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Reminder

Charm cross section measurement (do’S./dQ?)
from CC events.

— Constraints on s(x, Q%)
e Data: HERAIIL, CN v08b, L = 358.6 pb~ 1
«  MC : Inclusive CC DIS, Amadeus 2006a, DJANGOH yyp = 2~ P

2Ee,beam
1.6, ARTADNE 4.12, CTEQ-5D. )
QZB _ T,h
* Jacquet-Blondel Method used to reconstruct Py
kinematic variables 9
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DIS selection

« CCDIS

Katie Oliver and Robert Ciesielski 06/07 e+p CC selection

- FLT 6063|3940 411 43|44, SLTEXO4, TLT EXO2 || EXO 6, DST 34
- Q%?>1200GeV?,y<09

- STTTAKE = 0 for 05¢ data

- FLT 63 active after run 54115

- Sparks Rejection Not implemented due to empty tree

*complete list in the backup slides
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Lifetime-tagging Method & SecVtx Selection

Decay length projected P

onto Jet axis, L+‘xy i

-~

IP ! > -
- /Secomi}Venev/
-

False vertex, negative Primary Vertex .’

Decay length, L—,x)’\) PR w_
-~ _..,_..A_.._..,_.

*  Short-lived light flavour - Symmetric dec. len.

*  Charmed particle - Asymmetric

*  LF contribution (BG) suppressed by subtracting
negative decay length events from positive

Mpl
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Jet Selection

ORANGE : Kt jet a

At least 1 jet, each with E;x > 5 GeV

—25 < n <25

Track Selection

ZTT tracks Pr > 0.5 GeV

(Nerp = 3 || Nepr = 1)&& Nyyp = 4

Distance to closestjet R = /Ap? + An? <1

SecVix ORANGE : Vitxsec type[secvtxID] =1
Selection
X 2/ Ndof <6
|Zsecvex| <30 cm
Distance to beamspot \/ Ax? + Ay? <1cm
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Previous e+ p

(0304 + 0607)

2D Decay Length Lxy [ MC_ALL(1.000)

« DATA_(1786)

3 MC_BTM_(0.001)
) --- MC_CHQ_(0.011)
$
o A —— MC_CHW_(0.276)

MC_MEW_(0.001)
- MC_MHQ_(0.005)
MC_UDS_(0.706)

Entries
T

* Good agreement between
Data and MC in QA plots

10

m

g
*  Charm in CC observed in m&
mirrored decay length HH T
plot (significance) E A

Decay Length Significancg ™ MC-ALL_(1.000)
« DATA (1817)

MC_BTM_(0.001)

--- MC_CHQ_(0.011)
—— MC_CHW_(0.276)
MC_MEW._(0.001)
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Entries

0.706)

102 H\HHE"L:HIM“DA‘\ )
S

‘.'ow;—

557
%, (I Hﬂﬂw.,w....wmummmumw
Z g HMUU\HHM A
B P I N BN B E SR R
-20 -15 -10 -5 0 5 10 15 2
S

Entries

Lt-L- MC_ALL (1.000)
+ DATA_(68)
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—— MC_CHW_(1.022)
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S,-S

2D Decay Length Lxy MC_ALL_(1.000)
+ DATA_(4118)
g F B MC_BTM_(0.002)
e r A -~ MC_CHQ_(0.018)
[ —— MC_CHW_(0.142)
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£ MC_UDS_(0.835)
10
A
107y
Ly (om)
- 4
3E
2 oF|
%4 HH i Wil *M
gu‘{ 4 LN TR W MH W H
=z )r
’%;"‘O\B‘H‘0\2“"\1‘”‘\““0\1”‘6\2‘”6\3‘”64
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Decay Length Significancg MC-ALL_(1.000)
« DATA (4168)

- MC_BTM_(0.002)
P --- MC_CHQ_(0.018)
o —— MC_CHW_(0.142)
MC_MEW_(0.000)
- MC_MHQ_(0.003)
MC_UDS_(0.835)

Entries
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L+-L- MC_ALL_(1.000)
+ DATA_(-6)
8 49 MC_BTM_(0.033)
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Q2 recon (Left) & particle level (Right)

Surviving Q7

- Separated into two bins
et b having approx. the same
(0304 + 0607) charm sensitivity.

- Separation point determined

Mpl
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at 1554.9 GeV2

- Corresponding bin-widths
(05 + 06] binl : 1354.9 GeV2
bin2 : 9982 GeV2
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True vs Reconstructed Q2

- Good agreement between
et True and Reconstructed Q2

Mean x 1540

Entries 287972
Mear x 1538

Meany -0.1574
Std Devx 1762
Std Devy 0.5812

T

Meany— 1587
Std Devx 1763
StdDevy 1692

e+ p . . .
. (0304 +0607) -~ DBIn-by-bin correction to

account for small discrepancy

10°*
Z .
. 1°7]
E—— 10 QJB OTfue ve Q32 PP ——— .
Entries—| 848322 JEF Q2 JB Entries 348322 _]
Meanx | 2074 O s JB Meanx 2059
Mean y 1871 o Meany -0.1163
| [ sidevx 4002 e] StdDevx 3985 N . = ‘ . M .
Std Devy 0.5105 L l l

1

e-p N; = "true” number of entries in bin i
o (05 + 06) M; = measured number of entries
Cij = correlation matrix

C; = correlation constant

"
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Rebinned

Entries
[4))
o

40

30

20

e+ p Collision (0304 + 0607)

Reconstructed

Surviving QiB MC_ALL_(1.000)

MC_BTM_(0.010)

- - MC_CHQ_(0.023)

—— MC_CHW_(0.995)

-~ MC_MEW_(0.007)
-~ MC_MHQ_(0.025)
MC_UDS_(-0.060)

Entries

50

40

30|

20

MC_ALL_(1.000)

MC_BTM_(0.010)
- - - MC_CHQ_(0.023)
—— MC_CHW._(0.990)
-~ - MC_MEW_(0.007)
- - - MC_MHQ_(0.025)

MC_UDS_(-0.054)

Surviving QjB

Reconstructed

MC_ALL_(1.000)

MC_BTM_(0.032)

-- MC_CHQ_(0.092)
—— MC_CHW_(0.910)
- - MC_MEW_(0.006)

- - MC_MHQ_(0.024)

MC_UDS_(-0.064)

Entries

e- p Collision (05 + 06)

50|

40,

30

20

MC_ALL_(1.000)
MC_BTM_(0.032)
- - = MC_CHQ_(0.092)
—— MC_CHW_(0.910)
-~ - MC_MEW_(0.006)
- - - MC_MHQ_(0.024)
MC_UDS_(-0.063)

UL L L L L R B L B L

C; = 1.011 (i = 1),0.975 (i = 2)

C; = 0.997 (i = 1),0.986 (i = 2)
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MC + Data

MC_ALL_(1.000)

Entries

- >
Surviving QJB

+ DATA_(73)

20

MC_BTM_(0.010)
- -~ MC_CHQ_(0.023)
—— MC_CHW_(0.997)
MC_MEW_(0.007)
--- MC_MHQ_(0.024)

MC_UDS_(-0.061)

- >
Surviving QJB

« DATA_(73)

MC_BTM_(0.010)
- -~ MC_CHQ_(0.023)
—— MC_CHW_(0.997)
MC_MEW_(0.007)
--- MC_MHQ_(0.024)
MC_UDS_(-0.061)

MC_ALL_(1.000)

- >
Surviving OJB

MC_ALL_(1.000)
« DATA(73)

Entries

MC_BTM_(0.010)
--- MC_CHQ_(0.023)

—— MC_CHW_(0.997)

-~ MC_MEW_(0.007)
--- MC_MHQ_(0.024)
MC_UDS_(-0.061)

- Reasonable agreement with

MC with large stat. unc.
A R B
gi,
st a'?g
N 00 Ll N
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Cross Section Calculation

charm [ charm
NMC

dO_CC,data Nidata _ NPQ d g EEMC
= S
dQ? i L dQ? i

cC,MC
- dacharm = C 1 NiMC
dQ? "A; LAQE

* % Nibg = LF background estim%ted from MC
M

Ni,measured

** A; = acceptance =

MC
i,charm generated

Mpl
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etp DATA MC
Bin 1 2 1 2
A; 0.0437 0.0359 0.0437 0.0359
do /dQ*
(10-3pb 7.77 £327 | —0.096 £ 0.425 | 4.85+0.364 | 0.326 +0.050
* GeV™2)
o (pb) 9.58 + 6.11 9.79 + 0.70
e’ p DATA MC
Bin 1 (560 GeV?) | 2(4240 GeV?) | 1(560 GeV?) | 2 (4240 GeV?)
A; 0.0517 0.0594 0.0517 0.0594
do /dQ*
(10~3pb —0.591 +3.22 | —0.106 + 0.445 | 4.34+0.488 | 0.235 £ 0.067
* GeV~?)
o (pb) —~1.85+6.19 8.20 + 0.938
Jae Nam 10




Systematic Uncertainties

Source Note Orelative
Tracking The MC has a higher tracking efficiency than data and this should be accounted
Efficiency for. It is done by randomly rejecting MC tracks (~1%, Libov).
LF Background | Asymmetry in decay length due to long-lived LF hadrons. (~2%, Libov)

Non CC The remaining NC and PhP events may contaminate the signal. However, their In brooress

Background contributions are reported to be negligible. (Tapper) Prog
: Uncertainty in the event selection criteria (both event/jet/secvtx/track

DIS selection selections). This can be analyzed by varying the cut value of each criterion. Next Step

"
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Non-CC Background (NCDIS,

2
Q[ Suriving @, [7 e e
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et)
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NDATA
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4093
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2
Q JB,mir
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Bin 1
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—0.28

Bin 2

—6 + 26.8
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Jae Nam

Inclusive NC DIS, DJANGOH 1.6, ARIADNE
4.12, CTEQ-5D.
MC scaled to Data luminosity.

NC contribution negligible in general.
Bin 2 might need a further quantification.
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Non-CC Background (NCDIS, e-)

G, [ Suiving @, [T
g8 [ MC_BTM_(0.002) 8 F MC_BTM_(0.032)
Fooo|— - -~ MC_CHQ_(0.015) £ T - -~ MC_CHQ_(0.092)
r + —— MC_CHW_(0.119) = —— MC_CHW_(0.907)
o e [Cimen e
L -+ + MC_UDS._(0.862) 40; MC_UDS._(-0.061) e - p N DATA N CI!/é C N II\yCC
ol
b QZ 8900 8900.14 21.99
g JB
10
SN I _ —11 + 64.63 91.05 1.92
CC S R S Q]B,mlr -
\3 4 103 10A Q2 (Gevl)05
: Bin 1 —6 + 42 58.29 0.66
\Eo'g?ﬂ,_k+ +ﬂ_ﬁ4+ | \t( .Og
2[30,5; f ZDO.S; .
: . s S Bin 2 —5+49.1 32.76 1.26

0® 0°
Q? (Gevl) Q? (Gevl)

Qe 7 Surviving Q|1 e - Pretty much the same as e+ case. NC

£ oo e contribution negligible in general with a
- e potential exception of Bin 2.
NC 2; oAs?
e - PhP MC samples need to be normalized.
HERWIG, resolved & direct (05e+06e, 0607p)
oE i ._mr’::al:]:‘”:ﬂ: mea, - b | |

o ol T e
T
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Results (so far)

o
=}
=

0.006

doSC /dQ? (pb/GeV?)

l
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0.002

-0.002
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5

Q? (Geva)0

e*p (0304p + 0607p)

o244 = 9,58 + 6.11(stat) pb
ot = 9.79 + 0.7(stat) pb
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g
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0.008

doSC /dQ? (pb/GeV?)

i

0.006

0.004

0.002
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doSC  /dQ?
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10° 10*

e p (05e + 06e)

o244 = —1.85 + 6.19(stat) pb
oM¢ = 8.20 + 0.938(stat)pb

Jae Nam

? (Geva)O

5

Missing : Systematic Uncertainty,
Theory curve

Possibly put a constraint on
Strange content by varying the
theory curve input? (does the
theory curve takes strange
content as input?)



Summary & Future Plan

Summary

* Charm cross section in CC has been quantified for both e+ and e-.
- Large stat. unc. observed as expected.

* Evaluation of syst. unc. has been 1nitiated.

- Negligible contribution from NC contamination (except in bin 2).
- PhP MC sample needs to be normalized.

Future Plan
* Detector efficiency & visible cross section will be measured.
* Syst. unc. from DIS selection will be quantified.

* Constraint on Strange content

T
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Thank you!
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Backup Slides
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Event Selection Summary

Katie Oliver and Robert Ciesielski 06/07 e+p CC selection

General Selection Calorimeter Based Selection
Trigger FLT 60 || 63|39/ 40 | 41|43 | 44 Timing

SLT EXO 4 PhP, VapVp < 0.25 if (Pt < 20 GeV)

TLT EXO 2 || EXO 6 Beam Gas [VapVp < 0.35 else

DST 34

Cosmics [Reject if: Ncell <40 or (BAC/BRMU cosmic muon)
or E RCAL>2 GeV and f RHAC > 0.5

DQ EVTAKE, POLTAKE, MVDTAKE, STTTAKE or E BCAL>2 GeV and f BHAC > 0.85 or f BHAC1 > 0.7 or f BHAC2 > 0.4
Pt Pt> 12 GeV or E FCAL>2 GeV and f FHAC <0.10 or f FHAC > 0.85 or f FHAC1 > 0.7 or f FHAC2 >-.6

P't>10 GeV

Halo Reject if: MaxEtCell nr <= 16384 and RCAL asosE > 0.3 GeV (FCAL)
Kinematic (Q2 > 200 GeV2 Muon or Tsu_halo > 0 (TSUBAME in BCAL) or (BAC/BRMU halo muon)
<09

i NC DIS |Reject if:
Tracking Based Selection PT <30 GeV&& E-Pz>30 GeV && E >4 GeV && E in <5 GeV
Vertex Zvix| < 30 cm && (Ptrk/Ee > 0.25 for 15 < 0e < 164 or Ete > 2 GeV for Oe > 164)
deal - ptrk  [dp <90 degree Sparks

* -
BN ricvex > 0.125 * (Ntrk - 20) — Varies between run periods.  green — Only applied on data red — Not implemented

-STTTAKE = 0 for 05e data -Timing cut only on data -Associated variables empty

[ |] [l | -FLT 63 active after run 54115
4/4/18 Jae Nam 18




QA Plots (CC DIS)
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Secondary Vertex
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Tracking
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Tracking
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