600 |
400 |

200 |

Data

I | I I I
100

I | I I 1 I |
150

m,, (GeV)
100F hlstos 2
80 | - wr
60 f tox 1
20 F % v e
0F V\;Jw’.“l & ‘ ‘| N ‘ll(H') ﬂ) ‘ +¢¢¢¢r¢¢q
-20 {ﬂ’ o TT (% T % ﬁ}{#
a0f .
eof Difference
80|
~— %0 100 150 200 2%
m,, (GeV)
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MC Cross-checKs

® We want to test the Z->bb TRF 1200f y bi_pt_ota0
correction... 1000 [ f H+ o s05
800 — Jrjr b g:::ﬂ.—::w 2
) 600 [ I t
® LooK at the pT spectra of the b-jets in bb vs. N
- f
Z->bb events - |
N + ++++
— Note how Z->bb influences mostly lower pT R T T
jetS; as expected 0 20 40 60 80 100 120 1;?aggl30JEt‘ll::l:Ge\2f;]0
045 _ bh b1_divided_pt_e a;l
® (Calculate the TRF for the Z->bb 04t Z->bb [
035 0
— Compared to the bb, it's very similar ol 0
(the plot is for the | eta | <1.1 TRF) > st
— There are differences for jets far from the Z i
peak... weird events? beE
0.1}
B T R R R
b-tagged Jet E; (GeV)
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MC Cross-checKks

®  Here's the simulated data (points), made from _Monte Carlo 1!

Z->bb plus the bb. oo

® Background is calculated from 8000
bb scaled six times + Z->bb :
without the Z TRF correction

laoo | ¥% | ndf 764/ 11
Constant 1191+ 210.2
Mean 80.53+1.84

Sigma 8.413+1.595

6000 |

4000 |
— We scale the bb by six to simulate the ratio '

of “QCD" to Z->bb in the single-tag data 2000 |
sample where TRFs are calculated

. o A |||||||..I.........
® The difference is also shown, it works! 50 100 750 200 250 300

1500 [ 121 ndf 9.163 /21

Constant 1223 + 199.7

® Now go back and do the Z TRF correction: il o s
— ‘The peaKk_is not shifted very much - 7
Df Wﬁ’%" :
I IS‘D‘ — I1$0‘ = I1é0‘ = I280‘ = IZQU‘ Imlm(lgég)
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Summary

® The full Pass2 data set has been analyzed, roughly 300/pb, 90M events!
® Some checks have been performed on the TRF methods using MC samples

— ‘The method is internally consistent in simulations, so far...
—  Could do more:
® Add/subtract MC Z->bb peak from data... see what happens?
® Try QCD (light-jet) MC?
® The QCD to bb inv. mass spectrum bias is similar in the 0->1 tag samples

— Can be used to understand the shape of the bb background to Z->bb!

® More work...

— What are the systematic errors involved?

® How dependent are the results on the exact TRF method used?

— ‘Bin sizes, number of eta regions, etc. ???

— Whats the trig. eff. for Z->bb, averaged over all Pass2 data?

® Can we use the Andre trick ? : (see last weeKs talk.,..)
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