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Scale factor from B decays

Example: B®y K*
*Fit y to a single vertex
*“point” y back to K
*Measure L,, wrt B vertex

Pull is a proxy for a
“seconday vertex” pull!

m m

“TWO” K

o

® Primary Vertex

“One”

(Lxy(DVtx)-Lxy(BVtx))/c Sideband Subtracted LXyPull_sub

Entries 1480
= Mean -0.1511
B RMS 1.479
100 B Underflow 1.088
N J{ Overflow -2.206
B 2 I ndf 46.09 / 26
80 B Prob 0.008919
L po 284.8+ 7.8
- p1 -0.144 + 0.039
60 B p2 1.329 + 0.035
a0
20
bt b i
0 ﬂﬁ{- JFH + JrJrJr++4++
Ll | L1 11 | 11 | 1111 | 11 | | | | | L1 11 | L1 11
5 4 3 2 1 0 1 2 3 4 5




Samples and Topologies used:

H3_1”
BRYK* (1:K 2:mm)

B®RYK* (1:Kp 2:nm) N

D®Kpp (Lp 2:Kp) 22N
, 1
y®ypp (Im 2Z:inpp)
1:p 2: wmy Ay °
(Lp 2 ) 2-2 Primary
N /
2\\\
1 o Primary



The SV scale factor problem

B DL, Pull

B Jiy K"
(1.32+0.02)

B— Jiy K*
(1.25+ 0.05+ 0.03)

D*— Knn
(1.197 + 0.004 + 0.02)

v->Jdlynn3-1 N
(0.98+ 0.015)

v'— Jhy i 2-2 ]
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Pull grows as a function
of lifetime! @#"$!

Hidden dependencies!

e Detector acceptance?
e Kinematics?

e Multiplicity? (no: y K*)

Figure out which
distributions are
different

. Check dependency!



Course of Action

e Trying to attack the problem from as
many angles as 1 can!

e Take samples with sufficient statistics (y
and D*) and squeeze all the information |
can out of them:

e Bin pull in several variables to test likely
dependencies (f, h, z, P, Df, DR,
Isolation, ct, L,,, Si properties)

e ... not much success so far with this!



Pull vs Ct / L,

Ct(one) distribution
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L,,(two) pulls vs ct(one)
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Including fit systematics

Pull Sec. Vix L, sliced Pull Sec. Vtx L, sliced
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Bottomline

« The only significant effect is visible in ct/L,, of
the object with respect to the PV!

« BUT the two samples are basically
complementary in those variables:
-y’ are mostly prompt

- “My” D* sample is mostly from secondaries (trigger
biases are excluded, since the effect shows up also
in the Jy /K™ samples)

e Vertex position in space seems to play a role.
What could explain that?



Vertex Position and CTVMFT

e In principle the vertex is determined by two
parameters (X,y) or (L,,.do)..

Pull Sec. Vtx d { B} sliced Pull Sec. Vix do{ B} sliced
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* dy plays no clear role... L,, seems to be relavant though...

 While looking into this we realized there was a likely
candidate for this type of problem: CTVMFT does not
swim the track error matrices to the vertex when
computing the vertex resolution (next slide)

 Reprocessed samples with a kludge: no significant change



CTVMFT and covariance swimming

e Vertex covariance In fit iIs computed using
the track covariance matrix as-is

e In principle should correct, propagating
the covariance at the vertex coordinate

 How big? Easiest way IS reprocess data
fixing the issue!

e Kludge on CharmMods (it would be nice to
test what this does to lifetime fits!)

 No significant difference found in the
pulls: still same dependancy on ct

.. one step forward?



Is the effect coming from S casured ©F Spredicted ?

Measured:

Assessed fit systematics using different
models (1 gaus, 2 gaus, gaus + expo):
discrepancy holds

Predicted:
CTVMFT seems ok:

Above bug has no effect

Tested on toy MC (two tracks at fixed
kinematics, sliding in L)

Input: track covariances?

Two terms dominate: d, and f

Scaled overall covariance terms by large factors:

no effect
Scaled COT covariance: no effect

Planning to compare f pull with covariance term
using pions from D* (skim in progress as we
speak)
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Shift in perspective

e Focus so far has been on the low bin for D* Maybe
we are chasing a misleading evidence?

e There is room for other possibilities:
— Bin is low for other reasons (stat. Fluctuation, selection
bias)
— Overall behavior is not completely consistent: pulls vs
L,, grow for D* and decrease fory'

- Let's keep our mind open for other options!

- Next step: trying to break down contribution to the L,,
width

e Besides ct, what other qualitative differences are
there between the samples?



Samples are gqualitatively different!

BOOKpi_MassC_1.0_false_false bd_secvixstudies. root
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Quantifying the difference

“error bars” show RMS
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The samples look really different with respect to the
size and shape of the error ellipsoid for the ‘D’ vertex,
but no clear correlation emerges with the behavior of
the L,, pulls!



Track and vertex errors have different roles in the

Contribution
of d,(p) and
‘D’ vertex
error to p's
1.P. wrt ‘D’
vertex
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Montecarlo Plans

In parallel to data studies we are carrying on a study to
compare/complement data:

*Toy montecarlo to study pull of fixed kinematics vs L,,
We need several samples:
*As many of the modes we study on data as possible
v,y K"y K*D*
Pythia (preferable to evaluate the PV pulls)
eBgen (suitable for most SV studies)
*\We are generating and analyzing most of those

eSome preliminary results in the next 2 pages



LOO Reweighting on PV

.00 efficiency and resolution B Jiy K" V1-V2 Pull
In ‘out of the box’ MC not well

X Dat ——
reproduced {1.3?¢ao.n4i 0.015)
: : X mc** ——
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(1.34 + 0.04 + 0.005 )

Y mcst <
(1.26 + 0.03 + 0.01)

distributions

|l am testing It on various MC Y MCrew | - :
samples (1.37+0.02+0.1)

Z Data — —

(1.31+£ 0.03 £ 0.06)

*In this case PV reconstruction ZMCH ]

in 3J/yK PYTHIA (1.28+ 0.03 + 0.07

ZMmc*Y -
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Reweighted MC consistently

shifts towards larger pulls in S I T FY Y YN PR FTRT FTTRNETEY
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LOO Reweighting on SV

| 00 reweighting hasan B-—D L,, pull [ width + stat + syst ]

even larger effect on SV K m
. 01322 6.02)
eEffect seems to go In MC B — J/Iv K* HEH
the direction of {3,054 DIILL- “‘”K o
explaining our ‘problem’ Mc25+ 0.07 537
*Need more samples (D", {1 25 ::6 04+ 0.06) HilH
y’, y K*) to have a more {1 19?+t0 .004 + 0.02)
complete picture 12:1+E e 1k =
: . MC® D"
1T we find consistency (1.08 0. Y4 03) =

with data, we can dissect o982 6.515)
the MC and get another T N

tool to investigate the 04 05 06 0.7 08 09 1 11 1.2 1.3
problem!



Conclusions

Still on our way to understand the
lifetime-dependent SV scale factor

Several sources ruled out

Comparisons of y’ and D* samples not
as conclusive as we hoped

MC studies are on their way!



Backup



Scale Factor from V1-V2

*Fit two independent subsets of
‘primary’ [1.e. non-B] tracks

Measure (X,,Y,,Z,) and (X,,Y,,Z,)

*Obtain D/s for X,y and z

*Fit core with single gaussian

(central value)

-Repeat f|t W|th tWO V.-V, Y Pulls

gaussians (‘syst.’)
«Still using 1.38

For what follows
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Distributions
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Pulls vs varlables I prev page

Pt of ‘one’
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*Why? | can think of possible reasons,
but in terms of bugs mostly! WORK IN
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Ctand L,

Ct(one) distribution t L, (two) pulls vs ct(B)  «
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The problem does not show up with prompt objects!
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y' data vs D* MC

L,,(two) pulls vs ct(B)

H D* MC
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They are much more similar!

The ‘bug’ affects non-prompt data only!!!
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Same plots In D* data:
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Same plots for MC D*
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Same plots for D* Wlthout Loo
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Plots a la 7500



Z sliced X1-X2 Pulls

A R sliced X1-X2 Pulls
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What do we know about EbE?
e Unbiased estimator of PVTX
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L Prab 0,061 50 -
C Constant 1161+ 2808 160 —
1Dﬂ_— M 00001166 + 5.6734-05 =
L Sigma 0003085 + 4 685e-05 140}
80/ 1200
100}
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E EUI:
-mi— ‘5“[.—
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40~
20 E
20—
F | ik R [—
[T | s L M i Y L M M| i 2 S
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Reasonable (~5%) control of systematics

Mode x scale y scale z scale

B — ¢ K* | 1.3274+0.035 | 1.399+0.035 | 1.375 4 0.029
B* — D% | 1.40840.030 | 1.398 £0.031 | 1.367 £ 0.29
B? — D*7F | 1.42640.034 | 1.336 £ 0.029 | 1.288 4 0.027

Transverse Z
Data (V,-V,) 1.3340.035 1.37+0.035
MC (V,-V,) | 1.192+0.034 1.26+0.035
MC (V-truth) 1.244+0.036 1.23+0.032
J/y Prompt | 1.236+0.024 ~ND~
Peak
J/y dyo/s 1.176+0.019 ~ND~




Cross checks using 1.P.(B)

Pull on Impact Parameter

Mode

Beamline Beamline

Event-by-Event

o= 2bu z dependent ¢ | w/beam constraint

Event-by-FEvent

w/o beam constraint

B — D%r* | 1.20740.025 | 1.178 £ 0.

B — D*pF | 1.256+£0.026 | 1.118 £ 0.

039 | 1.202 £ 0.021

027 | 1.163 =0.020

1.050 £ 0.025

1.046 & 0.027

T~ f " 4

L

Z dep. Beamline
Improves pulls!

Something funny
when beamline is
used!

* L,, Involves three ingredients:
- EbE
- Secondary vertex
— Beamline (in beamline constrained fits)

Scale factors
work!

B

Xy




Time dependence of Hourglass
arameters

Minimum X width vs Run#
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Implementing DB access of time-dependent parameters



Hourglass parameters from DB

Profiles

Minimum X width
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Relative PV/BV contribution to dy and L, pulls

s 2 B

= 'ws o, W+ ‘ws 3w

o NW
W

2 _thv e 2 N A tn e 2 A
Sg=WSoW +WsS W

/
/

W= (X, Y) et Ly
W = (Y, X) i

*PV and BV are linear combinations of the same covariances (s;,, Sg,), With
different coefficients
°L,, sensitive to the major axis of s,

*Relative weight of PV and SV covariances different for L, and d,

eLook at: YWs F2>VW 'W'S FZ,VWA
> 5 Note: the two L,,
S i, > d, (or d,) pieces do
tWs ;/W 'W's ;/WA not linearly add
> 2 to 1!
S, S g,



Relative PV/BV contribution to IP and Lxy pulls
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