sPHENIX Jet Calibration

Numerical Inversion method in pp + AA

.

SPHE
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Di-det MonteCarlo

¢ 10 < p1=' < 75 GeV/c

. 7] <045

e prin bin of 2.5 GeV/c
o Anti-k+ R = 0.4
» No p cross section scaling

e Simple Geometric Matching
- Reconstructed jets are matched to true jets within AR < 0.2
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Numerical Inversion
Method

Goal: Correction factor as a function of (p°°)
1. Obtain (R) as a function of p;™™", R = preco/p lruth

2. Obtain <p113eco> as a function of p%mth

3. Plot (R) Vs. (pp®), then fit

4. fipr) = a+ b -In((pf™°)) + ¢ - In((pre°))’
5. Apply correction as 1/f(pr)

(x) Values are obtained from mean of gaussians fit in the range ( p%{eco/ pTTruth) +1.5- a(p%{eco/ p%r‘“h), where
(p%{ec‘)/p%mth) is the numerical mean and o is std. dev. of the distributions. There is a hard cut at p?eco <10 GeV/c
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Reco in “slices” of p%r“th (2.5 GeV)

PP (10.00 <pr"" < 1250, 0.00 <Ini <0.45) PP (1250 <pr"" < 15.00, 0.00 <Inl <0.45) PP (15.00<p"" < 17.50,0.00 <In <0.45) feco

PP (17.50 <" <20.00,0.00 <Inl <0.45) P (20.00<pI™" <22.50,0.00 <Inl <0.45) P (2250 <pI"" <25.00,0.00 <Inl <0.45)

300)

250)

200)

150}

pI* (25.00 <pr"" <2750,0.00 <l <0.45) Pl (2750 <pr"" <30.00,0.00 <Inl <0.45) Pl (30.00 <pr"" <32.50,0.00 <Inl <0.45)

pI* (3250 <pr"" <35.00,0.00 <Inl <045) Pl (35.00<pr"" <37.50,0.00 <Inl <045) Pl (37.50<pr " <40.00,0.00 <Inl <045)

P (40.00 <pI™" < 42,50, 0.00 < Inl <0.45) p**® (42,50 <p"" < 45.00, 0.00 < Inl <0.45) p**° (45.00 <pI"" < 47.50, 0.00 < Inl <0.45) p**° (47.50 <pI"" <50.00, 0.00 < Inl <0.45) P (50.00 <p"" <52.50, 0.00 < Inl <0.45) P (52.50 <p."" < 55.00, 0.00 < Inl <0.45)

L

PP (55.00 <pr"" <57.50,0.00 < Il <0.45) P2 (5750 <pr"" <6000, 0.00 <Inl <0.45) P2 (60.00 <pr"" <6250,0.00 </l <0.45) Pl (6250 <pr"" <65.00,0.00 </l <045) Pl (65.00<pr"" <67.50,0.00 <Inl <045) Pl (67.50<pr" <70.00,0.00 <Il <0.45)

200)
180 si0 00y 5758
160
140)
120}

- Good fits with gaussian away from edges of MC production (10 & 75 GeV)
- The mean from each gaussian is taken as (p?eco) in each p%mth bin
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in “slices” of pTTr“th (2.5 GeV)

me /p:'“"' (10.00 < p:""" <12.50,0.00 < Inl <0.45) p:‘” / pi’“‘“ (1250 < p:""' <15.00, 0.00 < Inl <0.45) p:”" / p:"“'“ (15.00 < pf""‘ <1750, 0.00 < Inl <0.45) p:"“ /p:"‘"' (1750 < p:"“" <20.00,0.00 < Iyl <0.45) p:“” /p:'“"' (20.00 < p:""" <22.50, 0.00 < Inl <0.45) p:"” / pi’“‘" (22.50 < p:'”" <25.00,0.00 < Inl <0.45)
240p=
220| ‘
200
180)
160)
140)
120)
100)
80
60
40|
20,
0
pre /p:'”” (25.00 < p:""" <27.50,0.00 < Inl <0.45) pre 1 p:”'“ (30.00 < p:'“‘" <32.50, 0.00 < Inl <0.45) pPe /p:“‘"' (32,50 < p:”‘“ <35.00, 0.00 < Inl < 0.45 ) pr /p:'“‘” (35.00 < p:""" <37.50, 0.00 < Il <0.45) PP/ pl’“‘” (37.50 < p:”” <40.00, 0.00 < Il <0.45 )
700
450g= 600 s00f= ®
s00f= 500p= c00f=
500= 500f=
350= -
400f= 50
300g= 400f= 3
400} a00f=
250 3008=
200 300 300f= 00
150 200f= 200f= 200
100f=
0
Pl /p"™" (40.00 <p}™" <42.50, 0.00 <l <0.45) pre /p™" (42.50 < p."™" < 45.00, 0.00 < Inl <0.45) P /p™" (45.00 <pI"™" < 47.50, 0.00 < Inl <0.45) PP /™" (47.50 < p[™" <50.00, 0.00 <l <0.45) P /p™" (50.00 <p}™" <52.50, 0.00 <yl <0.45) PR /p™" (52.50 <p."™" < 55.00, 0.00 < Inl <0.45)

pre /p:"'"' (55.00 < p:""" <57.50, 0.00 < Inl <0.45 ) PR/ P (57.50 < p:"'"' <60.00, 0.00 < Il <0.45) PR / p™" (60.00 < p:"'"' <6250, 0.00 <Inl <0.45) pree /p:""" (62.50 < p:”” <65.00,0.00 < Il <0.45) pre /p™" (65.00 < p:'"'" <67.50, 0.00 < Il <0.45 ) PR/ P (67.50 < p:"'"' <70.00, 0.00 < Il <0.45)

T T T T

- Good fits with gaussian away from kinematic edges (10-75 GeV)
- The mean from each gaussian is taken as (R) in each p%ruth bin
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S

R vs p7°®0.00 < Iyl < 0.45
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Truth
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0.66 13.61/18
PO 0.3922 + 0.04337
p1 0.1398 = 0.0255

p2 ~0.01233 = 0.003722

Reco /

P
1T

T

0.64

0.62

0.6

0.58

0.56

0 10 20 30 40 50
piece [GeV/c]

- Limited Fit range to 15-55 GeV/c
- Limited to range where gaussian fits are

reasonable
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Corrected JES Plot

pReco / pTIrUth vs. /"™, 0.00 < Il <0.45

2, Q Tk E 220
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. Ratio at Unity with low pT deviations
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Ratio Closure Test

2 _—
- 2 / ndf 27.28 /19
1.5 — PO 1+ 0.0004654
1}.X.Zo‘f’"-'—-. .
0.5
I
0.5
_1 I_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I
10 20 30 40 50 60 70

Truth
pT

Constant fit to ratio consistent with unity,
High pT unaffected
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pReco _ pTruth VS. piruth, 0.00 < h]l < 0.45
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Difference Closure Test

>
N 2 | ndf 35.34 /19
1.5— p0  —0.02401 =+ 0.01894
Nl
0.5 :—
- T
05k
| | | | | | | | | | | | | | | | | | | | | | | | |

« Constant fit consistent with O
* Deviations at low pT
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n dependance of JES fit

R vs p_IF_ieco

f=a+b-In(p3e) + ¢ - In(pp°)*

0<|n|<0.1125 -0.01901

10.7/17

RSl 04227 01228 -0.01001  11.51/17

0.225 < || < 0.375
0.4817 0.08797  -0.00477 15.58/17

0.375 < || < 0.45

0.347 0.1659 -0.01587 10.83/17
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JER Parametrization

Goal: Understand performance in pp, and see what
can be applied to AA

Based on: https://arxiv.org/pdf/1210.6210.pdf (ATLAS)

1/16/20
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https://arxiv.org/pdf/1210.6210.pdf
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Fernando TA

JER In pp (R=0.4)

2 | ndf 149.8 /20
pO 0.7434 = 0.01227
p1 0 + 0.1256
p2 0.07636 = 0.002683

40

p%r“e(GeV/ C)

« Reasonable fit after ~20 GeV/c

. )(2 driven by first few points
1/16/20




0.6

0.5

04

Reco
Pt
p:ll:rue

0.2

0.1
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JER in AA (R=0.4)

- %2 / ndf 53.65 /20
B pO 0.9961 + 0.007155
— p1 5.487 + 0.01778
B P2 0 + 1.486
s
L

« Similar story in AA
- Better fit overal
1/16/20




0.6

0.2

0.1
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JER in AA w/ Parameters from pp

(1

v2 [ ndf
ol0)

41.02 /22

6.098 + 0.04947

Reco 2 2
Iaﬂi?irue> :I\ (Qljéli | +|(%J\ I+00762 | | | | | | | | | | | | | | | | | | | | |
10 7~ V20 7 40 50 60
pr(GeV/c)

Parameters a and ¢ taken from pp JER
Improved fit with forced parameters
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MB for Low pT Jets

Jet pT SpectraMB + 5 < pr < 70 GeV/c

htemp

Entries
Mean
Std Dev

2344137

6.597
12.27

‘ Illlllll‘ IIIIIIII‘ I|||II|I| IIIIIIIII R

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | | | | I |

I

S mm

10 20 30 40 50 60 70

Can be improved with dedicated production
Suggest PhaseSpace:bias2SelectionPow

Goal: MC for high pT jets (without pr binning)
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MB For Low pT Jets

pfece / pl""“ vs. p™™", 0.00 < [n| < 0.45

8 5 2
T [
1% Entries 274616 _ae
Mean x 32.96
1.6 B Mean y 0.75
ot Std Devx 21.39 —30
1.4 Std Devy 0.1808
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1
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;
. Crossover from MB to pr production needs work
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Fernando TA

About the Code

e Builds with latest Version of Fun4All

- Uses TTrees created from myjetanalysis in sSPHENIX/
tutorials

- Works inside Singularity containers (can upload container if
easier for others)

* Analysis is on github for others to pick up:

- Additional dependencies can be added easily (z-vertex, for
example)

- Two version of analysis. One works with myjetanalysis, the
other with TreeMaker (from Dennis).

e Github Link: https://github.com/ftoralesacosta/macros.git

1/16/20
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Fernando TA

Next Steps

* Further Explore Low Jet pT

- Have some minbias MC for low pT in back up. Easy
to pick up from there

* Flat Jet pT Spectra for further studies
- See my phpythia8.cfg

- Suggestion: PhaseSpace:bias2SelectionPow

 Add TEnv or config file for binning and cuts

- Changes must be recompiled in .cc file right now

- Fun4All doesn’t need to be rebuilt each time

1/16/20
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Fernando TA

Backup

1/16/20
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Fernando TA

Summary

e JES/JER Explored in pp and AA
- Works well for jets pT: 10 < pT <70

- No strong eta dependance (backup)

e Code works with latest version of Fun4All

- Hopefully easy for others to use

1/16/20
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orrected Gaussian Fits

v Co~pp N v vy S v bp v S P S v vv S S v ) br Arev S b S 1o vu S S v br v N b S iy vu S S vy br\elev NPl N Euirv vv S S v L \ewru ST S vieu vy S s vty )
200 220 220f
5445 Entries. 6715 Entries 7141
180F" 17.81 200~ Mean 217 2008 Mean 2381
o 6452 180k StdDev 7.001 180k Std Dev 7337
31.93/36 ¥ I ndf 38.46/40 2 I ndf 4307 /41
140f= 1632231 160f Constant 1838233 160 Constant 1912234
15.21+ 0.23 Mean 20.87+0.14 Mean 23.53+0.13
140 140
120f 7.96 + 0.28 Sigma 7427 = 0.179 Sigma 7.37 = 0.16
120) 120
100}
100) 100f=
80|
80| 80
60) 60| 60|
49 40| 40|
20) 20 20
0 0 0
Reco Truth Reco Truth Reco Truth Reco Truth Reco Truth Reco Truth
P (26.25 < P < 28.75,0.00 <Inl <0.45) L (28.75< P < 31.25,0.00 <Inl <0.45) . (31.25< P < 33.75,0.00 <Inl <0.45) [ (83.75< P, < 36.25,0.00 <Inl <0.45) [ (36.25 < p, < 38.75,0.00 <Inl <0.45) o (38.75< p. < 41.25,0.00 <Inl <0.45)
200f= 220f= — 2208 Eres 7750 220
200 200 Mean 313 200 Mean 3623 200
Std Dev 8002 StdDev 8.464
180f= A 1ot 478543 . 4107145 180g= 2 gt 473945 ¥ 5824 /46 180) A Indt 60.13/48 180)
160F= Constant 1898+ 33 Constant 1963+ 33 160f= Constant 1928+ 33 197.3233 160f Constant 188232 160
Mean 26172013 Mean 28862012 i Mean  31.08:013 33631 0.12 ook Mean 3628013
140 Sigma__ 7.517.+ 0.157 Sigma___7.338 0.133 140 7.701: 0.154 Sigma 8141+ 0.161 140
120} 120)

120)
100
80)
60}
40
20

Truth

P (41.25 <p"" <43.75, 0.00 < Il <0.45 ) P (43.75 <p " <46.25, 0.00 <In| <0.45 ) pl** (46.25 <p. " <48.75, 0.00 <Inj <0.45) p**° (48.75 <p"" <51.25, 0.00 <In <0.45) p**° (51,25 <p"" <53.75, 0.00 < Inl <0.45) P (5375 <p."" <56.25,0.00 <Inl <0.45 )
200} 200)
4501
180 9.216 180)
448951 160) » 438153

x 3 160
1829230
46242013 140

191.4=3.1

120)
100
80}
60}
40}
20}

PP (5625 <p. " <58.75, 0.00 < Inl < 0.45) PP (6875 <p."" <61.25, 0.00 < Inl <0.45) P’ (6125 <p."" <63.75, 0.00 < Inl < 0.45) P’ (63.75 <p."" <66.25, 0.00 <l < 0.45) p™* (66.25 <p."" <68.75, 0.00 <l < 0.45) PR (68.75<p."" <71.25,0.00 <Inl <0.45)

200 140)
180) 043 120
160) p 71.45/54 P i ( A
1781228 B - - 100 1197222
140) 56.1620.15 - *

054
120 0.393.+0.182

. Corrected gaussians are wider as a result of JES Correction
. Division by mean yields slightly smaller JER
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pEe /p:'“'” (11.25< p:”"‘ <13.75,0.00 < Inl <0.45)

48.68+1.94
1.044 = 0.027
0.4581= 0.0384

Sigma _0.2819 = 0.0058

pEe /p:'“'” (56.25 < p:”‘“ <58.75,0.00 < Inl <0.45)

700

600

500

400

Erircs 615
Mean 0s9s6
StaDav 01777
2 et 1682113
Gonsiant 662 105
Mean 09995 = 0.0026
Signa 0.1708 + 0.0031

Fernando TA

Corrected Ratio Fits

pr/ p:"“"‘ (13.75< pi’“‘” <16.25,0.00 < Il <0.45)

PRt p:”" (28.75 < p:'“'" <31.25,0.00 < Il <0.45)

Sigma 02595 = 0.0049

> / pI"" (43.75 < p["™" < 46.25, 0.00 < Inl <0.45 )

Pl /p™" (58.75 < p."" < 61.25,0.00 <l < 0.45)

0
Enties e560
70 Mean 0se18
Std Dev 01726
60 22 Inch 1882113
Gonstant 70985 1.0
501 Mean 10012 0002

Sgma 01555 = 0.0025

P /™" (16.25 <p!"" < 18.75,0.00 <l < 0.45)

220)
200)
180)
160)
140
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80|
60|
40
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1757538

09443 = 00162
0.4957 = 0.0232

400f=

350

200p=

150

508"

Mean 09966 = 0,0042
sigma 0253 0005

Truth

pre / p:'“'" (46.25 <p["™" < 48.75, 0.00 < Il <0.45)

pfee /pI™" (61.25 <p!"" <63.75,0.00 <l < 0.45)

0.1565 = 0.0028

pre | p:”"' (18.75< p:“" <21.25,0.00 < Inl <0.45)

184
1030

034

%207/20
1444233
08482 = 00122
0.4252 00165

7507
1.001

024020
2595119
28574
0997 + 00036
02269 = 00044

Truth
I

pre /pT™" (48.75 < pj’“‘" <51.25,0.00 < Il <0.45)

60

50

40

30

10.01/13
602.4=10.0
1.005 = 0.003
0.1841= 0.0040

Pl /™" (63.75 < p."" < 66.25,0.00 <l < 0.45)

70

60

50

40

30

Entres 266
Mean 0s887
st Dev 01691
2 9070112
Gonstant 691110

Mean 09675 = 0.0024

Sigma 0.1562 - 0.0028

More narrow widths
Means centered ~3/4

1/16/20

pre / p:'“'“ (21.25< p:““" <23.75,0.00 < Iyl <0.45)
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11 Dependance
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0<|n|<0.1125

0.75—
0.7—
E ) B f —a+b- ln(prll}eCO) +c- ln(pTReCO)Z
o -
3 B %2 / ndf 10.7 /17
i+ 0.65
B p0 0.3043 = 0.07417
- p1 0.1878 = 0.04369
B p2  -0.01901+ 0.006384
0.6—
0 10 20 30 40 50 60

p?eco [GeV/c]

- Limited Fit range to 12-55 GeV/c
* \ery reasonable fit in given range
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0.1125 < || < 0.225

0.8
0.75—
g 0.7 :_ f —a+b- hl( Reco) +c- hl( ReCO)Z
2 - B Pr Pr
a‘%é\k B +2 / ndf 11.51 /17
0.65— p0 0.4227 + 0.0839
B p1 0.1228 + 0.04923
— p2 -0.01001 = 0.007169
0.6—
0.55(—
B ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ]
0 10 20 30 4 50 60 70
p_Fr‘eCO [GeV/c]
- Limited Fit range to 15-55 GeV/c
* \ery reasonable fit in given range
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0.225 < |n| < 0.375

0.751—
B 1 !
0.7— Reco Reco\2
- f=a+b-In(pt=°) +c - In(p;~")
2 n
Qo u
E._ 0.65— v2 / ndf 15.58 /17
o - pO 0.4817 = 0.08296
B p1 0.08797 = 0.04876
- * p2 ~-0.004777 + 0.007117
0.6—
055 _l_ | | | | | | | | | | | | | | | | | | | | | | | | I | |
-50 0 50 100 150 200

phe® [GeV/c]

* Please excuse plotting range.

 Box is useful for fit errors
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Truth
pT

Reco /
T

Fernando TA

R vs p?ec" 0.34 <l <0.45

N 0.375 < |n| < 0.45

B f=a+b-In(pF*°) + ¢ - In(pFe°)?
B ¢

B 2 / ndf 10.83/17

B pO 0.347 + 0.09335

- f = a+b InﬂprTe“) +C Irm(‘p’T‘*‘”)2 0.1659 = 0.05537

— p2 ~0.01587 + 0.008153

-I_—I ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] I ] ]
~-150 -100 -50 0 50 100 150 200 250

p_Fr‘eco [GeV/c]

* Please excuse plotting range.
* Box is useful for fit errors
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Fernando TA

JES with MB Jets

Good Gaussian Fits for full pT range
Difficulties with crossover from low pT MB to pT-hat MC production
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pT Spectra (MB + 15 < p 70)

pt
htemp
10° == Entries 2344137
— Mean 6.597
— Std Dev 12.27
5
10 §
10“&— ’ -
E*._,’
1035—
1025—
10 =
1§_111|||1|1||111|||| HM"'
+0 10 20 30 80
pt

Difficulties with crossover from low pT MB to pT-hat MC production
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MB Jets, JER

Reco Jet Energy Resolution 0.00 < |n| < 0.45

0.3—
0.25—
0.2f—
0.15
0.1_1 1 1 1 l 1 1 1 l l l 1 1 1 l 1 l 1 1 l 1 1 1 1 l l 1 1 1 l 1 1 1 L l 1 1 l 1 l
0 10 20 30 40 50 60 70 80
S
. Needs dedicated production
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0.05

Older JER Plot
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