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Validation workflow

* For each CMSSW (pre)release, a set of release
validation samples (relvals) is produced, for:

e data
re-reco and/or re-calibration

e FullSim
usually recycling generation and simulation,
unless changes are expected/possible

e FastSim
produced from scratch and with x10 more
statistics than FullSim



Validation Workflow

» Data Quality Monitoring histograms are
produced

* A group of validators looks at those histograms
They specialize per detector, per physics
object, or per physics analysis group

 Comparisons run wrt a previous reference
release; in addition, FastSim-vs-FullSim
comparisons are performed within the same
release



FastSim and Reconstruction/
Calibration

* The general aim of the CMS FastSim is to deliver low-level objects
to be fed as input to high-level modules that are in common with
FullSim (e.qg., the digitizers) and in many cases also with data
(e.g., reconstruction (*), calibration)

* (*) most notable exception is tracking, which is emulated

* One implication is that very often, when the routine validation
procedures spot an unexpected discrepancy in MC with respect to
previous releases, we understand if it is related to simulation itself
or to changes in reconstruction/calibration, because in the latter
case both MC distributions move coherently

 Sometimes an unexpected change in reconstruction/calibration is
unnoticed or unclear in the FullSim validation because of poor
statistics of the validation samples; FastSim samples have 10x
larger statistics and help spotting this kind of issues



Particle Flow

LM HCAL
' Clusters
hadron ' : detector

ECCAD
Clustérs

charged

hadrons particle-flow

« |dea: first perform particle-ID (u,e,y,h*,h% sequentially and mutually exclusive)
and calibrate each candidate according to its identity, then build jets and tau-
jets, calculate isolation, MET, etc., ignoring charged particles associated to

pile-up
 Compare with calorimetric approach: first cluster all calo deposits, then correct

* Because of the PF approach, the accuracy of the simulation of tracks (the only
physics objects whose reconstruction takes shortcuts in FastSim) has an

indirect impact on the accuracy of every object downstream! §
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tracks: resolution
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electrons: pt
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electrons: eta
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photons:

Photon reconstruction efficiency vs simulated Et
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Muons:
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Fraction of Muons

O
N
O,
|
;
i
:

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

llilllilllilllilllilll L
2 6 8 10 12 14 16 18 20

Fraction of Muons
=
N

] ttbar |
] o fastsim |
e full sim

ossstimnip s

0.15

. ()
T

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

o Fractioﬁ of Muo_&s
(&)}
|

-
= -
- -
2._ .....................................................................
-
. . . . . . . . .
- . . . . . . . . . -
. . . . . . . . .
. . . . . . . . . K
T N O N T I T ey
.
. . . . . . . . . -
. . . . . . . .
L4 . . . . . . L4 e T I L
. . . . . . . .
-

1 1.7
o
o
Ly

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

: : : E : E : : -
Olllllllllllllllllll L1l Ja gy | B IS ) §=Beh L1l 0.1:_

L

B

0O 2 4 6 8 10 12 14 16 18 20

track iso

- . -

005.—.— ................................................................
. . : .
= . . .

. .
llllllllll 1 1 L1l

19 0O 2 4 6 8 10 12 14 16 18 20




muons: id , \

ttbar
hits e fast sim

: : : : : Entries 60373
0.035 TR seesncd et o -1 Mean 43.44

RMS _ 11.88 e full sim

| K| P Y \_ J

chi2
Entries 60373

B : : : : : : | Mean 1.269
0.14 RS RN AR SRR SRR teeeeeni-..| RMS 1.191

. . . . .
. . . . . . o . . . . . . . . .
o ® e -t - - . . . . . . . . .
= . . . . . . . . .
- o o o e e . . . . . . . . . .
AR, e R RASLe EART.ASe NS . | (il i ] S | el A R ol N () B (7 S T R PO R Sesesssboccnssdeccnced fessssseNecsssssbocnnes

. . . . . . s . . . . . . . . .
. . . . . . . . .
" 2 -+ - < - * > . . . . . . . . .
= £ e s L " . . . . . . . . .

. . . . . . . ® = -

W0y -] BRI CTNORRTR | Tea ORI | (B SRCANY ol | TR N N S N DU S
AR e ......... —— ......... _________ : ..... : 0.08_ ....... ....... ....... ....... ......

. . . . . . . .
. . . . . . . . .
. . . . . . . .
B . . . . . . . . .
. . . . . . . . . N . . . . . .
. . . . . . ' . . . . . . . . .
B . . . . ° M B B 2 e B CEE I
D ODB B s I o o A s e s e 8 s v ‘ : . ; : : : : : .
. - . . . . . . . . .
N . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . .
. . . . . . .

. . . . .
lllllllllllllllllllllllllll

0 10 20 30 40 50 60 70

num Of hits 0.02F ...... ......
ol e el o il

0 2 4 6 8 10 12 14 16 18 20

chi2 / ndof

‘d . . . . . . . . .

— . L . . . . . . .
0.04H §i i SN N S

® . . . . . . . . .

- . . . . . . . . .

p— . . . . . . . . .

20



- 0<leta] < 1.5 =% 30 < pt <200

o’

—

jets (PF): pt

- ™ E | i *»
ttbar P K .
e fast sim ?ﬂf fHER L £

e full sim 1

%
»

\- J

—

W P - (il

-

- o ot 4 }
: Nl * ‘4!5‘ A
o & 4Ty T B el o'l 1.5 <'|eta] < 3 -
'4“. . -
1]

+ 30<pt<200 7 : i

o
(o)
|

30 < pt < 200

-

10°

|

=0 HW
9
.

l

<pt / true pt>

'}2 —— ‘O — l-;l alo.- nic
: [ 1M I I
- ol *« - Py s
- | ! |
0 | | | | | -
-6 4 2 0 2 4 6

eta Oil 13‘12' . ‘041 ‘ ‘C.IG l .O‘Bl - lll | l1‘2l l I‘Ii. l l16 I IISJ 2y
) pt / true pt



10°

10°

107 E

jets (PF):

nheutral ecal

@ E fraction

:
'charged ecal
E fraction
.”!9 #q-g‘!'?‘.‘ &,‘% g. - - “""‘?:’&
;f;*l';'n' 1.: 44 1}-1}
; S ;’ S

22

r

-

N
ttbar

e fast sim

e full sim )

neutral hcal
E fraction

-
-

charged hcal
'E fraction

\Wh-.~\~n~ .

[ "» . ‘“q\\
- L]




Events/10
2,

1 lll”l]

T
QO
n
—t
| lllﬁ

10°

MET "

—

| 1l lllllll

Full

UL Il”ll
lllll

| L IIIHII

T 111110

MET

23



non-b jet Efficiency

—A
Q

—
<
N

b
<
w

b-tagging

—h
TTTIT

| l LI

)

700pre1 TTbar CSV
REAESEZEEN REARY PRERN ENERE AR

| LLLLLL

| l.llllll L L L L L

Ll l..ll.l

I

g

N T
0.

0.2 0.3

05 0.6 07 08 0.9 1
b-jet Efficiency

ttbar

24

a fast c-jets vs b-jets
e full c-jets vs b-jets

s fast uds vs b-jets

o full uds-jets vs b-jets

non-b jet Efficiency

—
Q
-
I

—h
<
no

-t
<

w
T

10°E

—
I

700pre1 TTbar CSVMVAB

ceaond ol Lol

l.ll.l

LLLL

l

08 1
b-jet Efficiency



eff

Ratio

10

—
N,

y ! | w
w l'l'""l"l‘1""]"”1""'”“]""[‘ l]ll"

1.15
1.1
1.05

-

0.95
0.9
0.85
0.8
0.75

Sample: ZTT Dots: FastSim Line: FullSim

tau eff

!

I B

e O ¢ 0

DecayModeFinding
LooseCombinedlisolationDBESumPtCorr

MediumCombinedlisolationDBSumPtCo
TightCombinedisolationDBSumPtCorr

rr

A

VLooseCombinedisolationDBSumPtCo

-2

25

eff

Ratio

10

Sample: ZTT Dots: FastSim Line: FullSim

11 0l

[

e O ¢ 0

V0LooseCombinedisolationDBSumPtCorr

DecayModeFinding
LooseCombinedisolationDBSumPtCorr

MediumCombinedlisolationDBSumPtCorr
TightCombinedisolationDBSumPtCorr

'lilllilxli

L
08

'llll;llilx Ll

40

60

80 100 120 140 160

sy
no
T'Y'rr]‘T_l'T‘]" 'r'rr‘rr'rr“lTr'."

=

{)

© © o ©
N & OO O o

>

-

e
L 4

RIS
4

S
—ees—o

O
N
o

740 160
P,/ GeV



eff

Ratio

tau fake rate

BSampIe: ZEE Dots: FastSim Line: FullSim

BSampIe: ZEE Dots: FastSim Line: FullSim

107 E 0
= *
= @ DecayModeFinding G o DecayModeFinding
10° % LooseElectronRejection q) % LooseElectronRejection
E > MVAElectronRejection > MVAElectronRejection
. o MediumElectronRejection o MediumElectronRejection
TightElectronRejection TightElectronRejection
e WW R i S ammn amay u¥ SES S ooy SR T
: M"m,f.ml.mm RO = B e BN e e .
o e = =g gruy STEPR

et e

”l ] I I sendeended. l el ll 1 I l ! L
1 2:3 1.2
== (o) 4= : T - -
E - - Y i & i f P
0.8 08¢ } T T 9
C 0.6 % L R ]
0.6 E : ; ! : ’ !
- 0.4F ; . 5
0.4— - : : :
E 0.2 el
0.2 - : .
i )| - i i & Sascaticl AR it i
-3 3 0 20 40 60 80 100 120

Ry pt



Last minute note

® How do physics analysis groups deal with fastsim
inaccuracies?

® they don’t use fastsim

® they use fastsim and introduce fastsim/fullsim
or fastsim/data scaling factors and/or introduce
fastsim related systematic uncertainties

® 3 good awareness of this could help setting
priorities for development towards improved
fastsim accuracy
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Summary

® Validation of fastsim mostly based on fullsim

® fullsim vs fastsim comparison plots are
produced and studied for most relevant
variables for most relevant physics objects

® with some exceptions, fastsim performance
ranges between very reasonable and excellent:
for basic kinematic variables AND
identification variables
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