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Outline

Brief summary of data processing and b-tagging in data

Z->bb background in the Higgs multi-jet analysis
Qualitative signs in the multi-jet data sample

The importance of Z->bb for Runl 1 physics
Some facts, history, and previous studies / analyses

Quantifying the signal in muon-jet events
Details of the data sample / discussion on triggering
Various methods of background subtraction
Comparison with Monte Carlo

Testing the signal by varying cuts, jet corrections,
triggers, b-taggers, and fitting methods
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Data Processing / b-Tagging
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b-Tagging Tight / Loose

Muon-tagged Jets (p>40 GeV, |eta|<1.2) All Jets (Jetal<1.2)
. i b_csip_pt_divided
— 0.07— Entries 102
- = n
e +++ - Fas by
10— 17% ++ i ;I‘;I;ten:L 003166 iﬂf(ﬁ:;::
- 9% T o e
2 Track SV "M~ T
B B s ol _1_ |‘|‘—l— |-l~|+ ‘HW |
B — 0.03— = T I—I—T T ‘\> “>
—_i_2|% _'_ i —|—+ ] e 0.02— ‘\>
—+ N 0.01—
bt o |
P T I T ST P P B T 35205030300 320340 960 480 205 220
)] 0.5 1 1.5 2 25 3 l Jet E; (JES - GeV)
NPy
D.01—
10 - -
- +++_'__'__|__'_—|— _|_+ + 0.008—
[ 8% -+ + - o P ' 1L
- 3% 0.006— = T J(
T - - Mt L i
- T 3 Track SV [ J(
- — 0.004—
o, T T ;- +
i | + i n.002— __
10 BB C %
EI |||||||||||||| ||| G |||||| D_III|III|IIIIIII|III|III|III|III|III|III|I
0 0.5 1 15 P 55 3 r 1] 20 40 B0 80 100 120 140 .]SII:JET EIJSé)S_éDe[{”

np;

Andy Haas - UW Physics May 23, 2003 Slide 4



Multi—jet Data Sample

Rifi 1EB0ET Eucnt TMELEOT Mad Ja 18 17:2i:0e 200

Trigger: e .
CIT(4,5) N \\ !
L2J(3,8), L2HT(50)
L3J(3,15)

Skimmed:

Recoed with p13.04-06

3 JCCB jets > 15 GeV

1 JCCB jet > 20 GeV

53 pb-! and 11.3 million events
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CDF Run 1 - Preliminary
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Fit the double-tagged invariant mass spectrum to a sum of backgrounds:

QCD - Heavy Flavor
Shape estimated from b-tagging kinematic corrections to the single-tagged sample
Normalization left a free parameter (bbjj cross-section poorly known...)

Fake double-tag fraction estimated from fake-tag rates and kinematics

Z->bb and tt backgrounds are included from Monte Carlo normalized to the
relatively well-known cross-sections

Know to expect Z->bb background from CDF Run I analysis
We verify the qualitative observation of Z->bb background

DO Run lla - Preliminary
. Multi-jet Sample - 53pb-!
d_ 2 Tight-3track-SV tags

MO1_2biag

Entries
Mean
RMS

¥ [ ndt
acob
Zbb
01-Cor

2163

127.8

56.32

66.22/ 40

0.02622 +0.0009773
3.13 £ 08451
-0.003995 + 0.01064
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OCD HF Subtraction

. . - M01_2btag
Z -> bb peak is very wide 0 Entries 70599
[= Mean 1314
Not always plotting the invariant mass % RMS 67.18
of the jets which came from the Z 50 e e e
40— Mean 1043 + 4.631
= Sigma 27.08 +3.516
30—
0
=
A0E
= oo 1 w5 [ 1 % T = 4 5 [ 4 1
1] 50 100 150 200 2350 300 350 #10“
Maybe clearer to plot the invariant o — m—
mass of the leading two b-tagged jets Ho o
= - ¥ ndf a2/ 11
See evidence of a peak corresponding ® o Jnaiaa
to where we expect Z->bb to be e
150
Background is much more difficult to
estimate (use a parameterization) 100
High-statistics bb+jet Monte Carlo
would be necessary 50
_+. _uJN_. sl _T_HI'*‘*:T_'*:*T*——-—-H_.J_._ s |
DD 50 100 150 200 250 300 350 400

mbb
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Why do we need Z->bb ?

The Z->bb peak is a ‘standard candle’ for b-jets

Measure b-jet energy scale
Reduce final Run I'la uncertainty on m, from 2.7 -> 1.6 GeV

Measure b-jet energy resolution
Crucial for placing limits on Higgs production (with H->bb)

Measure b-jet tagging efficiency, fake rate
And kinematic dependence... vs. p;, vs. eta...

Observing and measuring the Z->bb decay proves that
tools used to look for the Higgs really work!
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Z->bb Facts and Previous Studies

Cross-sections:
QCD, pT>20 GeV = 35,000,000 nb
bb, pT>20 GeV = 100,000 nb
Z->bb (4.594 x Z->ee) = 1180 nb

DZero had a hint of a signal during Run |
Lack of silicon b-tagging led to low efficiency...
Word of mouth only...
CDF saw 3.23 sigma, 91+-30 +-19 events, in 103+-7 pb-!
Trigger: 7.5 GeV pT central muon
hep-ex/9806022 - never published...
Run Ila DZero Z->bb Observability Study

Assumed STT trigger
DONote 3604
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Trigger on
7.5 GeV pT central muon

No match to jet (dR)
Require exactly 2 jets

2 SVX tags

d-phi > 3.0

Sum of non-jet E; < 10 GeV

Extrapolate 1-tagged distribution
from non-signal region (m<70 and
m>110 GeV/c?) into signal region

Z->cc and W->cs found to
be negligible

Binned observe 69+-20 events
Expect 41+-19 events from MC

No comparison to bb MC rates

Unbinned get 90+-30+-19
events, 3.23 sigma
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DO Note 3604 - M. Narain, U. Heintz
50% tagging — achievable soon

DZero Run Ila STT Study

11 GeV/c? resolution - reasonable
20% trigger efficiency - need the STT for this!
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The Mu+jet Sample

ET scale: 12 GeV

Skimmed by T. Golling for Top
Requires:
JCCB Jet with E>15 GeV
Global muon < 0.7 dR of a jet
No p; cut on muon! Excellent.
~50 pb-t and 1.2 million events

3.7 3.7
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Was a good trigger for Z->bb in place?

Not bad... but we could do better...
even before the STT is available

Want high b-jet content, no E; bias !

Most data passing cuts

(2 jets > 25 GeV, with full JES) fired
MU_2TRK3_L2MO (68%)
MU_JT20_L2MO (77%)

The 20 GeV jet trigger has large bias

towards high jet E;

The 2-track trigger was prescaled due
to low rejection

Level 1

Clearly want a muon

Possibly match A-stub to CTT track?
Level 2

Clean up muon
Level 3

Very low (10 GeV) jet requirement

Loose b-tagging
AND/OR
Match jet to muon

Andy Haas - UW Physics

Triggering

20428 times (6.207798 percent) for trigger -> 2MU_A_L2MO
22620 times (6.873917 percent) for trigger -> 4JT10

22862 times (6.947458 percent) for trigger -> MU_W_L2MO_TRK3
22898 times (6.958398 percent) for trigger -> 2MU_C_2L2_TRKLO
30719 times (9.335096 percent) for trigger -> MU_TAU10_L2L0

35975 times (10.932324 percent) for trigger
39478 times (11.996840 percent) for trigger
45257 times (13.753001 percent) for trigger
53137 times (16.147628 percent) for trigger
56375 times (17.131613 percent) for trigger
70604 times (21.455617 percent) for trigger
73401 times (22.305588 percent) for trigger
79366 times (24.118273 percent) for trigger
98745 times (30.007293 percent) for trigger
101725 times (30.912876 percent) for trigger
117771 times (35.789042 percent) for trigger
189888 times (57.704440 percent) for trigger
222468 times (67.605069 percent) for trigger
252616 times (76.766645 percent) for trigger

May 23, 2003

-> MU_W_L2MO_TRK10
-> MU_A_EM10
-> MU_EM_L2MO_L3LO
-> MU_JT20_L2MO_BID
-> MU_W_L2M5_TRK10
-> MU_TAU10 2T _L2MO
-> mulptxatxx_CEMS
-> MU_W_L2MO_2TRK3
-> MU_EM_L2M5

-> MU_JT25 L2MO

-> MU_EM_L2MO

-> MU_TAU10_L2MO

-> MU_2TRK3_L2MO

-> MU_JT20_L2MO
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bb

Evidence In mu+jet data
. B MO1_2biag
P> 25 G_eV, full JES cor_rectlons f 107  52events | s
|eta] of jets < 2.0 (fiducial tags) : o e
d-phi > 2.5 (loose back-to-back) sl T Constani. 238 1453
Loose 2-track SV b-tagging 5 e
. — -+ Mean MC 864 +7.1
Fit double-tagged sample a0 \ + SRS
(3852 events) to background + signal I I\
Subtract background and fit to Gaus. oF
Compare to Z->bb Monte Carlo i
Use the CDF Run 1 method: N
Estimate background from the single- P W Rl 2R R Wt 8 o
tagged sample W01 _2btag
Also correct for E; turn-on of the entries g
second b-tag (using 0-1 tag method: wr RMS 4761
eXpIaIned Iater) ) gégdf 0.07913i105.(.]5021;:;
Compare with bb Monte Carlo o S o

Pythia direct bb MC (26,000 evts)
p>20 GeV, |eta] <3

Same trigger/skimming efficiency for

bb as Z->bb, ~40%

Shape and position of peak agrees |

Peak in data is wider by ~50% T S T S I S T S

50 100 150 200 2580 3I2I:b
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Background

Estimation Methods

Z->bb peak is very close to the peak
of background

Great care must be taken to
determine the shape of the
background!

Simplest method:

Used in the CDF Run I pre-print and
assumed valid in DO Runll MC study

Assume shapes of 1-tagged sample
and 2-tagged sample are the same
outside the ‘signal region’

Normalize 1-tagged distribution to
the 2-tagged distribution outside
the ‘signal region’

Might not be bad if di-jet mass
resolution is small, so ‘signal region’
Is small

80

60

40

20

MO1_2btag
Entries 43123
Mean 128.6
RMS 69.05
1 I ndf 133.3 173
Constant 5792+ 1295
Mean 98.41+5.205
Sigma 2056+ 3.736

238 +- 54 events

1

-

L l
100

L |
150

L | L l
200 250

! l
300

1 I 1
400
mbb

L l
350

450
400
350
300
250
200

MO1_2btag
+ Entries 3852
+ +—+ Mean 1246
A RMS 52.76
+ 1° / ndf 28.36 /35
+ + QCD  0.07474 +0.001932
,@,+ Zbb 3.542 + 1.727
01-Cor 0.05161 + 0.0219

Ignores bias in shape due to turn-on 160 t

of 2"d b-tag requirement 100

Gives a result with ~2 times as many 50

Z->bb events as expected 0 «g/':\ '
Andy Haas - UW Physics May 23, 2003
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Correcting for b-tagging bias

Try to account for b-tagging
efficiency and fake-rate as
function of E; and eta

This will certainly change the

shape of the 2-tagged invariant
mass spectrum

Results are very similar when:

Apply the correction to the
1-tagged sample

Apply the correction twice to the

O-tagged sample

Another method is to directly
observe the change in shape
from the O-tagged sample to the
1-tagged sample

Then apply the same correction
to the 2-tagged sample

Andy Haas - UW Physics
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72433
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%= ¢ ndf nB7/ 76
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Di—jet Resolution

DO Note 4136 - A. Jenkins, A. Goussiou
Nice MC study of dependence of resolution of various parameters
JES Group

Jet p. > 20 GeV: Calorimeter Level Z Mass, Matched to b’ﬂ

Certified resolution in p13 data : ——
" Entries 2880
22 0.3_ . Mean 9098
& I pl3 data X =
025 Fractional Jet E; Resolution ! ;
d | :
0.2 Expect mg, resolution: | I I
I 14 * Sq rt(2) — ~20% Calerimeter Dijet Invariant Mass [GeV)
0.15 nhad = 2: Calorimeter Level Z Mass, Matched to b i
B i hoBASSct CUT Ff
e . Enties 2436
C m Mean &
0.05 v
_ ; AMS 1817
D_ I I | | (A i | | I I | I O | | L 11 1 | I I | B
0 50 100 150 200 250 300

[ a L m | L 1 1

Hl 10 10 o
st it hyeiat e )

(Pr, +P, 2 [GeV]
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Tests of the Signal

JES

Full corrections
No muon corrections
No corrections

Vary E+, d-phi, and eta cuts

Triggers

Select only well-understood trigger
Try ‘fake trigger’ turn-on

Try other b-taggers
And other b-tagger cuts and parameters

Leave MC out of fit — compare Chi? Probability
Shift Z mass and observe data’s peak behavior

Andy Haas - UW Physics May 23, 2003
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Tighten Jet E; cut to 35

GeV (JES, full corrections)

Efficiency of Z->bb
Increases from
43% to 55%

Still consistent with bb MC

Predicts 2010 bb events,
based on Z->bb peak size

Observe 2503 events

Andy Haas - UW Physics

+ Cuts

Tighter Jet E

C MO01_2btag
- Entries -27528
C 159.5
40 —
i 80.52
E ¥ I ndf 25.36 132
30— <> Constant 21.8+7.446
C 90.55+ 22.54
20 :_ LT Sigma 319+ 18.59
10 :_ -
: W | by
oF o o -+— I : 4 {P—¢¢"¢r‘-¢
Z -
- £ T J"’ -JFJT}
20 = | | | P IR R
50 100 150 300 350 400
mbb
300 — Entries 2503
B 143
54.82
250 — ¥ I ndf 35.93 132
L 0.07979 + 0.00166
200 |— 0.5512 £ 0.2164
01-Cor 0.06309 + 0.02677
150 —
100 —
50—
021 e ot &l

May 23, 2003

300 350 400

mbb
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Looser Jet EI Cuts

= MO01_2btag
Loosen Jet E; cut to 15 60 Eokiiax L
GeV (JES, full corrections) *¢ i o
40 = . X Constant 28.02+13.71
Efficiency of Z->bb 0k A Sigms 211647304
decreases from o JITHT
43% to 39% me o q
UE—2% w4
Still consistent with bb MC .z | H
Predicts 4334 bb events, N
based On Z—>bb peak SIZG 0 50 100 150 200 250 300 350 4?19':':
Observe 4386 events N i 1188
~ * RMS 52.61
. + Indf 29.99 142
400 — . QCD  0.07575+0.00176
L L ] Zbb 0.3939+ 0.2373
200 4 01-Cor 0.04025+0.01191
200 —
100 —
o gl

mbb
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Tighter Delta-Phi Cuts

MO1_2btag

About the same amount of = Eriie s
signal, but background is % & gl o
reduced 30 i . s

&

é \} J} Sigma 14.62 + 3.386

bb MC predicts 3389 =

events x .81 from Z->bb is " l
2745 events ° T %

We observe only 1677 events et s N
~60% too mUCh Signal 100 150 200 250 300 350 4?‘1:3

°|||||||||

L4
L=

= Entries — 16iT
. . - .- 200
Within errors / statistics ? - Maan 1214
180 — RMS 54.37
& x° / ndf 20.83 / 36
160 — QCD  0.07386 +0.002523
140 E Zhb 0.8153 + 0.2689
= 01Cor  0.05541 + 0.02584
120
100
80 —
60
40 —
- ey
20 #
0 = 1 {}_._-':'_ lfg:i!m\ —|. L . | 1 [T " g o i e T R P T
0 50 100 150 200 250 300 350 400
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Tighter Jet Eta Cuts

} 40— MO1_2btag
Decrease cut on jetS to - Errins L)
etal < 1.0 30— 1 i 7191
I . I E go,n;::nt 13.5335:;;3;
Signal / Background goes = 7 |¢ Sigma 206947363
from o WL
108/3852 to 54/1338 OE
(2.8% to 4.0%) :
bb MC predicts 1459 e
eventS, based on Z->bb 50 100 150 200 250 300 ] 35i: 4?“0.3.3
. Z_ I Entries 1338
peak height w1 o
- ¥/ ndf 36.54 / 29

Observe 1338 events o - ocD " 0.0808 + 0002328

120 :— 01-Cor 0.081 £ 0.03437

100 |

aoi—

60 —

=

202_ wrihp

0 — g5 1or3n:“1:5|u 5200 300 350 400"

mbb
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Jet Energy Corrections

- 70F MO1_2btag
Try without JES . No muon corrections [ Entres 321s
CO rreCti ons. 50 i_ ?’Eh:ﬁdf 39.1313

. . 40 f_ Constant SO.Ef 14.67
With no muon correction 2 Mean 1819757
. 30 & S T igma 54:7.

Peak width not much E P

different mg_ \ %}

Peak height not much o os T t taegety

different ] Jrjr

Shape less Gaussian: 2 | | | | | | |

Chi2 goes from 22 -> 39 50 00 160 200 20 300 30 400

With no corrections at all . s 1464

Peak is gone of Mo JES COMTeCtions. |t oo e

B Mean 64.8 + 10.41
10— el P (H} Sigma 128.7 + 2091
| o Bt e s tons
B %%% N e
A0 v 11
20:_ | ! | ! | ! | ! | ! | ! | ! |
0 50 100 150 200 250 300 350 400

mbb
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Try just selecting single triggers:
MU_JT20 L2LO
MU_2TRK3_L2LO

Invariant mass spectra still do not
turn on lower, due to skimming cuts

There are less events in each case
(about 70%)

But signal shapes, sizes, and
positions are stable

Trigger Selection

50— MO1_2btag
- Entries -33658
40 Mean 152.6
= RMS 78.59
! o> ¥ Indf 28.24 135
- T Constant 20.83 + 10.98
& Mean 95.83 + 14.04
20 — B Sigma 19.95 + 8.241
C ) }\
10 ;— & [
0F—<
-0 — 4
e MU_JT20_L2L0
E L | L | L | L | L | L | L | L | L
0 50 100 150 200 250 300 350 400
bk
- Mean 144.6
40 — RMS 78.32
E fis 4 + I ndf 50.39 135
30— Constant 2122+ 12.48
= Mean 91.83+ 18.8
20— gx Sigma 19.48 + 11.93
10 | 1< +
- > \
0 :ﬂ%:

20F MU 2TRK3 L2L0
30 = L B B VI SRR SRV . SRR R
0 50 100 150 200 250 300 350 400
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Fake Trigger Turn-on

Try adding a fake trigger turn- ::: .. LT —
on artificially: ] EMS 78 2o
. . = T I ndf 23.67 134
TanH function with a w0 Comstant 361+ 1349
k= ™y Mean 87.71+8.623
mean of 20 GeV uncorrected 30 ‘} Sigma 16.31: 5.578
width of 5 GeV 20 1
=
) (S

Harder jet E; cut seems to Pcy

select slightly more Z->bb shE-
Efficiency goes to 58% 0 50 100 150 200 20 300 350 4(}3

bb MC gives 6429 events __M01_2btag

400 Entries 3496
X .58 = 3729 events Mean 128.6
350 RMS 53.52
31.98 140
Observe 3496 events 300 gégdf 0.07857 + 0.00188
Zbh 0.5786 £ 0.2449
250 01-Cor  0.03761+ 0.02172

No other strange effects seen 200
from artificial trigger turn-on 150

100

50
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Observe more events with
the JLIP tagger

Known to be more efficient,
but higher fake rate, the way
It Is used here

Peak shape and position are

consistent

JLIP Tagger

120

100

80

60

40

]
[=]

[~
[=] (=1
_¢_¢

MO1_2btag

Entries 57770
Mean 131.9
RMS 82.22
i Indf 2582135
Constant 7755+ 2284
Mean 94.7 + 6.601
Sigma 17.02+ 4.05

‘#

L

TR LTS | S |

°|||||
o
o

Predict 11,430 events from

bb MC, and observe 8921

But we may be letting in
more background?

Mini-conclusion

A looser tagger iIs better,
since we require 2 tags, and
already have a muon tag

Andy Haas - UW Physics

L
100

150

1 | 1
200 250 300 350 400

1000

800

600

400

200

0

May 23, 2003

my,
MO1_2Zbtag
Entries 8921
Mean 125.8
RMS 53.2
+ Indf 46.68 149
QcD 0.1285 + 0.002016
Zbb 0.8638+ 0.2667
01-Cor 0.1293 + 0.03695
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CSIP Tagger

i - M01_2bta
Signal has mostly o e 277
disappeared? 5 | 7 tndt 1043119

_ B & Constant 5521+ 9.45
There is some yet unsolved [ «H Sigma 34855699
problem with my application e ‘%’ﬁtj&mw
of the CSIP tagger in the s “ o
forward region :
=20 —
— 50 00 60 200 250 300 350 4?29
240 & MO1_2btag -
a =T
200 = RMS 50.32
180 - ;gcfnndf Qersy =0 s
160 — Zbhb 0.1673 * 0.2483
140 ;_ 01-Cor 0.02123 £ 0.01781
120 -
100 £
80 F-
60
40 F-
20 — :
0. P R NN DR . P P
0 50 100 150 200 400

mbb
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Tighter SV b-Tags

M01_2btag

Signal fraction increases
slightly, but we have low oot TL

statistics now, especially £ 7 T P

for the peak fit, which W R S S
gives a tiny width

Require 3 tracks on each 25| Mean T

= RMS 67.24

Secondary Vertex b-tag E ) Cinar s i

These are very tight tags "t J \ %} Sigma____ 972823201
10 — X

mg,

- MO1_2btag
i 80 — Entries 549
bb MC gives 2535 events £ e
= 1 { ndf 25.09 /25
X .51 =1293 60 £ QCD  0.03098 * 0.002138
B Zbh 0.5148 + 0.2602
About ~2 times more than 50;_ 01-Cor __ 0.02033 +0.01902
observed bb... dop
30—
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Fitting Without Monte Carlo
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Shifting Z Monte Carlo Mass Positive
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Shifting Z Monte Carlo Mass Negative
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Conclusions

Evidence has been presented for the presence of Z->bb signal
Qualitatively in the multi-jet sample
Quantitatively in the mu+jet sample
Results are consistent with
Previous CDF Run I observation
Expected rates from Monte Carlo (Z->bb and bb)
Measured jet energy resolutions in p13 data
Variations in fitting technique, cuts, tagging, and triggers
Triggering is what makes Z->bb hard to see

Unprescaled muon trigger with no explicit p; cut makes observation
possible (CDF Runl had a 7.5 GeV p; muon cut)

Measuring the Z->bb peak is very important

Work aimed at understanding the signal is beneficial to the more
general understanding of b-tagging, triggering, and jet energy resolution

This study depended on these peoples’ helpful conversations,
Insight, and expertise. Thanks for everything!

Avto, Andre, Levan, J. Hobbs, and Gordon
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