
LHCf status report

Gaku Mitsuka 
(University of Florence, JSPS fellow) 
on behalf of the LHCf collaboration 

 
LHCC Open Session, CERN, March 5, 2014

���1



Outline

• Introduction and Physics motivation 

• Recent physics results 
- Neutron energy spectra in p-p at 7 TeV 
- π0 pT spectra in p-Pb at 5.02 TeV 

• Preparation towards the 13 TeV operation 

• Summary

���2



The LHCf collaboration

Apr. 2013

The LHCf collaboration involves 
~30 members from 10 institutions. 

Calibration of GSO plates at HIMAC 
Purpose
Make&the&position&maps&of&light&yield&of&GSO&for&all&GSO&
plates&before&assembling&the&detector.

Experiment&
HIMAC&:&An&Ion&accelerator&in&Chiba,&Japan.
Beam&:&400MeV/n&12C
Beam&Time&:&23&B&25&July&2013&(3&nights)&&
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LHCf-Arm2

140m

• Two independent detectors (Arm1 and Arm2) are 
located in TAN to measure the very forward particles: 
- η>8.7 w/o crossing angle, >8.4 with crossing angle 
- pT<1.0GeV at √s=7TeV. 

• Sampling calorimeter + position sensitive detector. 
• Charged particles are swept away due to the D1 magnet, 

so we can only observe neutral particles (photon and neutron). 
• Same detectors have been used since 2009.

LHCf-Arm1

2.2.4 Silicon Detector

The position sensitive layers of the Arm#2 detector consists of 4 X-Y pairs of micro-strip
silicon detectors. These silicon detectors have 64 × 64mm2 total surface area including
61.7× 62.0mm2 sensitive area and 285 µm thickness. The silicon detector is the same one
as used for the barrel part of the Semi-Conductor Tracker(SCT) in the ATLAS experi-
ment. While 768 micro-strip are implemented on the silicon detector with 80µm pitch, we
read-out every other strip (read-out pitch is 160µm) to reduce total number of read-out
channels. The reduction of read-out channels has negligible effect on the shower position
calculation because the typical shower lateral size of about 9mm is much larger than the
read-out pitch. The strips are read-out by PACE3 chips mounted on front-end electronics
connected just above the calorimeters. The chip ,which are produced for pre-shower de-
tector of the CMS experiment, has a charge integrator, shaper and deep analog memory
for 32 inputs signal. It has a high dynamic range of up to 600 MIPs with a maximum
deviation from linearity of 6%. The outputs of the PACE3 chips are digitized by ADCs
with 12 bits resolutions mounted on the electronics boards installed on top of the TAN.
The digitized data are sent to the USA15 via optical fiber.

The alignment analysis of the silicon detectors on the calorimeter by using 150GeV
muon beams and electron beams at the beam test is in progress.

Figure 2.22: Photo of the SciFi horoscope.

2.2.5 Front Counter

In order to enhance the acceptance for any charged particles from IP1, the Front Counter
(FC) with large cross section of 80mm×80mm has been installed in front of each detector.
They are used for coincidence analysis of both arms to suppress backgrounds due to
collisions of beam particles with residual gas in the beam pipes. Each FC consists of two

31

Si in Arm2

The LHCf detectors
10(W)cm x 10cm(H) x 30cm(D) 
Sampling calorimeter, 44X0, 1.6λ

Position sensitive detector 
Arm1 : Scintillation fibers 
Arm2 : Silicon strip detector

140m
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Detector performances
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Fig. 20. Invariant mass distribution measured by the Arm1 (left) and Arm2 (right) detectors
near the π0 mass.
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Fig. 21. Energy and invariant mass of the photon pair for Arm1 (left) and Arm2 (right).

events associated with both crossing and non-crossing bunches and the spectra
are extracted separately. The photon spectra normalized with the beam intensity
are shown in Fig.23. It is found that at maximum 10% and <1% of beam-gas
contamination exist in the 900 GeV and 7 TeV collision data, respectively.

4.2. Dose in the towers

During the 2010 operation, the delivered luminosity at IP1 was estimated to be
350 nb−1. According to a MARS calculation 19 when the TAN slot is filled by the
copper bars instead of the LHCf detectors, the radiation dose is 180MGy in 180 days

Mγγ~Mπ0

LHCfLHCf IP1
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Position resolution
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Position resolution
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Fig. 7. Correlation between the primary electron energy and the sum of the deposited energy (dE) measured by the calorimeters. The squares and triangles show the
results of the 20 mm or 25 mm and 40 mm or 32 mm calorimeters, respectively. The filled symbols show the beam test results while the open symbols show the results of
the MC simulations. The dotted lines in the upper panels show linear fits to the beam test results and the residuals from the fits are shown in the bottom panels. In the
plots of residuals, the triangles are shifted by 5 GeV to avoid overlap.
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Fig. 8. Energy resolutions for each tower and arm. The filled (open) plots show the beam test (MC) results. The squares are for the small tower of each arm (20 mm and
25 mm for Arm1 and Arm2, respectively) and triangle plots are for the large tower of each arm (40 mm and 32 mm for Arm1 and Arm2, respectively). These are results for
high gain mode.
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Fig. 9. Energy resolutions for each tower and arm. The filled (open) plots show the beam test (MC) results. The circles are for the small tower of each arm (20 mm and 25 mm for
Arm1 and Arm2, respectively) and stars are for the large tower of each arm (40 mm and 32 mm for Arm1 and Arm2, respectively). These are results for low gain mode.

T. Mase et al. / Nuclear Instruments and Methods in Physics Research A 671 (2012) 129–136 135

Energy resolution

Position resolution

Black : X-plane 
Red : Y-plane



Physics motivation (cosmic ray point of view)
1. Inelastic cross section 

large → rapid development 
small → deep penetrating 
!

2. Inelasticity k = 1 - plead/pbeam 
large → rapid development 
small → deep penetrating 
!

3. Forward energy spectrum 
softer → rapid development 
harder → deep penetrating 
!

4. Nuclear effects 
!

5. Extrapolation to high energy 
precise measurements in 
lower energies are crucial
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neutron 
(~leading baryon)

p-Pb collisions

photon or π0

(by TOTEM)

many data points

ima for showers with similar energy contains the maximum infor-
mation about composition that can be obtained from fluorescence
detectors. Given enough statistics and an exact knowledge of the
expected distributions for different primaries, it should be possible
to extract composition groups (see e.g. [150]) similar to what is
done for surface detectors. In the following, however, we will con-
centrate on the first two moments of the Xmax-distribution, hXmaxi
and r(Xmax).

For the determination of the average shower maximum, exper-
iments bin the recorded events in energy and calculate the mean of
the measured shower maxima. For this averaging not all events are
used, but only those that fulfill certain quality requirements that
vary from experiment to experiment, but all analyses accept only
profiles for which the shower maximum had been observed within
the field of view of the experiment. Without this condition, one
would rely only on the rising or falling edge of the profile to deter-
mine its maximum, which was found to be to unreliable to obtain
the precise location of the shower maximum. The field of view of
fluorescence telescopes is typically limited to 1–30 degrees in ele-
vation. Therefore some slant depths can only be detected with
smaller efficiencies than others, resulting in a distortion of the
measured Xmax-distribution due to undersampling in the tails of
the distribution [151,152]. For instance, a detector located at a
height corresponding to 800 g/cm2 vertical depth cannot detect

shower maxima deeper than 800, 924 and 1600 g/cm2 for showers
with zenith angles of 0, 30 and 60 degrees respectively. On top of
this acceptance bias an additional reconstruction bias may be pres-
ent that can further distort the measured hXmaxi-values.

There are two ways to deal with such biases: if one is only inter-
ested in comparing the data to air shower simulations for different
primary particles, then the biased data can be simply compared to
air shower predictions that include the experimental distortions.
For this purpose the full measurement process has to be simulated
including the attenuation in the atmosphere, detector response
and reconstruction to obtain a prediction of the observed average
shower maximum, hXmaxiobs. Another possibility is to restrict the
data sample to shower geometries for which the acceptance bias
is small (e.g. by discarding vertical showers) and to correct the
remaining reconstruction effects to obtain an unbiased measure-
ment of hXmaxi in the atmosphere.

Whereas the former approach maximizes the data statistics, the
latter allows the direct comparison of published data to air shower
simulations even for models that were not developed at the time of
publication. Moreover, only measurements that are independent of
the detector-specific distortions due to acceptance and reconstruc-
tion can be compared directly.

The HiRes and TA collaborations follow the strategy to publish
hXmaxiobs [130,132] and to compare it to the detector-folded air
shower simulations. In the HiRes analysis the cuts were optimized
to assure an Xmax-bias that is constant with energy, but different
for different primaries and hadronic interaction models. The preli-
minary TA analysis uses only minimal cuts resulting in energy
dependent detection biases. The Auger collaboration quotes aver-
age shower maxima that are without detector distortions within
the quoted systematic uncertainties [153] due to the use of fiducial
volume cuts. Yakutsk derives Xmax indirectly using a relation be-
tween the slope of the Cherenkov-LDF and height of the shower
maximum (cf. Section 3.2). This relation is derived from air shower
simulations and is universal with respect to the primary particle
and hadronic interaction models [154]. We will therefore assume
in the following, that the the Yakutsk measurement is bias-free
and that it can be compared to air shower simulations directly.

To allow a comparison of the results of these experiments and
moreover to calculate hlnAi using the EPOS model (cf. Section 3.4)
which was not used in some of the original publications, we correct
the hXmaxiobs-values of HiRes and TA by shifting them by an
amount D which we infer from the difference of the published
hXmaxiobs-values for proton, QGSJETII to the simulated values that
are obtained without detector distortions:
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Fig. 8. Measurements of hXmaxi with non-imaging Cherenkov detectors (Tunka [118,126], Yakutsk [127,128], CASA-BLANCA [123]) and fluorescence detectors (HiRes/MIA
[129], HiRes [130], Auger [131] and TA [132]) compared to air shower simulations [133] using hadronic interaction models [36,38,37]. HiRes and TA data have been corrected
for detector effects as indicated by the hDi values (see text). The right panel shows a zoom to the ultra-high energy region.
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Fig. 9. Example of a longitudinal air shower development as measured with
fluorescence telescopes. Data points are taken from [145] (E = (30 ± 2) EeV) and
compared to ten simulated [133] air showers for three different primary particle
types using the hadronic interaction model EPOS1.99 [36].

K.-H. Kampert, M. Unger / Astroparticle Physics 35 (2012) 660–678 669

model error

(Kampert and Unger, 
Astropartphys. 35, 660, (2012)) ���6
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Physics and test beam analysis at LHCf

Photon 
(EM shower)

Neutron 
(hadron shower)

π
(EM shower)

Test beam at SPS NIM. A 671, 
129–136 (2012)

arXiv:1312.5950 
(accepted by JINST)

p-p at 900GeV Phys. Lett. B 715, 
298-303 (2012)

p-p at 7TeV Phys. Lett. B 703, 
128–134 (2011) Today’s report Phys. Rev. D 86, 

092001 (2012)

p-p at 2.76TeV Today’s report

p-Pb at 5.02TeV Today’s report

• LHC’s analysis activity was so far directed to the EM shower events for its simplicity. 
• We have extended the activity to neutron event analysis based on improved tools. 
• Also we show the preliminary analysis results in p-Pb collisions. 
 
Analysis on the other parts are ongoing.
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Neutron event reconstruction

 parameter2DL
0 5 10 15 20 25 30 35 40

2

4

6

8

10

12

14

16

18

20
310×

 < 2000 GeVreconArm1; 1500 GeV < E

Data

Fit method A

MC neutron

MC photon

Neutro
n lik

e event

sumdE [MIPs]
0 5000 10000 150000

1000

2000

3000

4000

5000

6000
Experiment
MC DPM3
MC QGS2

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_0

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_1

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_2

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_3

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_4

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_5

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_6

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_7

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_8

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_9

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_10

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_11

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_12

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_13

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_14

[MIP]
0 500 1000 1500 2000 2500

-310

-210

-110

Energy_deposit_layer_15

example at layer8th

15X

l=2

=

• Neutron energy is reconstructed 
by a sum of energy deposits. 

• Detector simulation based on 
QGSJET2 for hadronic shower 
reproduces the test beam data 
better than that on DPMJET3. 

• Difference between QGSJET2 
and the test beam data is taken 
into account as a systematic 
error in the latter analysis.

Neutron energy reconstruction

Particle identification

neutronphoton
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L2D = L90%-0.25*L20%

• With two variables, L90% and 
L20%, PID performance is 
improved to reduce the photon 
contamination in neutron events. 

• PID efficiency and purity are >90%. 
• Energy spectra are corrected for 

PID inefficiency and BG 
contamination. 

Preliminary
(arXiv:1312.5950)
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Neutron energy spectra in p-p collisions
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• LHCf Arm1 and Arm2 agree with each other within systematic error, in which the 
energy scale uncertainty dominates. 

• In η>10.76 huge amount of neutron exists. Only QGSJET2 reproduces the LHCf result. 
• In other rapidity regions, the LHCf results are enclosed by the variation of models.

Preliminary

η>10.76 8.99<η<9.22 8.82<η<8.99



π0 event analysis in p-Pb collisions

Nuclear effect
Basically)the)nuclear.nuclear)(p.A,)AA))interaction)can)be)
described)by)Glauber)model.)By)Glauber)model,)A.A)collision)is)
described)as)a)superposition)of)“p.p”.
Nuclear)interaction)of)the)interaction)models)used)in)Air.
Shower)simulation)is)based)on)Glauber)model)with)some)
collections)of)nuclear)shadowing,)gluon)saturation)and)etc.)
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➔Nuclear&effect
These&effect&makes&softer&and&less&3lux&of&energy&spectra&of&
secondaries&in&the&forward&region.

Central&collision&
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Peripheral&collision&
(participants&~&1)
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How about soft interaction at p-Pb?
Because'the'hit+position'distribution'of'neutrons'reported'
by'Lorenzo'has'very'high'peak'around'the'beam'center'
('corresponding'to'high'energy'and/or'low'Pt),'these'neutrons'
should'be'generated'by!soft'interactions.'
In'case'of'p+Pb'collisions,'proton'collides'with'the'electro+magnetic'
Cield'of'relativistic'Pb.'

5

Pb

γ*
Ultra&Peripheral&Collisions&(UPCs)

➔Ultra!peripheral!collisions!

impact&
parameter&

b

If&b&>&Rp+RPb,&hadron&interaction&is&strongly&
suppressed&and&proton&collides&with&electro;
magnetic&3ield&of&Pb,&of&which&strength&is&
proportional&to&Z2.&The&EM&interaction&can&be&
described&as&a&collision&between&proton&and&
quasi;photon.
Exp.)&&p+Pb&⟶&∆&+&Pb&⇔&p&+&γ*&⟶&∆
It&is&one&of&the&sources&of&soft&interaction&at&p;Pb&
collisions.&

13年10月22日火曜日

Central collisions Peripheral collisions

impact 
parameter : b b > Rp +RPb

b ⇠ Rp +RPbb ⌧ Rp +RPb

(Soft) QCD : 
central and peripheral collisions

Momentum distribution of the UPC induced secondary particles is estimated as 
1. energy distribution of virtual photons is estimated by the Weizsacker Williams approximation. 
2. photon-proton collisions are simulated by the SOHIA model (Eγ > pion threshold). 
3. produced mesons and baryons by γ-p collisions are boosted along the proton beam.

Ultra peripheral collisions :  
virtual photon from rel. Pb collides a proton.

Dominant channel to forward π0 is

Pi0 at p-Pb

35
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About half of the observed π0 may originate 
in UPC, another half is from soft-QCD.

Break down 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Comparison 
with soft-QCD
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π0 event reconstruction in p-Pb collisions
第 3章 LHC

√
s= 7 TeV衝突 π0 中間子事象再構成の検証とエネルギースケールの課題 18
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図 2.8 π0 粒子崩壊により生成された 2つのガンマ線 (γ1 と γ2)が LHCf検出器に入射する場
合の概略図。Eg1 及び Eg2 は γ1 と γ2 が持つエネルギー、Pg1 及び Pg2 は γ1 と γ2 が持つ運
動量。θ は二つのガンマ線の放出角度、Rは検出器入射位置の間隔を表す。π0 粒子の崩壊点を
IP1と仮定すると、θ ≃ R/140mが成り立つ。

１つの検出器を２つのタワーで構成するメリットとして、π0 粒子崩壊による２つのガンマ線を
同時に測定できることが挙げられる。陽子衝突によって生成された π0 粒子は、ただちに崩壊し２
つのガンマ線を生成する。同じ π0 粒子起源のガンマ線が別々のタワーに入射した場合、それぞれ
のガンマ線のエネルギー (Eg1、Eg2)、運動量Pg1、Pg2 を別々に精度良く求めることができる (図
2.8参照)。LHCf検出器に入射するガンマ線の殆どは π0 粒子崩壊によるものであるので、ガンマ
対の不変質量を以下の式を用いて再構成すると π0 粒子の静止質量Mπ0 にピークを持つ不変質量
分布が得られる。またこの π0 粒子の静止質量Mπ0 に一致する事象を選択することで、π0 粒子の
エネルギー Eπ0、運動量 Pπ0 を再構成することも可能である。

Mπ0 ≃
√

Eg1 · Eg2 · θ2 (2.1)

Eπ0 = Eg1 + Eg2 (2.2)
Pπ0 = Pg1 + Pg2 (2.3)

θ は π0 粒子崩壊点における２つのガンマ線のなす放出角度を表す。ところで 1TeVの π0 粒子で
あっても、ローレンツ変換を考慮した寿命により進む距離は光速を仮定しても 0.2mm程度である。
よって π0 粒子の崩壊点を IP1と仮定することができ、２つのタワーでのガンマ線入射位置から放
出角度 θ を決定することが可能である。LHCf検出器に入射したガンマ線対の不変質量と、π0 粒
子本来の静止質量 135MeVを比較することで検出器のキャリブレーションを実際の実験データを
用いて高精度で行うことができる。

2.3.3 カロリメータ
LHCf検出器におけるカロリメータのビーム方向の構造を図 2.9に示す。LHCf検出器ではシャ
ワーを発達させる吸収層としてタングステン、検出層としてプラスチックシンチレータを使用して
おり、それらをサンドイッチ状に積層させた全 16 層のサンプリングカロリメータとなっている。
タングステン１枚の厚さは 7mmでこれは 2r.lに相当する。プラスチックシンチレータには Eljen
technology製の EJ260を使用している。前半 11層目まではタングステンとプラスチックシンチ
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図 3.1 LHCf 検出器に入射する π0 由来の 2 本の γ 線

量Mπ0 = 134.97MeV となるはずであり、検出器の性能を考慮した上でのMCシミュレーションでも、
Arm1で 135.2±0.2 MeV、Arm2で 135.0±0.2 MeVとなった。Mgg 分布のピーク値とMπ0 を比較する
ことで、LHCf検出器のエネルギー決定精度を検証することができる。以下では簡単のため、2 本の γ 線
から再構成された不変質量Mgg 分布のピーク値を再構成された π0 質量Mgg、本来の π0 の静止質量を
Mπ0 と表記する。

3.1.2 測定結果
図 3.2に、√s=7 TeVの Fill1104 における測定データから再構成された π0 不変質量分布を示す。左図
がArm1、右図がArm2を示し、Arm1で 145.8±0.1stat±6.0sys MeV、Arm2は 139.9±0.1stat±6.0sys

MeVとなり、MCシミュレーションの結果からそれぞれ 8.1 %、3.8 %の不一致がみられた。SPS加速
器を用いた較正試験で見積もられたエネルギースケールの系統誤差 (δE/E)calib は 3.5 %、3.3.1節で詳
しく述べるシャワー漏れ出し、漏れ込みからくる誤差 (∆E/E)leak−in は 2 %、放射角 θの系統誤差 δθ/θ

は 1%であり、これらを考慮してもMgg の系統誤差は 4.2 %にしかならず、Arm1の不一致の説明がで
きない。
Mgg の不一致の原因として、Mgg 決定のパラメータである放出角、エネルギーの 2点が疑われた。し
かし IP1から検出器までの距離に関しては、CERNのサーベイチームによって数十 µmの精度で決定さ
れており、また入射位置決定に関しても、位置検出器の工作精度でよく制限されているため、放出角に大
きなズレがあるとは考えにくかった。そのため、再構成された γ 線のエネルギーが何らかの原因でずれて
いると考えられた。

3.2 エネルギー決定由来の系統誤差
γ 線のエネルギースペクトルを導出した際には、エネルギースケールのずれの補正は行わず [23]、いっ
ぽうの π0 の pT スペクトルを導出した際には、Mgg が 135 MeVに合うようエネルギースケールに補正
を加えた [25]。しかし両者の解析とも、エネルギー決定由来の系統誤差の範囲に、Mπ0 と各 Arm での
Mgg を含んでいる。以下ではまず、γ 線のエネルギースペクトルから大きな系統誤差が付いていることを
示し、つぎにエネルギー決定由来の系統誤差の計算方法、さいごに系統誤差全体でエネルギー由来の系統
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LHCf data
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π0 pT spectra after the UPC subtraction

LHCf p-Pb at 5.02TeV

LHCf p-p at 5.02TeV (x5)

DPMJET 3.04

EPOS 1.99
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• The LHCf results in p-Pb (filled circles) show good agreement with DPMJET and EPOS. 
Note that UPC induced events are not involved in DPMJET and EPOS. 

• The LHCf results in p-Pb are clearly harder than the LHCf results in p-p at 5.02TeV 
(shaded area) which are interpolated from the results at 2.76TeV and 7TeV.
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Nuclear modification factor

LHCf
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EPOS 1.99
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• Both LHCf and MCs show strong suppression. 
• But LHCf grows as increasing pT, understood by the 

softer pT spectra in p-p at 5TeV than those in p-Pb.
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Towards the next operation at 13TeV
The LHCf detectors will be upgraded giving a priority to high energy operation. 
 
1. Radiation damage will be more severe; 0.2Gy/nb-1 at 7TeV → 2-3Gy/nb-1 at 13TeV. 
  - All of plastic scintillators were replaced with GSO scintillators in both Arm1 and Arm2. 
    GSO scintillator can survive up to 106Gy.  
  - Scintillation fibers (SciFi, position detector in Arm1) were replaced with GSO bars. 
2. Old silicon detector would be saturated for >1.5TeV photon (Arm2). 
  - New wire bonding scheme to avoid saturation effects, pulse height was reduced ~60% 
  - Rearrangement of the Si detector position for effectively catching EM/hadon showers.

HIMAC 
Nov. 2011

HIMAC 
Jun. 2012

SPS 
Aug. 2012

HIMAC 
Jul. 2013

HIMAC 
Feb. 2014

LNS (Catania)  
Summer2014

SPS 
Oct. 2014

Arm1 GSO scinti. GSO scinti.  
GSO bar (2/4)

GSO scinti. 
GSO bar (2/4) GSO bar (4/4) Full detector

Arm2 Plastic scinti. GSO scinti. New Silicon Full detector

p-p 7TeV
p-Pb 5.02TeV 
p-p 2.76TeV p-p 13TeVWe are here

All parts except for new Si modules are ready and their properties were tested by the test beams 
at HIMAC (HI beam facility in Japan) and SPS.

Old detector
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4
P. 5

13年6月27日木曜日
14年1月6日月曜日

Construction of GSO calorimeters



Wire bonding of Si sensor



Summary

• Data analyses on many channels are ongoing. 
- Large yield of neutrons is recognized η>10.76. 
- Strong suppression of π0 production is consistent with predictions. 

• Detector upgrade has been proceeded smoothly. We will have two 
beam tests at LNS-Catania for new Si modules and at SPS for the fully 
upgraded LHCf detectors.
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Longitudinal Shower Profiles with the Pierre Auger
Fluorescence Telescopes
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→ between 1017 and 1019 eV:

transition from galactic to
extragalactic CRs

extragalactic stuff!

Radius [km]

γ p Fe• Direct* measurement (e.g. ballon, AMS etc.) of cosmic 
rays is quite severe above Elab=1014eV. 

• Instead, indirect measurement observing cascade 
showers of daughter particles (extensive air-shower, 
EAS) is the best way to increase statistics. 

• Largest systematic uncertainty of indirect 
measurement is caused by a finite 
understanding of the hadronic interaction of cosmic 
ray in atmosphere 
(because very high energy and very forward).
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LHCf p-p 7TeV

LHCf p-p 2.76TeV

Best-fit linear function
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Derivation of pT spectra in p-p at 5.02TeV

1. Thermodynamics (Hagedron model)

hpTi =
r

⇡m⇡0T

2
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K3/2(m⇡0/T )

1

�inel
E
d3�

dp3
= A · exp(�

q
pT2

+m2
⇡0/T )

2. Gauss distribution
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= A · exp(�p2T/�
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Gauss)
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hpTi =
p
⇡

2
�Gauss

(�y ⌘ ybeam � y)

hpTi(y)|5.02TeV = 216.3 + 116.0(8.585� y) [MeV]

The pT spectra in “p-p at 5.02TeV” are obtained 
by the Gauss distribution with the above <pT>.
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The idea for the new silicon planes

Readout

Readout
Floating

80 µm implant pitch 
160 µm readout pitch

Silicon sensor

In the original scheme one strip over two was connected to the front-end electronics and 
the other strips were floating.

Silicon sensor

Readout

Readout
GND

OLD

NEW

Loosing some part of the  
released energy
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LHCf New Silicon Module (Quick analysis)  

!  Clearly the pulse height in the region of new configuration 
were reduced, but by factor of 1.5 ~ 1.7 ( expected to 2.) 

  " This modification works  
      for enlarging the dynamic range of silicon   

#Strip 

Normal New 

Silicon Lateral distribution 

Histogram of peak values  



Assembling of new silicon planes
Gluing of NEW type hybrid circuits to old type kapton fanout

Gluing of silicon layers to the NEW kapton fanout (with GND pads for charge loss)

µ-strip fanout

Bias pad 
(to be connected  
to the silicon back-plane)
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Glue deposition on the new kapton fanout cable

Y-side

Thin layer of  
siliconic glue 
(not hard)

Electrically-conductive 
(Ag) glue deposited on  
a bent strip of golden  
kapton film for sensor  
biasing

Thin layer of kapton 
tape for insulation

GND large pad

Plane with 
 vacuum system
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Modification of the manipulators
Only one manipulator has been modified and tested. 
The modification was necessary because the beam dumping procedure in 2013 
went faster than in 2010.  It lasted about 5 min. So the target of this 
modification was 5 min for 12 cm movement (from the operation position to the 
garage position it took about 12min before the modification)                                

Replacement of the gear box 
(decreased the gear ratio 
from 30 to 12.5) 
!
Test with the weight 
corresponding to the LHCf 
detector was successful. 
!
Final vertical speed:  
12 cm / 4 min 
!
Power consumption is well  
below the limits of the engine 

!24


