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Connection slide
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Overview of calibrations
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+ Correcting MC for data/MC differences (scale factor):

___data MC
description of detector performance (tracking) and material SFy =ep " (pr.m)/ e (pT:11)

description of modelling for hadron productions/decays

+ In a nutshell: “isolate a sample of a given jet flavour, compute the efficiency
on the b-tag selection on data, compare with MC”
+ Point of attention:
choice of process [choose processes with little theoretical uncertainties]
selection efficiency (how to collect events)
contamination from other flavours
selection bias: should not affect the tagging efficiency

+ Two main assumptions [on the SF, NOT on the uncertainties]:
SF are universal (sample/process independent)
SF are per jet related and independent of what happens around the jet (factorisation)
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bjets: CMS, ATLAS

+ 2 preferred samples with enhanced b-jet content: /@

Vg -~ B
.. . .. b cb 7 ¢
+ di-jet events with muon-in-jet. > L,
_ @[ :| D, D*, D*, ...
pt rel (*), system8 (*), JP template fit > -
muon requirement significantly enhance b-jet fraction ... ! !
high cross section (but need to use prescaled triggers), understanding
correlation between b-jet efficiency and presence of muon is crucial
larger theoretical uncertainties on flavour factions @ ef ut
f Ve, Vy
W+
g
— W_
t e U, T, q
Vey\_, !VT! '
+ ttbar-based methods: e ¥er

large xSection, characteristic topology: events are easy to collect/identify (I+jets/dilepton selection)

decay of b-hadrons FULLY inclusive
dileptonic analyses: tag counting, kin. selection, combinatorial LikeliHood, tag & probe

|+jets analyses: tag and probe (*)“N

difference in the way the efficiency is extracted
(how many jets actually considered, etc)

(* ) also performed by ATLAS in Run1 but not the Ieadmg Run2 method
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10° 35.9 fb™ (13 TeV, 2016) . .
£ 'St CMS CSWv2 M b-_[ets. CMS
Fomrmvpmassitsm 2 16 Tagged jets (200 <p_ <300 GeV) + Data R N NS A DT EBIREIC S,
s b ' b
S "k Bic
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3 E ttbar-based calib:
N3 dilepton kin selection: per
F jet kinematics MVA to
0.4
- separate b and |
00 02 04 06 0.8 1 1.2 1.4 1.6 1.8 2 I+,iet tag and prObe
JP discriminator likelihood-based approach
lifetime method: for assigning jets to hadronic

. L. _ or leptonic b-jet
similar method as pte but fitting output of JP tagger (mildly correlated

with the final discriminant) which has better performance at high pr

CMS loose WP medium WP 359 5" (13 TeV, 2016)
w” [ DeepCSVL | cMVAV2 M
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+ SF close to 1 “| -= System-8 LT | —=Kin
| ==Kin TnP TnP
+ %level uncertainties over L ; ;
a large pr range: N Sl ans e 1
nice complementarity 08— . o v =S . L
among analyses w’ | DeepCSV L [ cMvAv2 M
1 o= 7 \é\_/teighted average I \é\(teighted average
. — i S— |
LT methOd domlpated by : —t— Fit + (stat @ syst) : —t— Fit + (stat @ syst)
tracking uncertainty on JP i i
Shape 1w_ ) .I.
g 5 3 — J.
0.8 1 1 T | 1 1 1 TR TR T T O 1 1 T 1 1 1 1
30 40 50 60 100 200 300 400 40 50 60 7080 100 200 300 400 500

Dao Valerio Jetp_[GeV] Jetp_[GeV]



o)
Q
S

\ 4

/

g c W+c (CMS) ttbar (ATLAS,CMS)

b
t /
©
W+
c
Ky

+ Select events with 1 lepton + MET + at least 4 jets

+ Select events with 1 lepton + MET + at least one

jets containing a soft muon + identify pair of jets compatible with hadronic W

boson decay:
+ Exploit charge correlation to increase purity:

signal is OS, background has very similar OS/SS
contribution

ATLAS: cut & count on kinematic fit output
CMS: template fit to 2D mass probability

+ lower purity but main background (light jets from W)

+ High purity but rely on specific c-hadron decays Tk . \ .
as similar modelling source as signal jets

+ mainly cover low pr _
+ NO assumptions on c-hadron decay

10° 35.9fb™ (13 TeV, 2016)
o 60f 10° 35.9 fo' (13 TeV, 2016) o 108
= L = o A B R S 2 E i 3
S - CMS ¢+ Data ‘ S - CMS § = ATLAS Preliminary —$-Data [Ctt: cl+lc pair]
© 50+ BW+c [JZ +jets - r » Data m S 4 [t Npair [ bl+lb pair]
4 . . T 50 - | s=13TeV, 36 t ,
o - W + uds [t @ C T right W, ] s pro [l tt: other pair [l Background
; 40 - BWwW+b A% é o] B tt, wrong Wh ] 10 = re-fit, pre-tag 7/ Uncertainty E
= - w40 B Other ttdecay - .
9 - C B sSingle t - T
(11 30— 30— LW, Z +jets ] 104?

E i B Muttijet =

20— 20 .
o C ] 10°
- [~ . .
10:— 10 _
- ° C ]
facn o 00 o 00 F ] 1.4
....- ................................................................................................................................... | d L L ‘v -o

o SETTFET o 1of ————e 2
I 1F @ " 9.0.2.0.90.0.0.8. 8. @5 gg 4 = + + - 1
g g 8 ey ¢ ] S o8
a 0.5 Eicecrsecsiesiuniessnesisiniinsssssnsesssiesnsssssnssntisssnssusssssnsssssnsesssseassssesssssssessassassnssssusensssssssssssssessnsssssnsss 8 F ¢ + ] 8 0.6 2

-1 -08 -06 -04 -02 0 02 04 06 08 1 05E s ® 65 0 T3 0 T




c-Jets: uncertainties
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+ “Negative tag method"

+ Relying on di-jet events (triggers heavily pre-scaled)

impact parameter of tracks is approx symmetric for light jets

build a version of the tagger only considering tracks with negative impact parameter [with reversed

sign] or flipping the sign of the tracks as input to the algorithms]
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35.9fb™ (13 TeV, 2016
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+ With tighter working points:
large increase of b/c contamination (especially for light rejection < 1%), Kur —> decreases
mis-tag originates more from decay in flight/material interaction and not track IP smearing, K.. -> increases

effects compensate for central value ... but uncertainties increases substantially
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light-jets (uncertainties)

- - . _
_medium WP - o
@ 1.4— -7 —o— + Similar performance between ATLAS
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+ In ATLAS SF confirmed by adjusted MC method:
correcting MC for known differences in tracks performance (+full set of tracking uncertainties)
large SF are a consequence of mis-modelling in track impact parameter resolution
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pT coverage

s

+ Reach of data-driven calibration

b-jet (ATLAS)

c-jet (ATLAS)

e
b-jet (CMS) |

c-jet (CMS)

light jet (ATLAS)

light jet (CMS) [

I
0 200

4+ Outside the measured boundaries:

ATLAS: additional extrapolation uncertainties obtained from varying tracking / jet related
uncertainties: 5% - 40%

CMS: doubling the SF uncertainty
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fully continuous distribution in CMS

x10°
C -
. . ] . o . S 12 CMS ¢ Data
+ calibration of continuous tag weight distribution @ | 40<p <60GeV W
= 0 <24 B udsg +

+ Iterative approach:

b-jet enriched region from T&P in dilepton events

light-jet enriched region from Z+2jets events (one anti b-tagged)

fitting SF in tag weight bins in one region, applying to the other etc

fast convergence (3-4 iterations)

0 0.2 04 0.6 0.8 1

smoothing the output result for fully continuous SF CSVv2 discriminator

35.9 fb' (13 TeV, 2016)

Ty E
o » L CMS
+ Source of uncertainties: + 40 <p_<60 GeV
. . o . |l <2.4
data stat. implemented as 2 independent variations: linear "

15—

and parabolic

largest sources of unc. from modelling and HF contamination
in light jet region: 1 nuisance parameter per flavour i

yes uncertainties correlated with the rest of the analysis 1 m
c-jet have same SF as b-jets but with doubled (and E I T S
uncorrelated) uncertainties |
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pseudo continuous distribution in ATLAS 2 «E 2525 -om 3
e e o e e o E 106 ;E s=13 TeV, 36.1 b |:|b-?'ets E;
+ SF measured as a function of pr 4 WP corresponding to = 10°E =ng,:tf.,t -

4 (large) bins in tag weight distribution: c : SE B

for b-jets: SF in tag weight directly extracted from the LH ; é
method = 3
for c/light jets: SF in tag weight obtained by “subtracting” - -
information from consecutive WP E E
Shi. ol Sl - il : :

SF60_7O e 70 %C 60 60 MC 8 1_5;_ \: Syst. + MC Stat. Uncertainty —
Siic — Slic %‘, 1_ ..... e T T et e
A o.5§— e =

4 05 0 05 1

MV2c10
+ Information of tag weight distribution only available in these 5 macro bins (pseudo continuous):

no shape interpolation inside each bin (not smoothing versus pr)

+ Estimation of uncertainties follows the diagonalisation of the full (pt-tag weight) covariance matrix,
taking into account correlation of sys uncertainties:

pro: fully correct approach with no extra assumptions on variations shapes/correlations (allows for any
arbitrary shape variation compatible with the input systematic uncertainties. Create orthogonal variations for
ProfileLikelihood fit

cons: can only use binned information, many nuisance parameter O(100) ( # pt bins x # tag weight bins)
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ATLAS




Booste reglme ( __ ) -

+ When using sub-Jet for b -tagging need to callbrate sub-jet response [then uncertainties can be
propagated to the X->bb tagger]:

CMS: performing calibration of subject in high pt largeR jet environment the SF uncertainty

ATLAS: performing b-jet calibration of track jets with same ttbar method, using same SF as standard jets
for c/light with additional extrapolation uncertainties.

- O 1 .3_ 1T T 1 1T T | 1T T 1 | 1T T 1 T T T T
medium WP 35.9 fb” (13 TeV, 2016) =2 | -
LL.Q 1.1 T T T T T T T T T T T T T S~ : ATLAS :
. ©
n — - © 1 .2_ _ -1 ]
TN \\\\\\\\\\\\\\\\ nln W ls=13TeV,36.1f07 -
AN \\\\\\ x\\\\\\\\\\\ AN
| , \N \\\\\ NN \\\\ NN \\\\NQ\\‘ - -
1 : }\& NAANNNNN\N \\\\\\ \ \ \\\\QNN\ AN 1.1 —
NN S \ \\\\\\\\ W\ \\\\\&\b\\\\\: - _
LT method . N i
0.9 \ | 1__ -
CSW2 M ] - ]
N , : 0.9+ —
0.8 % Subjet (stat @ syst) — " LH Method i
W i B o S
\Q\Q AK4 jet (stat @ syst) | 0.8 MV2c10, &, = 70%, single-cut OP- Total Uncertainty -
I N T R R | L Anti-k, R=0.2 track-jets Stat. Uncertainty -
-7 200 400 600 800 1000 - t _+_ .
Gev 0.7 T I | | T I | T I | | T I | | T I | L1
by [GeV] 0 50 100 150 200 250
Jet P, [GeV]

+ Similar performance as for calo jets (although larger uncertainties in certain cases)
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_Boosted regime (1)

o et ol o e a2 N S i e L = N A =

+ When using sub-jet for b-tagging need to calibrate sub-jet response [then uncertainties can be
propagated to the X->bb tagger]:

CMS: performing calibration of subject in high pt fat jet environment the SF uncertainty

ATLAS: performing b-jet calibration of track jets with same ttbar method, using same SF as standard jets
for c/light with additional extrapolation uncertainties.

> L e B B L =
loose WP 35.9 b (13 TeV, 2016) §  0.9F ATLAS Simulation Preliminary ___ . =
— &) - : =
TH B = =5 Double b-tag, 77% b-tagging eff. ~ ..... Jet Scale =
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B e AK4 l—"- 0.7 = b-tagging =
16 - ° SUb]et 8 0.6 f_ Total syst. uncert. _f
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e 0.4f —
AR _..---:::._-_::::33::‘""--- SRRl e 0.35— . —E
1.2! "~------..----_-_"'_'_'_. - D S A '.':
T, S - -::::—_______.: =zzzzzit H= 0_2 ;-— :"_":7;’:7.'":";7:’_'":’.":7;7"‘."':“.":'.“:".'T:T.'T:*.":’:'.'E
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0.6 200 400 600 800 1000 &J 0.8 E
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T 400 600 800 1000 1200 1400
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+ Similar performance as for calo jets (although larger uncertainties in certain cases)




+ When the boosted tagger needs more complex information —> need full double b-tagging calibration

+ Selecting g->bb events with a largeR jet containing 2 muons or 2 subjects and at least 1 with a mu

35.9 fb' (13 TeV, 2016) > L e e I S L o
;og 16002_ CMS (D: 0.3;— ATLAS Simulation Preliminary —;
z raogF. Alliets (350 <p, <430 GeV) o 2 oasb s=13 TeV E
d 00: AAAAAAAAAAAAAAAAAA b g E —BB E
(\n 12 :_ wwwwww c_s 02__ _ _BL _—
§ Jo0ok g - —cc .
ot e =z 0-15:_ - CL B
............. 01 :_ | LL _:
- s .
0.05 J'J =
Oég-r:p = P . . E

240 20 0 20 40 60 80 100
Sd
0

0.4 0.6 0.8 1 1.2 1.4 1.6
JP discriminator largest impact parameter significance of the

three leading tracks (for both sub-jets)
35.9 fb”' (13 TeV, 2016)
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o Bllg—bb o = {s=13 TeV det=3.2fb'1 =
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JP discriminator
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Boosted regime (2)

— A o e e — a7 N e e han B it — a2 B

+ When the boosted tagger needs more complex information —> need full double b-tagging calibration

+ Selecting g->bb events with a largeR jet containing 2 muons or 2 subjects and at least 1 with a mu

35.9fb" (13 TeV, 2016) 0.1
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+ SF: ratio of tagging efficiency for double b-hadron jets (background subtracted)

+ rate: probability of events passing double b-tagger for ALL jets (no background subtraction)
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+ CMS:

“Identification of heavy-flavour jets with the CMS detector in pp collisions at 13 TeV”
JInst: http://dx.doi.org/10.1088/1748-0221/13/05/P05011

+ ATLAS:

“Measurements of the b-jet tagging efficiency with the ATLAS detector using tt events at \sqrt= 13 TeV”
arXiv:1805.01845

“Calibration of light-flavour b-jet mis tagging rates using ATLAS proton-proton collision data
at \sqrt=13 TeVV” ATLAS-CONF-2018-006

"Measurement of b-jet tagqging efficiency of c-jets in tt events using a likelihood approach with the ATLAS
detector” ATLAS-CONF-2018-001

“Boosted Higgs (— bb) Boson Identification with the ATLAS Detector at \sqrt=13 TeV” ATLAS-
CONEFE-2016-039

Dab Valerior o | o Higgs Toppihg WOrkvshop'-ABenavsue‘ S 20


http://dx.doi.org/10.1088/1748-0221/13/05/P05011
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2016-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-006/
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b-jets muon

in jets
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~ b-jets CMS: muon in jets

+ JP: likelihood based discriminant using track from primary vertex probability (only positive IP tracks)

10° 35.9fb" (13 TeV, 2016)
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+ fitting kinematic discriminator to obtain the fraction of correctly reconstructed b-jets (discriminator
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3 bijets CMS: ttbar jets
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ttbar e/mu + 2jets (one b-tagged)
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35.9 fb' (13 TeV, 2016)
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~ ATLAS: cumulative to pseudo continuous transition

+ Extension considering Nwp finite WP:

effective SF computed with a dedicated calibration or by ‘subtracting’ cumulative calibration of 2 adjacent WP
(correctly taking into account the correlation of the uncertainties)

more precise adjustment of the shape but ALWAYS within the bin
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5 macro bins (100%,85%,
77%,70%,60%)

# pr bins (b/c/1) 5/5/4*3 6/3/9*2

tag weight usage fully continuous

number of I\lljFr:certainties 3/3/3 30/20/80

comments 2 shapes (.Stat.') + 1 full declomposmorj of
contamination covariance matrix
c-jet treatment same SF as b with doublea independent calib
unc.
b tag hf fraction shape Signal and all backgrounds
b tag hf stats (linear) shape Signal and all backgrounds
b tag hf stats (quadratic) shape Signal and all backgrounds
CMS ttHbb note: b tag If fraction shape Signal and all backgrounds
b tag If stats (linear) shape Signal and all backgrounds
b tag If stats (quadratic) shape Signal and all backgrounds
b tag charm (linear) shape Signal and all backgrounds
b tag charm (quadratic) shape Signal and all backgrounds
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-026/CMS-HIG-17-026_Table_002.png
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