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Introduction

• Energy resolution for hadrons measured by only 
LHCf is not good because hadronic showers 
develop in the deeper layers. 

• LHCf+ZDC enable to cover the whole hadronic 
showers and has better energy resolution
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Introduction
• This work is taken over Kondo’s work.  
She analyzed events that particle enter in center 
of LHCf detector. 

• She confirmed improvement of the resolution 
with SPS2021 data.

Only LHCf LHCf+ZDC
Mean TS:331.1GeV, TL:426.4GeV 
Resolution TS: 50.4%, TL:46.2%

Mean TS:341.5GeV, TL:363GeV 
Resolution TS: 18.1%, TL:17.7%3



Introduction 

• Check hit position dependence of energy. 

• Motivation is to check ①light yield correction, ②position of ZDC fiber, 
③effect of the shower leak of vertical direction.



Hit position block
• Divide hit position into 5*5 position blocks . 

• Analyze block by block 

• Exclude 2mm edge regimes.
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Data

• TS 
SPS2021: 350GeV proton, 
run 70293, 70298, 70299, 70304, 70306, 70307 

• TL 
SPS2021: 350GeV proton, 
run 70294-70297, 70309-70311, 70314-70318, 70339-70341  

• In only LHCf analysis, hit position is determined by position sensitive detectors in 
LHCf(GSO bar). 

• In LHCf+ZDC analysis, the position is determined by ADAMO             
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Method to reconstruct energy(E_ZDC)

• In Data analysis, 
E_ZDC[module] = lvl2_a1->fOpenADC[i]; 
E_ZDC = (E_ZDC[0]-pedestal(0))*ratio(0) 
              + (E_ZDC[1]-pedestal(1))*ratio(1) 
              + (E_ZDC[2]-pedestal(2))*ratio(2) 

• In MC analysis, 
E_ZDC += lvl2_a1->fZDC[i]
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Method to reconstruct energy(E_LHCf)
• 2<=layer<11,  E_LHCf+=lvl2_a1->fCalorimeter[tower][layer]*LY_TL[layer][ix][iy] 
layer>=11, E_LHCf+=2*lvl2_a1->fCalorimeter[tower][layer]*LY_TL[layer][ix][iy] 
 

• E_est = E_LHCf+ E_ZDC 

• E_rec = f(E_est) 

α

f is quadratic function in this time 
For ,  

TS:  

TL: 

Eest = x

f = − 0.01269x2 + 43.17x + 50.36

f = − 0.0069x2 + 34.91x + 45.07

LY_TL[layer][ix][iy], LY_TS[layer][ix][iy] is Light Yield correction which is 
made by Kondo.

 is scale factor. 
Pick up the events which correlation of E_LHCf and E_ZDC is more liner. 
This liner function is  in TS,  in TL. 

In TS,  . In TL,  . 

Scale factor is TS: , TL: .

α

EZDC = − 34.04ELHCf + b EZDC = − 25.52ELHCf + b

Eest = b/34.04 Eest = b/25.52

α = 1/34.04 = 0.029 α = 1/25.52 = 0.039



Correlation between E_LHCf and E_ZDC
• Method3: all events 
 
 
 

• Method4(fitrange): limit the events

Ideally, E_LHCf and E_ZDC 
should be proportional. 
But, in low energy and high 
energy range, the events 
violate this proportional 
relation.

9 This 2 methods are from Kondo’s work.



MC Data (by Kondo-San)

• TS 
SPS2021 350GeV proton 
total number of events: 55837(with 2mm edge cut) 

• TL 
SPS2021 350GeV proton 
total number of events: 141112(with 2mm edge cut) 

• Hit position is uniform.
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Energy distribution in each blocks(LHCf only)
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Result by only LHCf
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Energy distribution in each blocks(LHCf+ZDC)
h_ene_block15

Entries  592
Mean    317.7
Std Dev      82.8

 / ndf 2χ  75.64 / 64
Constant  1.22± 20.45 
Mean      3.1± 311.5 
Sigma     2.67± 67.45 

0 100 200 300 400 500 600 700
[GeV]recE

0

5

10

15

20

25

en
tri

es
/b

in h_ene_block15
Entries  592
Mean    317.7
Std Dev      82.8

 / ndf 2χ  75.64 / 64
Constant  1.22± 20.45 
Mean      3.1± 311.5 
Sigma     2.67± 67.45 

reconstructed energy SPS2021 proton 350GeV TS_pol2 block15
h_ene_block25

Entries  1785
Mean      311
Std Dev     78.82

 / ndf 2χ  117.5 / 79
Constant  2.37± 66.01 
Mean      1.8± 309.3 
Sigma     1.71± 66.17 

0 100 200 300 400 500 600 700
[GeV]recE

0

10

20

30

40

50

60

70

en
tri

es
/b

in h_ene_block25
Entries  1785
Mean      311
Std Dev     78.82

 / ndf 2χ  117.5 / 79
Constant  2.37± 66.01 
Mean      1.8± 309.3 
Sigma     1.71± 66.17 

reconstructed energy SPS2021 proton 350GeV TS_pol2 block25
h_ene_block35

Entries  1176
Mean    303.3
Std Dev     76.97

 / ndf 2χ  100.3 / 68
Constant  1.87± 42.92 
Mean      2.0± 306.6 
Sigma     1.74± 60.31 

0 100 200 300 400 500 600 700
[GeV]recE

0

10

20

30

40

50

en
tri

es
/b

in h_ene_block35
Entries  1176
Mean    303.3
Std Dev     76.97

 / ndf 2χ  100.3 / 68
Constant  1.87± 42.92 
Mean      2.0± 306.6 
Sigma     1.74± 60.31 

reconstructed energy SPS2021 proton 350GeV TS_pol2 block35
h_ene_block45

Entries  3040
Mean    307.8
Std Dev     74.18

 / ndf 2χ    179 / 80
Constant  3.1± 122.4 
Mean      1.3± 309.3 
Sigma     0.99± 61.84 

0 100 200 300 400 500 600 700
[GeV]recE

0

20

40

60

80

100

120

140

en
tri

es
/b

in h_ene_block45
Entries  3040
Mean    307.8
Std Dev     74.18

 / ndf 2χ    179 / 80
Constant  3.1± 122.4 
Mean      1.3± 309.3 
Sigma     0.99± 61.84 

reconstructed energy SPS2021 proton 350GeV TS_pol2 block45
h_ene_block55

Entries  1923
Mean    307.6
Std Dev     78.56

 / ndf 2χ  107.2 / 78
Constant  2.31± 71.59 
Mean      1.8± 305.6 
Sigma     1.48± 67.93 

0 100 200 300 400 500 600 700
[GeV]recE

0

10

20

30

40

50

60

70

80

en
tri

es
/b

in h_ene_block55
Entries  1923
Mean    307.6
Std Dev     78.56

 / ndf 2χ  107.2 / 78
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Sigma     1.48± 67.93 
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Constant  2.35± 65.98 
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Constant  3.4± 149.1 
Mean      1.1± 336.2 
Sigma     1.02± 66.03 

0 100 200 300 400 500 600 700
[GeV]recE

0

20

40

60

80

100

120

140

160

en
tri

es
/b

in h_ene_block43
Entries  4083
Mean    334.3
Std Dev     78.28

 / ndf 2χ  212.9 / 83
Constant  3.4± 149.1 
Mean      1.1± 336.2 
Sigma     1.02± 66.03 

reconstructed energy SPS2021 proton 350GeV TS_pol2 block43
h_ene_block53

Entries  1377
Mean    319.5
Std Dev     81.57

 / ndf 2χ  98.67 / 74
Constant  1.85± 45.47 
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Sigma     1.90± 68.22 
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Constant  2.15± 66.18 
Mean      1.7± 314.2 
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 / ndf 2χ    165 / 82
Constant  3.5± 173.4 
Mean      1.1±   329 
Sigma     0.88± 67.14 
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Constant  1.47± 27.14 
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Constant  2.3±  70.3 
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Sigma     1.3±  62.4 

0 100 200 300 400 500 600 700
[GeV]recE

0

10

20

30

40

50

60

70

80

en
tri

es
/b

in h_ene_block21
Entries  1762
Mean    313.4
Std Dev     74.38

 / ndf 2χ  116.7 / 74
Constant  2.3±  70.3 
Mean      1.7± 312.4 
Sigma     1.3±  62.4 

reconstructed energy SPS2021 proton 350GeV TS_pol2 block21
h_ene_block31

Entries  1715
Mean    308.1
Std Dev      74.8

 / ndf 2χ  109.2 / 74
Constant  2.33± 68.93 
Mean      1.6± 310.6 
Sigma     1.36± 61.58 
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Constant  2.52± 77.82 
Mean      1.7± 308.8 
Sigma     1.45± 65.03 
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Constant  1.95± 48.51 
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reconstructed energy SPS2021 proton 350GeV TS_pol2 block51

For example of TS

Blue: data histogram 
Red line: gaus fitting
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Red: energy resolution (gaus fitting)

14
0.195

0.2

0.205

0.21

0.215

0.22

0.19935 0.199836 0.198367 0.210665 0.215624

0.212904 0.211539 0.204133 0.206458 0.198988

0.191696 0.202851 0.204237 0.19648 0.210345

0.204001 0.204413 0.203152 0.212243 0.212811

0.21666 0.214019 0.196784 0.200023 0.222368

Energy resolution distribution TS pol2 chi2 total

1 2 3 4 5

xblock

1

2

3

4

5yb
lo

ck

Energy resolution distribution TS pol2 chi2 total

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.229875 0.214091 0.219777 0.233895 0.249049

0.215198 0.205873 0.204011 0.207983 0.226213

0.230151 0.207587 0.200564 0.205167 0.224215

0.360375 0.234034 0.214884 0.232766 0.258255

0.302995 0.288444 0.273711 0.280639 0.317441

Energy resolution distribution TL pol2 chi2 total

1 2 3 4 5

xblock

1

2

3

4

5yb
lo

ck

Energy resolution distribution TL pol2 chi2 total

Resolution distribution Resolution distribution



MC(LHCf+ZDC)
h_ene_block15

Entries  903
Mean      325
Std Dev      68.2

 / ndf 2χ  116.2 / 55
Constant  2.1±  39.3 
Mean      2.4±   314 
Sigma     2.3±  56.3 
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reconstructed energy MC proton 350GeV TS_pol2 block15
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 / ndf 2χ  117.9 / 63
Constant  2.92± 89.69 
Mean      1.4± 328.2 
Sigma     1.05± 50.03 
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Constant  3.1± 100.9 
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Constant  2.9±  89.2 
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Constant  2.24± 42.49 
Mean      2.1± 313.6 
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Constant  3.01± 84.03 
Mean      1.5± 320.9 
Sigma     1.28± 50.85 
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reconstructed energy MC proton 350GeV TS_pol2 block54
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reconstructed energy MC proton 350GeV TS_pol2 block53
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reconstructed energy MC proton 350GeV TS_pol2 block12
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reconstructed energy MC proton 350GeV TS_pol2 block42
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reconstructed energy MC proton 350GeV TS_pol2 block52
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reconstructed energy MC proton 350GeV TS_pol2 block51

Blue is histogram. 
Red is gaus fitting.
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MC(LHCf+ZDC) Small Tower
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Black: mean+-error 
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Position dependence exist
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MC(LHCf+ZDC) LargeTower
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In figure right side, energy is obviously small



Data/MC  (Small Tower) Ratio is small overall

18Method3 Method4
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Data/MC Large Tower In right side area, ratio is higher. 
Value is small in MC and  it is high in Data.

19Method3 Method4
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Compare E_LHCf
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not clearly seen. 

→position dependence is LHCf problem!
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Small tower Red: data 
Green: MC
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Small tower Red: data 
Green: MC
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Summary and Future work

• Position dependence of energy was found ,especially in large tower. 

• Position dependence may be caused by LHCf side. 

• I will also analyze SPS2022 electron 197.3GeV data, and check the 
position dependence. (if it is possible, I will check layer by layer.)


