MEASURING FLUCTUATIONS
CORRECTIONS: (RDENTITY METHOD
e e TGS

IMPERFECTNESS OF HMEASUREREWNTS

D@ THe SpeciAL CASE :
INCOMPLRTE. PARTICLE IRPENTIFICATION

B & THE INENTITY METHOO



IMPERFECTNESS 0F HMEASOREMENTS

MEASURE MENTS ARE NEVER PERECT,

THEIR RESVULTS DIFFER FROM A TRUE (REQVESTE D,
WANTED) RESULT  DUE TO:

— STATISTICAL FLUCTVATIONS AND

— SYSTEMAT\IC BIASES.

CLEARLY ; IN ORPER To QUANTIFY, AND POSSIRLY
CORRECT FOR THE DIFFERECES | ONE HAS

TO DEFRINE THE TRUE RESULT

THIS IS NOT TRIVIAL BY [ITSELF AND [T Wit

R DISCUSSED LATER.



STATISTICAL FLUCTUATIONS

STATISTICAL FLVCTUATIONS ARE NIFFERENCES RETUEEN
THE TRUE RESULT DEFINED FOR AN INFINMITE EVENT

SP;HPLE. (UM\UERSE DUE TO Fl NITE STHTISTI CS =
MEASURE B EVENT%

STATISTICA? . FLUCTUATIONS (DECREASE WITH THE AJVENT
STATISTICS M AS:
4/

THE onLY WAY To DPECReASE (M (ORRECT FoR")  STATISTICAL
FLUCTUARTIONS 5 TO INCREASE. EVENT STATISTICS.

THERE ARE WELL NEFINEND METHODS 7o QUANTIFY
A MAGNITUNDE OoF STATISTICAL FLvcTtuanANS
(CALCULATE  STATISTICAL UNCERTAINTIES ) .G,

THE ROOTSTRAP METHOD (TO RE NPISCU d€0 LATE R).



SYSTEMATIC BLASES

SYSTEMATIC RIASES ARE DIFFERENCES RETJEEN

THE TRVE RESULT PEFINELC FOR A GIVEN EVENT
SAMPLE AND THE HMEASUREp ONE FQR THIS SAMPLE |

SYSTEMATIC RIASES AREB INDEPENNENT oF EVUENT
STATISTICS  AND THUS ARE TYPICALLY QUANTIFIED

ISING S\MULATEY EveENTS WITH STATISTICS
MANY TIMES LARGER THAN THE PATA STATISTICS .

HIGH STATISTICS OF S(MULATED REVEWNTS 1S NEENED

TO REDUCHE STATISTICAL FLUCTUATIONS 0o NDFFERENCES
BETURRN) PURE MOPEL. RESOLTS (MC TRVUE ) AND
PURE MONEL RVURNTS CPROCERSSED RBY PETECTOR
SIAUVLATION | RECONSTRUCTION AND ANALYSIS CTHAINS
(hc HSASUN‘D)



MEASURED RESULTS CAN /SHOULD RE CORRECTED FOR
SYSTEMATIC RLASES., THE (DRRESPONDINC~
CORRECTIONS ARE NEVER PERFEUT. PISSIALE BLIASES
PDOE TO [MPERFECTNESS OF THE CORRECTIONS ARE
QUANTIFIER, RY SYSTEMATIC UNCERTAINTIES.

SYSTEMATIC UNCERTAINTIUES ARE MORE hiFFlauCT
TO0 CALCVLATE THAN STATISTCAL ONES.

THE CORRESPONNING METHORS ARE NOT VVERY
MNELL ESTARBULSHED,

FOR T™MORE ON SYSTEMATIC UNCERTAINTIES

SEE:
BARLOW | HEP-EX /020726

YSTRMATIC ERRORS! PACTS AND FICTIONS



SYSTEMATIC RBVASES':
MULTIRPLICITY DISTRIBUTIGN M (M)

—_— N T

N- — TRUE EVEWT MULTIPLIATY
Ny — MEASURED EVENT MULTIPLICLTY

M. (N;) = TRUE MOLTIPLIGTY DISTRIBUTION
Mn (Ny) - HRASURRRD  MuLTIPLCITY DISTRIBUTION

._—_-__--



TWO0 CASES 0F BIASES

O ALL TRIUE CVUENWTS AND ONLY TRUE EBVENTS
ARE MRASURED My = My ( EVENT DETECTION EEF = 4.)
BUT NEASOREN EVENT MULTIPUC(TIES ARE BIASED
Ny # N E.G, DUE TO!

— TRUE TRACK 0ETECTION EFFIUENCY < 4, Ny

— HMEASORED TRACKS INCLUDE TRACKS FRoM
SECANNARY INTERACTION S | WEAK NEAYS K/

—~ INCOMPLETE PARTICLE IDENTIFICATION N2\,
TQ RE DISCLUSSED NEXT

£
£ | T




USUALLY EVEeENT MIGRATION (S SIGNIFICAMT

EXAMRLE : FOR A SINGLE. BIN DISTRIBUTION AT N AND
A SINGLE TRACk DETECTION EFF(CiENCY €

N
_ . - . T
=> (PRoBARILITY OF  Ny#N) = Prceanan = 4- &

FOR £¢=0.9 AND N:=10 Puigratiay = 0.65

— u o~ M7=l00 Puceamion X 4

FOR A REALISTIC PISTR\BUTION WITH MANY NON~EMPTY 1BINS

THE MIGRATION FEFFECT (9 RENPUCED HDUE TO MIGRATION]
OF RBVENTS FRoMl OTHER RINS TO A BIN OF INTRERST.



@ 6 MULTIPLICITY OoF ALL EVENTS (S CORRECTLY
MEASUREN ) [\]’_1 = N7
BUT SORE gEveNTS ARE LOST AND SOME
UNWANTED EVENTS ARE MEASURED EG., DUE TQ
~ TRIGGER [MNEFRIC(ENCY M\,
- QFF-TARGET, OFF-TWME [NTE RACTIONS M P

=\ EN'S

P
2?: LOST TRUE :
2 100 - EVENTS

e T '——-_-_ -

IN A REAL EXPERIMENT RRIASES NUE TO NROTH

EVENT MIGRATION AND  LOST/UNWANTED EVENTS
ARE PRESENT.



UNFOLDING ' THIZ STANNDART CORREecTtioN METHOD
(DECONVOLUTION | UNSAEARING)

THE MBASURED P(Ny) CAN RBE RELATED TO THE TRUE ONE
P(Ny) BY INTROPUCING A RESPONSE MATRIX  R[Np,MNr]

THIS INYOLVES BIASES DUE TO:
- LOST EVENTS
~ EVENT MIGRATION (OFF- PIAGONAL ELENENTS )

GIVEN R (€.G. CALCULATED USING Mc) ONE  CcAN
WVERT 1T (R™) AND CALCULATE THE TRUE
DISTRIBUTION AS

> >

Mr(N7) = 2 Rh\r“n. ”T:I Mp (Ny)




THE RESPONSE MATRIX 1S USVALCY CARLCULATED USING
A MONTE CARLO SIMULATION.

FaR AD DHTPr, A& 2D HISTOGAN [S FILLED WITH RO (EVENTS:

% R [NHI NT']

)

EACH N.T coLumnN SHovw RAE NORHAUE
TO ITS M™MEASOREMENT KFFICIENCY,

AN BVYENT (1S EBITHER MEASURED ITH
A NALUE Ny OR ACcQUNTED IN
INEEFICIENCY .

B EFORE UNFOLNING- THE M, [_T\JM:]

DISTRINUTION SHOULD BE CORRECTED
FOR A CONTATNINMNATION OF UONWANTED
EvenTs (DATA OR HMC RASED CORREC".TIOI\))






EXAMPLE

— — P
1000 — -
| \ truth
L — measured
800 —— ® reco
600 ——
- A
400 —— ‘
— N\
I \
200 — Ny
Y I — . . —-o-o-
-10 8 6 <4 2 0 2 4 6 8 10



+ WITH INAIMTE  STATISTICS (DATA AND MONTE CARLO )
IT 1S POSSIRLE TO RECONSTRUCT THE TRUE
DISTR(RUTION CORRECTLY,

— HowBveER , FOR A LIMITBO MUMBER 0F EUEMNTS
STATISTICAL FLUCTUATIOMNS APPEARR AND THEY

ARE (WASHED OUT RBY THE EVENT MIGRATIAN .
CONSEQURNTLY R~ Canv NOT PISTINGUISHN

BETWEEN LIIDELY FLLCTUATING AND SmootH P(M7 )
(METHOD S HELPING- To SUPPRESS NON— PHYS[CAL

SoLUTIONS EXIST)

~  MOREOVER , UNFOLDING- 0FfF HULTI-NIMENSIONAL DBTA IS
DIFFICULT To IMPLEMENTED | OSualy ONSY p

AND 20 CasreS ARE CopeD.
+ READY To VUSE SOFRTUWARE: RooUnNenLp



THE SPECIAL CASE

INCONMPLRTE. PARTICLE IRENTIFICATION
— s T T

START WITH A SIMPLE REQAVEST o
MEASURE MUCTIPLIAUTY DISTR\ARUTION
OF Kt MEsang

= NEED TP MEASURE KR MmuwtipLiCiTY
EVENT- BY-EVENT

=) NEBED TO IDENWTIFIRD \41. MESONS

AMONG ALL POSITIVELY (HARGED
parTICLES (P, K*‘ T ¢")
B\ NEASURING paRTICLE ~MASS



PARTICLE MASS MEASURMENT

p=m p/(i-p*

= THIE METHOD ¢

MEASURE p & CHARGE PARTICLE TRATECTORY
IN A [ACNETIC [FlLEZLD

HEPT$URE ‘?, &- SPﬁC”:lC EI\JEQGV LOSS CdE/gl)( 05) )}
TIAE -OF - FLIGHT (3.-.-.- L/t )

CALCULATE ™



dE/dx [MIP]

EXAHPLE . MASS HEASURMENT VIA dE/dx

A/p" REGION bp 1N RR REGION
RELATIVISTIC o T
£ REGION 51500 +
| RISE R 21500 *\ T
d/p/

III|

500/ 4 |
i : c
| | |'.lj'.:-1|~||| - it sparl Lol 0 : | | | |M | \A_l | |
1 10 10° 0:0 1 1.5 2
q X p,, [GeVic] dE/dx [arb. units]

CROSS~-OVER REGION

< W

LSOALLY A RESOLVUTION OF MASS HMEASURMENTY IS NOT
SUFFICIENT To UNIQUEL IDENTFY  AlL PARTICLES



dE/dx [arb. units]

O'EB...9',9...,1,...,1;1....1;"’....1;3.,..1'4
w00l : COMBINING DIFEERERT
700- TECHMCS HELPS
oF RUT STicL NOT PERFECT
00} WORKS IN A LIMITED
300 ACCePTANCE ‘ [EXPENSIVE

1 1.5

m? [GeV?/c?]

0.5

0

0.5

1400
1200}
10005—
800}
600}



THE QUESTION IS HoW TO COONT INENTIFIED
PaRTICLES (E.G. K' MESONS) (N TNE CASE YOU
CANNOT UNIGQUELY (DRENTIFY THEMN BECAVUSE
THEIR MASS SPECTRA- ONVER CAP,

&P \ T
15002— /\ 7T+

1000

counts

5001 |
i =
| P <) o INCOMPLETE. PARTICLE (DENTIFICATION
7 | o : —> THE IPENTITY METHOD

dE/dx [arb. units]
< ™



B O @ THE |DENTITY METHOD

ASSLME  MASS NDENITY FUNCTION S
S)e(m) | S’ﬁ (M) | gk("") | S)P(W\)) ARE  GIVEN |

THEN ONE DEPINES A PARTCLE [DEMTITY AS !

D)= 8i(m) /(3. (m)), 02 wi(m)Z. |

L



PARTICLE (NENTITY DisTRIRJTION USING MASS MEASUREMEIWT
Vidk dE/dAx [N [QELATIVISTIC MASS REWON: FxAMNALES

nt single particle identity wpl K single particle identity wk
Entries 3328665 Entries 3328665
g B Mean 0.7425 g Mean 0.05807
- RMS 0.4173 —— RMS 0.1814
g 10°F " | € 10°F K"'
3 ; ) £
10° 3 10° &
10°E 10
10° 10° =
102 E_ ] |
0 0.2 0.4 0.6 0.8 1
W, Wk
THERE ARE SIGNIFLCANT REGIONS Kt IDEMNTIFICATION (S PoOR

AF ALROST UNIQUE [NENTIFICATION
O= T."-'. O\Mol P
(HﬁXIH& 0OF W—

0 LJP ax T 4.) MAJA HACKOWIAK Ph.D. |IKF



THEN AU'"E\rENT HUL.TIPL\ClTY” 0 IDEMTIFIED PARTICLES
IN TrHE CASE OF INCOMPLETE. INENTIFICATION
CAN RBE [NTRODUCED:

N
b= S NJCML) € IDENTITY ENENT MOLTIPLIC(T)

E s

HERE THE SUM RUNS OVRR M, PARTICLES HEASURED
I AN EVENT.

NOTE =~ THAT ONLIKE TRUE EVENT MULTIPLICITY

THE  MEASURED IDENTITY MULTIPLICITY IS A REAL
NON~ NEGATIVE NUMBER,

THE INTRODVCTION OF THE IDENTITY MULTIPLIUTY
1S THE FIRST RBLENENT OF THE INENTITY METHOD,

GAZOTICK) GRERIESZKOW, MACKOWIAK, MRELICIYNSK]
PRC83 (201) 054807



FXAMPLES of AD IDENTITY MULTIPLIC(TY DISTRIBUTIONS

W_ distribution P! W, distribution Wk
Entries 1625305 K Entries 1625305
N Mean 1.52 N Mean 0.1292
2 RMS 1.213 2 10° RMS  0.2833
o 5 e
5 10 ;
++ * 10°
10*
10*
10°
10°
102
10°
10 10
1 'I—I""" 1 |||||I||||||||
o 1 2 3 4 5 6 7 8 9 10 0 05 1 15 2 25 3 35 4 45 5
W, W

K

NOTE ASSYMETR\C SMEARWNG OoF THE TRVUE MT(N)

STILL <|\18>=<b\5‘k>

MAJA HACKOWIAK pPh.D. |KF



PROTON

EXAMPLES of 2D IDENTITY
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MAJA HACKOWIAK Ph.D. |IKF



FOR AN EVENVT SAMPLE THE BINNED IDENTITY RUCTIPLICUTY
NDISTRIRUTION CAN BE oRTAINED:

-x8 -8 -8 - .B —-0B
Mm (we,n N LJP) ,  WHERE wd, LABELS

RINS IN Ué,

THEN |N THEORY THE UNFOLDING CaN RE  USED
TO GET THE TRUE MOULTIPLCITY PISTRVABUTIAN

Mr(N)= Y[, N ]xm, (U°)
WHERE
e _ B __06 __Q&
LSB_-_C(,J‘:’,UT‘.'LJK'(,JP>
N = CNQ'I Nrr, MK) NP)




... BUT THE PATA ARE 4D AND THE RESfoNSE
MATRIX 8D

| AM NMOT AWARE OF ANY NUOMER\CAL
PROCENDURE. WHIcH CAN RE USED IN
THTIS CASE.

3y

A NED METHOD IS NEEDED:

U

THE MOMENT UNFOWING — THE SECOND

ELEMENT QF T®E INENTITY METHOD .



THE MOMENT UNFAQWDING- ¢ THE SECOND MOMENTS

GORENSTEIN, PR C8{ (2010) a24902
@ DEFINE VECTORS A¢ TRVE AND MEASURED MOMENTS

& \ .
<Ng > >
< N> :
NG >
by e >

— NeN7
<U‘Nk>-?. <NCMK> AR D <w6 “k> =
< N, MP>
<N;—,—NK§ |
< Ne Np
< ”K NP> <L]|(U|o>




® CaLculhTE THE MOMENT RESPONSE MATRIX
-~ P, —D
R KW W7 <N, Np]

THE MOMENT RESPONSE MATRIX (S CALCULATED

LDaING THE MASS PENSITY FUNCTIONS EITHER
BY & NURERICAL INTEGRATION

(IMPLEMENTRD INS Tioppriry METHOD, RUSTAMOV )
BY A MONTE CARLO SIMULATION

(vP TO NOW NOT TRIED)

INVERSE THE MOIMEWNT RESPOMNSE MATRIX

CALCULATE TRUE MOMENTS.,
—0D

|- —b R — O
o <N N> = R wk7a<”o°”k>] < Wy Wy




... DTHER HMOMENTS ALSO cAN BE UNFOLNED
" __RUSTARMOV, GORENSTEIN PRc 8¢ (2012) 04306

THE FIRST MOMENTS:

Ne? i | <U.” HERE INSTEAD OF

<Nz | = R“L{J)' <-,3>3 « | <687) HASS NENSITY FUNCTIONS
< MgS U MASS PDFs ARE VJSED
<NpD QL TO CALCULATE [DENTITY

AND HIGRER MOMENTS

° o 0 & gd (w\) AND LOWER ORDER MOMCHTS
ARE NEEDED

FOR ALL MOMENTS  THE NATA (5 4D ((AND THE

RESPONSE HATRIYX 2D\ THVS THERE ARG

MOMENT UNFOLDING-.



IN GENERAL , IN ANDITION TO THE R1AS DUE TO

OTHER RIASES.

[T SEERS TO BE POSIBLE TO GENVERALIZE THE
INENTITY METHOD TO [NCLUDE CORRECTIONS
FOR OTHER BRIASES

HOME KORK V7



REFPERENCES TO THE IDENTITY METHOD

THE FIRST 10EA:
GAzZ0TICK) GRERIESZKEW, MACKOWIAK, MRAWCZYNSK]
PRC83 (2011) 054807

2Ny MOMEANTS!
GORENSTEIN, PRC&Y (200) 0’4902

OTHER M™MOMENTS:
RUSTAMOV, GORENSTEIN  PRC 86 (201?) 044306



