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goals and datasets

" pp:

= pQCD benchmark and baseline for nuclear modification
= Color charge vs. mass/flavor effects?

= p-A:
= CNM effects?

Baseline for modification in hot medium

= A-A:
= mass ordering?

» |Low/intermediate pT - unique

= contribution of gluon-splitting to direct
b quark production?

ALICE 5 TeV pPb b-jets - R. Vértesi
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= Radiative or collisional energy loss?

= Experimental data:

= pp 2017 data at 5 TeV (IP method) ~600M evts
= p-Pb 2016 data at 5 TeV (IP and SV methods) ~900M Minimum Bias evts
= |TS+TPC tracks, pt>0.15

= Anti-kT jets, R=0.4, |n|<0.5

¥10-CL-NIH-SVd-SIND
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extracting the b-jet cross section

Displaced

A. Jet Reconstruction

B. b-jet selection > Vertox
b-jet: presence of a b-hadron inside a \ y
cone with given R centered on the jet axis bd

1. Impact parameter significance method \ /
based on the closest approach to the
primary vertex of tracks inside a jet Jet

Hadi Hassan (Linus Feldkamp, Min Jung Kweon, Minjung Kim)

2. Displaced secondary vertex method
secondary vertex reconstruction and evaluation of its distance from
the primary vertex - Ashik lkbal Sheikh, Filip Krizek, Artem Isakov,
R.V. (Elena Bruna, Lukas Kramarik, Gyulnara Eyyubova)

C. Statistically remove non-b jets from tagged sample
D. Unfolding
E. Efficiency correction
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extracting the b-jet cross section

Displaced
Tracks

A. Jet Reconstruction
B. b-jet selection Seeertox

Jet

b-jet: presence of a b-hadron inside a V\ L
cone with given R centered on the jet axis m‘d

Jet

2. Displaced secondary vertex method
secondary vertex reconstruction and evaluation of its distance from
the primary vertex - Ashik lkbal Sheikh, Filip Krizek, Artem Isakov,
R.V. (Elena Bruna, Lukas Kramarik, Gyulnara Eyyubova)

C. Statistically remove non-b jets from tagged sample
D. Unfolding
E. Efficiency correction
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spectrum extraction

Extract SV tagging efficiency from Monte Carlo

tagged det.
€p d (pdet. ) L Nb,c,uds_g (pT,Ch. _]et)
,C,udsg 3 _ en. et. =
Toch JEV T Ny g (PR, o) ==> Reliable MC
= Extract purity from template fit and MC is essential
Nb- jets(?dﬁﬁ' . )
det. - T,ch. jet
P(pT,éh. jet) =

Naﬁ jets(?;}ifé'h. jet)

Correct tagged inclusive raw spectrum:

1 deeasured,b _ il P dNtagged
N dpT N ¢ dpr

. . . det.
Unfolding and final correction step Pr.ch. jet — Pr.ch. jet

dJl:)—jet _ 1 dj\rlllﬂ&%lll‘(‘d.]))
de Lint de

- Unfolded (
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analysis
= Data extraction (Run2 p-Pb, LHC16{q,t}):

= Efficiency and purity corrections
= Efficiency: LHC17h6{a,b,c,d,e,f}2
= Purity #1 "POWDbc": real inclusive jets and POWHEG c,b spectra
= Purity #2: "data-driven": template fits from LHC17h6_2 simulations
==> a combined “hybrid” method

= Unfolding (SVD & Bayesian, binned)

= Matrix based on LHC17h6_2, outliers removed (pr<pthard x4)
* PYTHIA hard processes + EPOS underlying event

Systematics
* Tracking & jet reconstruction related
» b-tagging related
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tagging efficiencies vs. pr
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= Tagging cuts
= Dispersion of reconstructed secondary vertex oy,
= Significance of primary-secondary vertex distance SL,, = L,,/0),,
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tagging performance
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= Evolutions of efficiencies and mistagging rates with SL,,

» |eft: efficiency vs. SLxy, no sigvtx cut applied

» Right: efficiency vs. mistagging rates for different SLxy values
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purity & tagging correction, POWHEG

ALICE 5 TeV pPb b-jets - R. Vértesi
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» Purity obtained as:

Going to detector level: POWHEG spectrum * detector matrix
N::J,;:xuf( det

» Using the good old formulae

tagged dct
N.r'm'hi.\'e'l'r:* p'f' )

nggua"

inclusive

det
( inclis ru{pf )

ragged d L
N, (pr)m

) N 2P - N ),
Powheg det Powhe L]L.'l det
N (pe) = NE™s (p) - ¢, (p)

E‘. (‘”;Iul. )
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uncertainty in POWHEG
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= Several variations (defaults in bold) and cross-variations:
= m,=4.5, 4.75, 5.0 GeV ; m.=1.3, 1.5, 1.7 GeV
= factorization scale = 0.5, 1.0, 2.0 ; renormalization scale = 0.5, 1.0, 2.0
* Translates to a factor ~2 uncertainty on the corrected spectrum (later)

= See more: backup slides and
https://twiki.cern.ch/twiki/pub/ALICE/BtagSecVi{x/PowhegSystematicsBeauty ashik.pdf
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purity, data-driven - template fits

Example: Minuit, lowest pT bin Example: RooFit, higher pT bin
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= Minuit vs. RooFit on measured data

= RooFit: template errors ignored - can be a problem
= Minuit: correct treatment of errors;

nbins

F(n) = Z

1 Uf)am, + (0B, *pB)? + (0¢; * pc)? + (oLF, * pLF)?

(Data; — B; *x pg — C; x pc — LF; *PLF)2

but: convergence problems at higher py

11



CTU 15/03/2018 ALICE 5 TeV pPb b-jets - R. Vértesi 12

purity, data-driven - pr-dependence
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* Minuit convergence problems already from 30 GeV/c in some
cases, above 40 in most cases

= Note: merging the bins did not help
= RooFit different at low-p; (and we trust it less than Minuit)

= But: At higher pt-bins, RooFit and Minuit always match
» Perhaps less effect of template errors because of wider distributions
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purlty Comparlson of methods
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= Good news: very good consistency with the POWbc method
= POWDbc and data-driven MC template closure: good match
= POWbc and data-driven with real data consistent within errors

= Strategy: data-driven constraints to be used to constrain
purities from POWHEG
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purity comparison examples

POWHEG Default POWHEG Default POWHEG Default
= E 15 F k3l E 15
E Purities disp<0.04 SLxy>5 39.65 E Purities disp<0.03 SLxy>5 : E Purities disp<0.05 SLxy=>9 3955
o Sny =5 z06| *° SL.. =5 2z ®F SL 9 22.96
08E- o... = 0.04 —e— POWHEG Default 0sE- Xy —+— POWHEG Default 08 —e— POWHEG Default
0‘?5_ vitx . . 0.?2_ O-VtX - 0-03 ‘ 0‘_’,;_ O-VtX - 0-05 ;
E —=&— data-driven MINUIT E —=&— data-driven MINUIT E —&— data-driven MINUIT
06;— 0.6;— 0‘62—
0‘5; U.Si— 0‘5; +
0‘4:— 0.4i 0‘4:—
c E = = e, E . sk "3
03 +‘**"f*++++ 03F T e 03 o ——
- R g - . —— =
°2§"+++ —— oo g —— 02b- s
£ £ 045
"% DefaUt POWHEG | *F  Default POWHEG ., Default POWHEG
B L & #m 0100 [SESFPH P L dw
» Default POWHEG describes data regardless of tagging cut
= Scale variations cause big differences
POWHEG cDefault_bfact05ren2 POWHEG cDefault_bfact05ren05 POWHEG fact2ren05
i 9 hBlPUyHYER L _ 1 hBlePuiyHYBR | hBjetPurityHYBR L5 V3
ko E i3 i3 E 15
E Purities disp<0.03 SLxy>5 Purities disp<0.03 SLxy>5 = — Purities disp<0.03 SLxy>5
os= SL,, =5 2 Sl =5 ., oFSLy=5 "
08; Vtx - O 03 & POWHEG cDefault bfact0sren2 | 0 8;— oy — 0 03 —&— POWHEG cDefault_bfactdSren05 03;_ vix — 0 03 —&— POWHEG fact2ren05
07 —=— datadriven MINUIT 07 —=— gata criven MINUIT 07 —=— data-driven MINUIT
08— U-Bi_ Oﬁi_ i
05 05E- osf- w R
" S " S ot T
035 0.3 —— 0‘3}
F +*+0—_._ Fo— —— F
02 i o S I — it % — 02— —_ —
m:_++cfac-1 c ren =*t E cfac—1 cren=1 - cfac.=2,cren=0.5
... bfac.=0.5.bren=2, ~..bfac.=0.5bren=0.5, ~ tbfac.=2,bren=05
0 10 20 3 40 50 60 70 80 80 100 0 10 60 70 80 90  1g0 0 10 40 50 60 70 80 90 100

DJE\ Ff da\

T T T



CTU 15/03/2018 ALICE 5 TeV pPb b-jets - R. Vértesi

hybrid method: statistical exclusion

Chi2 matrix, Default chi2/N distribution, single powheg setups
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chi2/N values of the simultaneous test

For each POWHEG setting: z 24F
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. 16
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12 ]
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= Generally good
= Folded/raw ~1
= Uncertainties

below

fluctuations
= Convergent

iteration

(unfolded/prior)

= kSVD>=4

= Some oscillation

= ~20 ; plan to take
care by rebinning
or cropping the
response matrix

' (GeV/e)

h
T,jet

dN,,./d

Ratio folded/raw

ei=2

ALICE 5 TeV pPb b-jets - R. Vértesi

unfolding - SVD
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unfolding - bayesian
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spectrum with systematics

corrected b-jet spectrum, true level

= Corrections with the

= total syst

9 . sarbaekl powheg syst .

3 HHH tagaing syst Hyb d thod

§ === fracking eff. syst rl m e O

T 10 g zesosss unfolding syst . . .

S — +— POWHEG b-jets P I | .

5 10 — POWHEG b-jet systematics " rl n CI pa a na ySIS .
b-jets (LHC16qé&t, true level)

SL,,>7, 0,,<0.03
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’ = Dominant uncertainties:
| | | | | , e = hybrid purity
e = ynfolding (including
ratios over the corrected b-jet spectrum, true level m eth o) d re g u I ari Z atl on
T e and prior)
- 4 = tracking
E AN N = tagging
sab HRSSE A : B eRia sl hsa i s hen iy h ) .
wf ey —— 7777 |m Consistent with
e T POWHEG within errors
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spectrum with systematics

corrected b-jet spectrum, true level

total syst

saamnest powheg syst
+HHHH tagging syst
=== fracking eff. syst

sessces unfolding syst

—+— POWHEG b-jets

— POWHEG b-jet systematics
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Corrections with the
Hybrid method

Principal analysis:
SL,,>7, 0,,<0.03

Dominant uncertainties:

* hybrid purity
» unfolding (including
method, regularization
and prior)
= tracking
= tagging
Consistent with
POWHEG within errors

Range: 10-100 GeV/c
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ALICE 5 TeV pPb b-jets - R. Vértesi

20

some systematics (visualization)

Ratios of
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variations
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Status Summary

= We computed the 5 TeV pPb b-jet spectrum
= New hybrid purities and efficiencies
= Corrections are consistent

= Most of the systematics are at hand

= Detector matrix from EPOS+PYTHIA - the extent of
background effect low pr needs to be addressed

New unfolding method, slight oscillations - crop matrix?

= Some minor (?) systematics needed:
= unfolding: test with different binning
= contamination of primary tracks by secondary tracks
= track pr smearing

= Next step: Preliminary for SQM

21
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extracting the b-jet cross section

/ Displaced
J "Wracks

A. Jet Reconstruction

Secondary

B. Db-jet selection Vortox
b-jet: presence of a b-hadron inside a ’ L*v

cone with given R centered on the jet axis o

1. Impact parameter significance method .

based on the closest approach to the
primary vertex of tracks inside a jet Jet
Hadi Hassan (Linus Feldkamp, Min Jung Kweon, M/njung Kim)

2. Displaced secondary vertex method
secondary vertex reconstruction and evaluation of its distance from
the primary vertex - Ashik lkbal Sheikh, Filip Krizek, Artem Isakov,
R.V. (Elena Bruna, Lukas Kramarik, Gyulnara Eyyubova)

C. Statistically remove non-b jets from tagged sample
D. Unfolding

E. Efficiency correction
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Impact parameter significance method

= Discriminator: sd,
the impact parameter sign:

sign(dhy - pjet)-

* Track counting

—adiel, where 0 1S

# tracks originated from the secondary

Jet Axis

L
: secondary production point

Based on #tracks fulfilling threshold
= N=1 : high-efficiency ; N=2 ; N=3 : high purity

= Efficiency/purity curves:

'1 -08 08 -04 02 [1]

1\I\III1I

10°E J

E/ pPo\s=502Tev i ]
——inst

—a— N=2 5

b 1:"“I""I""I""I""l""l“""“I""I“':
) — ‘10";*
-1 — -2
UE pPbfsazs02Te i N I
—— N=1 ]
—e— N=2 =
N=3 )
LS B S R S X Y 1 - 1o

b-jet tagging efficiency

........................................

R PTRLEAEL 0.7 o8 0.9 1
b-jet tagging efficiency

= Working point: d,, > 0.008 threshold

c-jet mistag rate

‘10'1;*

L R P AR R T KA AR

A e

! '
FTEFURTE SNNTE SUNTY FNUTH FEATE FRTT) AATTY ATTT) FRUT

1
If-jet mistag rate

b-jet tagging efficiency

'EI.2 04 [T l].ﬂ-
2D Impact Paramlar (em)
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Production of b-jets pp and pr)

‘g T T T L) U 1 T T %‘
G 1072 This Thesis <] 10~ This Thesis
e L&)
= PP Sy = 502 TeV 2 = p-Pb s, = 5.02 TeV 3
E == i ed bejets R= = - gz Anti-kt charged b-jets R=0.4 [n_|<0.5 J
=10+ Anti-kt charged b-jets R=0.4 |r|}ﬂ|<0.5 = _ ey o et .
5 ;F B 10t |
= — 3
107 - F 3
= [~ —— -
" 1078 E ?_
b — N2 et e F ezt e E
[=-=] = = Syst. Unc. (DATA) n
Syst. Unc. (DATA) ==
2 — POWHEG+PYTHIAB: dijet =n= X'SeCtl on 107 | T POMMESEVTEING el = =
0 [ Syst. Une. (Theory) — | = [ Syst. Unc. {Theary) E

Flati o DATAPONHESG:

e BEERR_DEER.

Tgm T T i o T T T T T 3 0‘12""""'l"'"'"'l""l""l""l""_
0.09F- This Thesis = This Thesis 1
0.08F pp Vs =5.02 TeV E 0.1 p-Pb |5, = 5.02 TeV -

< 0.07E Anti-kt charged b-jets R=0.4 |nie[|<(}_5 _é . = Anti-kt charged b-jets R=0.4 h]jat|<0.5 ]
% 0.06F —+ N=2b-Jet _E b-fraCtlon -g noer —+ N=2 b-Jet _:
E 0.05 Syst. Unc. (DATA) _é g 0.06 _|syst. Unc. (DATA) K
2 0.04F — POWHEG predictions _E 2| — POWHEG predictions ;
0.03 E :
0.02 =
0.01 -f
10 20 30 40 50 60 70 80 90 10 0
Pl (GeWc) Pl et (GeV/c)

= Production is consistent within N=1, 2 (shown), 3
= Constistent with POWHEG w/ scale variation
= b-jet fraction drops at low-pt in pPb
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2E LI ] LI ] LI ] L ] LI ] lllllllllllllll 2 :I IIIIIII I =T I _— ' —— l‘ 1T I T I — |:
1.8 3 This Thesis 18 :_ ThIE- Thesis =
= —16F p-Pb\s \( =5.02 TeV 1 51_ p-Pb |s = 002 TeV E
S5 F & |& T F Anti-kt charged b-jets R=0.4 n_|<0.5 3
o |oH.4F  Antisktic d b-jets R=0.4 |n__|<0.5 Bq4fg s 4 =4 3
T8 ] el T F
HEd g2k E
. Bl CRCERL & . R =
- | : =
' “E 3 w OBF _ e
2 0gE —t N=2JetRpPb = Te ggfE T h#tRACMS =
‘“ . F mm . &% 06 B Syst. Unc. (CMS) E

—_ | |Syst. Unc. (DATA) e i - ]
i - ] 04 4 bhiet FtﬂALICE =
e el e o la e Pes gl s o 5 e ol eva Bos ol gan i T NN I P IPIPE TP T ]

0
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= The R,p, of b-jets is consistent with unity
= ...consistent with CMS measurements
= ...and with theory predictions within uncertainties

*= The interaction of the b-jet with the cold nuclear
matter has no effect on the b-jet within uncertainties.
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Systematics and ToDo

Uncertainty source 10‘2%?_ meSU-?:U
Unfolding algorithm 3.14%
,, | Regularization parameter 2.03 %
5 | Prior 2.09% | 2.91%
2 | Unfolding range 1.40% | 1.43%
S | dpr 0.12% | 0.29%
o | Tracking Efficiency 7.67% | 10.60%
ﬂ& Tagger working point 0.31% | 0.24%
VY rejection 0.20% | 0.05%
Normalization uncertainty 3.24%
Total 9.47% | 11.7%
Unfolding algorithm 3.23%
Regularization parameter 3.3%
@ Prior 1.19% | 0.19%
.© | Unfolding range 0%
% Tracking Efficiency 9.3% 10.6%
; Tagger working point 0.13% | 0.36%
2 | Normalization uncertainty 2.29%
Total 10.7% | 11.7%

ToDo (Hadi)

= Change the jet probability
distribution, and use another
discriminator for the
templates used in the
tagging efficiency
determination.

= Use another distribution to fit
the purity.

= Cancel the correlated
uncertainties on the b-jet
fraction and the Rp,
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POWHEG simulations

> : S N
§ 1071 B —— FOWHEG+PYTHIA (Naw) 3 Ht K. ——— POWHEG+PYTHIA (New)
E ‘ N POWHEG+PYTHIA (Old) g 102k T POWHEG+PYTHIA (Old)
L5 102 FONLL ; s F FONLL
© _8_ E C\_ID.Do_l— i
-3 B aal
107°F nl<0.5 :
10 . i
E e 10° o
105 g Phe
10—6; M 10° a"“mw
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3 LV 107 ™
! PRI A TR S S SN T TR N TR TR T A SR t H{: E L | | I | | j*#'
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= Changes in "new" since the "old" one:
» acceptance |eta|<0.5 instead of |eta|<0.6 scaled by 1/1.2
= more suitable 1-GeV/c binning
» Lorentz-boost applied
= p-Pb nPDF applied
= No significant difference between "old" and "new"

= Marginal match to FONLL
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POWHEG systematics

29
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Data-driven fits to real data
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Unfolding closure test - inclusive

Unfolding of inclusive
spectrum of jets
filtered PYTHIA

response matrix
was filled with
inclusive jet

normalization spectrum

for response matrix

(=here the true spectrum)
are inclusive jets without

the requirement that

the jet was reconstructed

measured spectrum
is projection of the
response maitrix

on X axis

prior spectrum =
true spectrum

Ratio folded/raw

in this most ideal case

everything works
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Jet probabillity algorithm

Tracks with chi2/NDF<2 and 4 ITS hits P, >2 GeVic

Thuallly CEssh S —— e r———T
el 6.458 r f
' pt 01743 - B
- [ 843
p-Pb |5, =5.02 TeV :: - i §MP i ]
’ ; i PYTHIAS Simulasion PYTHIAB Simulation
pé 1017 o | pp 5 =502 TaV A pp 15 = 502 TeV
BT 0.904
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P10 4526eeD8 ol = ] 3} =
i1 -0.04353 Ecdels sy | Fc-dets
p12 1017 Wii-Jets : W-dets
oa
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LT
0 gy D 0.102030405060.70809 1 © 12 345678 8 10
slP, JP -In(JP)

xy

e Calculate the track probability (P )

= Sdo

f_.go

(S)ds [1=II% P,

Pff(sdo) = R

108

~ S
B 2 w0
3 $
w w
10?
102
—+— DATA Template
10° : ¥ b=
..... 10
10 ~ b-jet Template
—— c-jet Template 1
1 —— lf-jet Template
107! 10

@ Calculate the jet probability:
k
P=TIx3 " "" o =t 7 |ogﬂ) where

A Roﬁmﬂﬂmmflam
ing for the N=3 jets

—s=— DATA Template Fit
Result

—— b-jet Template
— c-jet Template
—— Ii-jet Template

LRLLLL BRLLL R AL Bl |

[ PR EPRPRPS IR RPN SNAPE EPRPUP B

Bosoy

[ |

2 4 [] 8 10 12 14

18
-ln[JP)

@ Construct the — In(JP) templates for the b,c, If-jet from MC

@ Apply the track counting tagger.

e Fit to data for tagged and untagged — In(JP) distributions.

tag

tag

e Determine efficiency by: ¢, = ch

data
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= MC efficiency

N = 1 jet
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Efficiencies
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tagged
— jet

tagged -
Ntota."

@ b-jet purity: P =

° N;‘a_é_rﬁd can be estimated using data-driven methods:

e by fitting templates for the JP.

rity

'IIII|IIII1IIIIEIEII|IIII|IIlIII]IIlIIII|IIiI!IIII-

309
0.8
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04
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é -Pb 5021' e
NeZDATA™ p ........... # Sun=5.02T V.3
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@ b-jet tagging purity is consistent between data and MC.
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Underlying event

. 1&;']"‘"'l""""'["""[‘ Rho_pp
o UE density: . s
pT 10*2?—+ ++ Rho_pPb
p = medlan( % ') C, where | o = 1285
' L ~pp
= CoveredArea b« T epPb g
TotalArea - ol - .
@ Correct the jet pr: -
Sub __ , _ e + E
pT " = PTj — PA;. S S
T o 2 14 16 18 20
A ——— p (Gev/c)
s E % 3
ive Y o5, =502Tev 3 @ UJE fluctuation for unfolding
2 107 z E‘,, —— Inclusive jet Events —
kS = 2 =%, —— Inclusive jet Events with sign I;
o % NiTeedtens | W Random cone method
c ° . - N=3 Tagged Events .
107* ? : Mﬂ,_;_“.,‘ EE 2
o g ] OpT = pT — pR
“E T
m-fE i f *ﬁﬁiﬁﬂ% » |f overlap with signal jet,
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Unfolding

@ Correction for detector effects.
= Detector response (DR) matrix is

Detector Response Matrix

g 8 Q0 Qo0
[ S

needed. i
@ The DR is built by matching jets at the i
detector level to jet in the generated level: .

ARjet1 jet2 =

\/(”?jerl = Men)® + (Pjest +p2)* <025

@ Correction for UE fluctuations (for p—Pb
collisions).
= background fluctuation (F) matrix need,

@ The F matrix built from the dpr
distribution.

@ The SVD unfolding was used (A. Hoecker et at). AR
@ Prior: PYTHIA b-jet spectrum (jet-jet Elen K2
MC). @ Combine both matrices for p—Pb : R = F x DR.
@ Closure test shpwg that the measured spectrum is correctly unfolded
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Production cross-section (pp and pPb
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= Production is consistent within N=1,2,3
= Constistent with POWHEG w/ scale variation
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b-jet fractlon (pp and pPb
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IS consistent within N=1,2,3 and POWHEG
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Ropp Of b-jets
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= The Ryp, of b-jets for N=1,2,3 is...
= consistent with unity
= and with theory predictions within uncertainties

*= The interaction of the b-jet with the cold nuclear
matter has no effect on the b-jet within uncertainties.
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Comparison to CMS and ToDo
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ToDo (Hadi)

= Change the jet probability distribution, and use another
discriminator for the templates used in the tagging efficiency
determination.

= Use another distribution to fit the purity.

= Cancel the correlated uncertainties on the b-jet fraction and
the Rypp



