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Background and Motivation

Choose a set of tuning parameters to describe Data/MC
discrepancy.

Perform mass fits and find the minimum x2 value in this
parameter space.

* Use [ shift and smear directly as tuning parameter.
* Rigidity discrepancy between Data/MC.

* Different x2 -minimization methods.



Isotopes Fraction Determination
Mass Fit Method (Call back)

Tune Byqr and Bagy, -
* Uniformity corrections (index, reflection rate, run), on Data and MC.

* Calibration of expension length, on Data
« Smearingof1/£,on MC

Tune Bror based on By ,r , for MC:

e Match the core g of t 1 between data/MC
Bror  BnaFr

* Bror tuning BetaHR::DoMCtuneNew()
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Add R smearing

The resolution of mass can presented as:
O1/m _ | OR\y 4. 91/B+,
1/m_\/(R) RESY 2

The discrepancy between data and MC is likely due to multiple scattering
effects :

oS o5 0.0136
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If Data/MC discrepancy comes from multiple scattering, rigidity smearing
value should be:
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Thus, choose % as the 3rd parameter to do 3D parameter scan



Studying MC-Data Dlscrepanmes
via Mass Template Fit x°

. 6
Basic Steps: Add the smearing of% as 3rd parameter.
1. Setting two parameters to tune MC, shift u and smearing o :
e 1/p' == + 5, 6 ~ N(Su, 60ﬂ2), B’ is the tuned velocity, and  is raw

velomty
® R’ =R+ 5R, 5R ~ N(O, 5O-R2)
2. Scan the y? of parameters, the scan range:
e SuUE [% (ag — 0.02),71; (ag + 0.02)] , Vis the shift value of 1/f corresponding

to the minimum-x> from a method.

* 00g € [O 10.0 - 21/5] Yror = 10 x Xn,r , Smearing value of
energy (rigidity>100GV).

. %50’13 € [0, 10.0 - ﬁyzZl/ﬁ], the factor ,8)/2 ensures that the scanning range
contributes similarly to 1/m.
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Method of Searching Minimum x°
Tune MC:

Apply the corrections (shift & smear) event by event, fill kinetic bins,
accordingly, perform template fit and x2-scanning in each bin.

Use ROOT::Math::Minimizer to do the 3D minimum
1. Normalization: parameters to range [0, 1].
2. Simulated Annealing : Explore the parameter
space and identify the global minimum region
3. Migrad + Hesse : estimate parameter errors using
Hessian matrix.

Perform minizations:

e 2D 5[11/3"' 60’1”;

* 2D opq/p+ 60g/R with fixed 601 ,g(twiki smearing)
« 3D 6#1/ﬁ+60'1/ﬁ+60'R/R



Validation of Minimizer Performance

x> Projection on 3 parameters:
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Smearing Value of 1/ R;,,,,.,- for Li, Be, B and O
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Smearing Value of 1/ R;,,,,.,- for Li, Be,

Fit with py /[
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Smearing Value of 1/ R;,,,,.,- for Li, Be, B and O

Fitwithp, /[

} NaF fixed o,

0.025F - + TOF fixed T

o
© o
—
Ol
llllIIIIIIIIIIIIIIIIIIIIIIIII




Verification of R smearing

Spatial Residual of L2

The L2 spatial residual can serve as a proxy for R;,,,,.- resolution

Use the exclude residual on y-direction:
: _ 12 12
residual = Yhit — Ytrack

* TrTrackR::GetResiduall()

* Track Geometry : inner L2&&(L3||L4)&&(L5||L6)&&(L7|[L8), NiH T > 5

* Fit Geometry:inner exclude L2

* Algorithm : V. Choutko
* Alignment: V6

* |sotopes selections

Sigma of Core Gaussin
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Cross Check of R smearing
Spatial Residual of L2

— 2 2
Oresidual — JGIN + GMS

At low energies, the residual caused by multiple scattering:

L. gpiane, 2915672 X [1+00381 <x>]o< !

g =~ . ~ . . . . nl— -

M3 MS 038-p X, X/l BR
oS 0.0136

X X
R~ 038 Bl %o [1+ 0. OSSln(YO)]

o
R - oys ~ B[T]L2[m] 'f , B~0.14T

Factor g,y is estimated by events R, > 300GV

R-oyc=~R- |02 — g2 oc—1
MS ~ residual IN ,B
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Cross Check of R smearing
Spatial Residual of L2 (Li, Be)

As expected, R - oy is proportional to 1/

R-oys~R- |0 — 0} oc—1
MS ~ residual IN ,B

For Lithium and Beryllium, L2 residuals show agreements between MC
and Data.

Lithium L2 Residual Beryllium L2 Residual
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Cross Check of R smearing
Spatial Residual of L2 (B ,0)

For Boron and oxygen, the MC/Data discrepancies are more significiant .

Boron L2 Residual Oxygen L2 Residual
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1/ B 441 Smear for Li, Be,Band O

1/ B 441 SMears obtained by TMinimizer have difference from the
a method at low energies Fit with py - e P15 + p,
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1/ B yor Smear for Li, Be, Band O

1/ Bnqor SMears obtained by TMinimizer have difference from the

a method at lower energies
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1/ B yor Shift for Li, Be,Band O

1/ By qr Shifts results are still beyond understanding...
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1/ Br,r Smear for Li, Be,Band O
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1/ Br,r Smear for Li, Be,Band O

® 3D TOF shift

3D TOF fit 4 2/ndf = 36.01 /5
2D TOF shift

2D TOF fit y?/ndf =2.12/5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 fixed e TOF shift--
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TOF shift from a.
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Enhance Statistical Precision in Isotopic
Fraction Measurements

The fraction of 1YBe has significant statistical erros. We can make use of
different isotopic cutsoff to increase the statistics.
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Enhance Statistical Precision in Isotopic
Fraction Measurements Be
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Enhance Statistical Precision in Isotopic
Fraction Measurements Be

10Be by 3D minimizer Tuning
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Summary and Plans

1. Use minimum )(2 to study the discrepancies from Data/MC, for
1/6 :
* Smear at lower energies is larger than the value from high

energies.
* Shifts value are still beyond understanding, especially for 2-

isotope fitting.
2. A potential rigidity discrepancy §oi /R~1072. the results still
need valid verification.

The results still need valid verification from detectors.
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Use the Scan Method with Boron and Oxygen

For Boron and Oxygen, the 2D quadratic function fitting is not satisfactory:
* The y? /ndfvalue aren’t close to 1. B~3, O~10 (only 10 template)
* Difficult to do 2D-fitting across the wider scanning range.

* There is a potential contribution from rigidity.

. 2
Boron massfit y? (no tune) Oxygen massfit y“ (no tune)
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Minimum y* of for Li, Be, Band O
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o o 2
Reference: Minimum X

The minimum found in the parameter space by TMinimizer is
significantly smaller than the original value.
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Method Correction

For the traditional beta shift method:

1\" _ 1\ o1 _ af
(M) - ¢ (M)’ = J1-BZ+a?p2
If the shiftis applied solely to S, it will also alter the rigidity
distribution within each bin, consequently changing the mass

template.

Apply shift and smear to the events, fill the bins accordingly, and
perform a template fit in each bin.
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Towards understanding of R smearing

The resolution of rigidity can presented by:

_ 2 2
O1/R = \/UIN + Oy

At high energies, the resolution is dominated by the intrinsic spatial
resolution, where data and MC are in good agreement.

At low energies, the discrepancy between data and MC is likely due to
multiple scattering effects:

obtS  opme 0.0136 Xt 0,038l
R~ 6, ~ 038 B[TlLm] |x, | n( ]

If Data/MC discrepancy comes from multiple scattering, the smearing
value should be:

Data/MC

1
R
Q)




Check of Position of TOF Layers

If the ISS/MC discripency is from discripency in layers z-position. The
shift value can use to estimate the z-coordinate discripency.

Inspired by Y.Chen’s pre, this method offers a potential cross-check at
low energies.

Relative Shift ¥ = g1 1/~
7 P
o ' ' ' — 1 " Ad = X127.30 cm
! ] 1
x%/d.of. =13.55/7 Ft1
0.002~ | p0 = 0.0014 +0.0001 | 7]
i 1 risthe fit from this plots.
i 127.30 cm.is the z-distance
O-— ] from Low-TOF to Up-TOF.
: I'-*** : Ad = (_O- 18 £ 0. OZ)cm
~0.002 -
1 ]
4x107"

1
Ek/n [GeV/n] 33



Data Base & Events Counts

ISS B1236 pass8(12.5 years)

Track Cuts

Standard cuts
* good RTI & good run & Physical trigger
* Above geometry IGRF cutoff
Tracker
* Within L1Inner Fiducial volume
« LIXY &
N_InnerHitsY>=5&L2&(L3IL4)&(L5IL6)&(L7IL
8)& InnerNormChisY<10
* charge:
g_inner € [3.55, 4.45]
gL1(unbias) € [3.38, 4.65]
good gL 1 status
BG reduction
« 1 track Il no good 2nd track I
rigidity2nd<0.5GV
TOF
« beta>0.4
« charge: g_uptof € [3.4, 5.5]

MC B1308 pass8

Beta Reconstruction Cuts

TOF

» tof_beta > 0.4 & betah BuildType <10

* C00_chis <5 &time_chis <10

» Not passing TOF edges

 (_lowtof € [3.4, 5.5]

RICH general (pos correction accoding z)

* good status & clean

* Kolmogorov test probability > 0.01

 N_pmt>2

* charge: g_rich € [3, 6]

NaF

« Good NaF status Region

* N_pe(ring)/N_pe(total)>0.45

AgL

» Good Agl status Region & remove bad
tiles&remove border

* N_pe(ring)/N_pe(total)>0.4
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Lithium and Boron

Lithium 1/mass shift (raw) Beryllium 1/mass shift
1.0l ———— ———— - 1.0l ———— —
: 1.005
: 3
: 0.995
0.99— — : | i 0.99-+—————l : —— |
4x10™ 2 3 4567810 4x107" 1 2 3 4567810
E /n [GeV/n] E./n [GeV/n]
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Move to Boron and Oxygen

Boron 1/mass shift (raw) Oxygen 1/mass shift (raw)
1.005————— — ————r e —

- > 3 4567810 4x10™" 1 > 3 4567810
E /n [GeV/n] E /n [GeV/n]
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