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EAS: KASCADE range: 50-200m
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Rapidity of pions

EAS: KASCADE range: 50-200m

Nucleons (~160GeV) + air
Fixed target: p(160GeV) + air, p(160GeV) + C
(QGSJET-01) y,.., = 5.8

Energy loss/
muon decay: 20

muons not detected \
15
10

_ \
5

0 02 04 06 08 1 12
yly

- - - - fixed target, p+air
—— fixed target, p+C
—— EAS, p+air

dN/dy

beam

HSS 08.09.2006 Fermilab/USA Christine Meurer 10/30



Interesting range:
0.3 <ylypeam< 1.1

Forward hemisphere
dominating

|

Energy loss/
muon decay:
muons not detected

dN/dy

EAS: KASCADE range: 50-200m

Nucleons (~160GeV) + air
Fixed target: p(160GeV) + air, p(160GeV) + C
(QGSJET-01) y,..,, = 5.8

----- fixed target, p+air
— fixed target, p+C
—— EAS, pair

yly

beam

HSS 08.09.2006 Fermilab/USA

Christine Meurer 11/30



X, Of sSecondary w and K

EAS: KASCADE range: 50-200m

Nucleons (~160GeV) + air
Fixed target: p(160GeV) + air, p(160GeV) + C
(QGSJET-01) Ypeam = 5.8

N 8
E_ 10 ; TC fixed target, p+air _é_ 10 I K — EAS, p+air
% E —— fixed target, p+C % E fixed target, p+air
Z 1 3 — EAS, p+air Z 1 — fixed target, p+C
10"L ;
i 1071
107 &
107 é_ 1072
10" L 3l
E. PR I R SR SR AN TN TR T NN SO S I .|_| .|-| 10?,,, L1 ...I.-|||_|||
0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
xlab= EﬂlEbeam xlab= EKIEbeam

HSS 08.09.2006 Fermilab/USA Christine Meurer 12/30



p; distribution in fixed target
simulation. — Low transverse

momenta of interest

p; distribution in EAS similar to )

EAS:

Fixed target:
(QGSJET-01)

¥

KASCADE range: 50-200m
Nucleons (~160GeV) + air
p(160GeV) + air, p(160GeV) + C

ybeam =5.8

K fixed target, p+air
— fixed target, p+C

—— EAS, p+air

...........lJ.Pl.ﬂh'

. .
- o0, 1
%10-1 fixed target, p+air '=H1D
- TU
Q. — fixed target, p+C ‘%'
@ 10—2 —— EAS, p+air E 10—2
=
S T
= -3 s
=10 -
- 103
10
104
107
107
10°
T R B e !
0 0.5 1 1.5 2 0
p,(GeV) __

HSS 08.09.2006 Fermilab/USA

Christine Meurer

0.5 1 1.5 2
p, (GeV) _

13/30



>
O
9,
-
©
-
~
LL]

I"
<
+
>
@
O
(=
©
A
L
/)
c
o
2
O
>
P
£
©
o
o
©
©
®
o)
c
©
—
L
Q
<
O
m

QD
O
qY)
Q.
7))
O
7P
Qv
L
al

1.2

yheam

il """"““““nn.llnnnm

1

0.8

1
8
0.6
0.4:_
0.2
0

y"yheam

0.3-1.1

y/ ybeam

I

0.0-0.

p(GeV)

14/30

Christine Meurer

HSS 08.09.2006 Fermilab/USA



1.2

ybeam

0.4

1
0.8
0.6
0.4:—
0.2
0

E~ 40GeV

KASCADE-Grande range: 200-500m; Nucleons (~40GeV) + Air

Phase space

0.2

S
(o/Ae9)'d

1

15/30

0.6

0.2
0.3-1.1
0.0-1.0

Christine Meurer

1.2

yII.'yh:-'eam
y/ ybeam
p(GeV)

1

0.4 0.6 0.8

HSS 08.09.2006 Fermilab/USA




Existing accelerator

data: p+Be
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HSS 08.09.2006 Fermilab/USA Christine Meurer

18/30



¥

>
“% - :QG$0 Comparison: models — data:
1.5 . Naig SIBYLL and QGSJETH-II:
B reasonable agreement with data
B QGSJET-01:
1:_ overestimation of factor ~ 1.5
al 3 —
| I .
10
Error of NA49 data:
stat. error ~5% o5l
syst. error ~ 5% G
C.Alt et al. (NA49 collaboration) hep-ex/0606028 ol

HSS 08.09.2006 Fermilab/USA Christine Meurer 19/30



— QGSJET-Il
= NA49

[T -
_g — A — SIBYLL
= B - QGSJET-01
L]

¥

QGSJET-01: soft t-spectra
QGSJET-Il: hard nt-spectra

.’éu- L + — SIBYLL
> T _OGSJET:M
T 10 = - QNGAi;ETI[
1=
10"
) -2 I J l I I I [ ! I I I J I I l I J l J ...I‘n
C.Alt et al. (NA49 collaboration) hep-ex/0606028 10 06 04 02 0 02 04 06
Xg
HSS 08.09.2006 Fermilab/USA Christine Meurer 20/30



Ongoing analysis: p+C @ 12 GeV/c
Selection of secondary particles (nt*, ©)
in forward hemisphere using the drift
chambers.

No of events: 1,000k

N No of events after cuts: 450k

Separation of particle
types using different
detector components
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Error estimation
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Conclusions

Interpretation of CR data relies heavily on MC simulations

Muons are main ingredients to infer E, A

Fixed target experiments are very important for understanding of muon
production in extensive air showers

Relevant hadronic interactions for muon production are in the
= energy range: 8 — 1000 GeV
= phase space region: forward hemisphere

New (2006) fixed target measurements:
= NA49: p+C @ 158GeV/c
= HARP: p+C @ 12 GeVic

Comparison: data — models: SIBYLL and QGSJET-Il in good agreement with
data, QGSJET-01 overestimation of factor ~ 1.5 in dN/dy

Outlook: further measurements/analyses planed by NA49, HARP and MIPP
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Energy range and
phase space of interest

(Eponr) 8-1000 GeV

P 0.5-11.0 GeV/c
0 0-300 mrad

MIPP
Main Injector Particle Production Experiment (FNAL-E907)

Horizontal cut plane

Time of Flight

il it

p+C, n+C and K+C
@ 20, 60, 120GeV/c

13m

- ‘__/TOF-GL
VERTEXMAGNETS ~ MTPCl A
VTX-1 VTX-2
BPD-1 j —y TOF-TL
| . .
SY s ¢ | mmm | mmm | EOEEE
st | BEE | EEE ]
] VIPC | [~ VTPC-2 | I o1
/ RCAL COLL VCAL
Yy __
~ B[ e MTPC-R
_ ~BPD2 BPD3 T~ 4
(@) —|-——F—- i
" 53/
. W ey p+C and n+C

@ 30, 40, 50, 158GeV/c

time-of-flight

beam-muon
identifier

electron
identifier

TPC + RPCs in
solenoid magnet

threshold Cherenkov

dipole magnet

p+C @ 15 GeV/c
n+C @ 12 GeV/c

beam

HSS 08.09.2006 Fermilab/USA

Christine Meurer 26/30



¥

HARP collaboration

M.G. Catanesi, E. Radicioni
Universita degli Studi e Sezione INFN, Bari, Ttaly
R. Edgecock, M. Ellis!, S. Robbins®#, F.J.P. Soler*
Rutherford Appleton Laboratory, Chilton, Didcot, UK
C. Goflling
Institut fiir Physik, Universitit Dortmund, Germany
S. Bunyatov, A. Chukanov, D. Dedovitch, M. Gostkin, A. Guskov, D, Khartchenko, O. Klimov, A. Krasnoperov,
D. Kustov, B. Popov®, V. Serdiouk, V. Tereshchenko, A. Zhemchugov
Joint Institute for Nuclear Research, JINR Dubna, Russia
E. Di Capua, G. Vidal-Sitjes®!
Universita degli Studi e Sezione INFN, Ferrara, Italy
A. Artamonov’, P. Arce®, 8. Giani, S. Gilardoni®, P. Gorbunov’, A. Grant, A. Grossheim®, P. Gruber®,
V. Ivanchenko®, A. Kayis-Topaksu'?, J. Panman, 1. Papadopoulos, J. Pasternak®, E. Tcherniaev, 1. Tsukerman’,
R. Veenhof, C. Wiebusch®, P. Zucchelli'!!*
CERN, Geneva, Switzerland
A. Blondel, 8. Borghi, M. Campanelli, M.C. Marone, G. Prior®'?, R. Schroeter
Section de Physique, Université de Genéve, Switzerland
C. Meurer, R. Engel
Institut fiir Physik, Universitit Karlsruhe, Germany
1. Kato'?, T. Nakaya'?, K. Nishikawa'?, S. Ueda'?
University of Kyoto, Japan
U. Gastaldi
Laboratori Nazionali di Legnaro dell’ INFN, Legnaro, Italy
G. B. Mills'®
Los Alamos National Laboratory, Los Alamos, USA
1.8, Graulich'®, G. Grégoire
Institut de Physigue Nucléaire, UCL, Louvain-la-Neuve, Belgium
M. Bonesini, M. Calvi, A. De Min, F. Ferri, M. Paganoni, F. Paleari
Universita degli Studi e Sezione INFN, Milano, Italy
M. Kirsanov
Institute for Nuclear Research, Moscow, Russia
A. Bagulya, V. Grichine, N. Polukhina
P. N. Lebedev Institute of Physics (FIAN), Russian Academy of Sciences, Moscow, Russia
V. Palladino
Universita “Federico IT" e Sezione INFN, Napoli, Italy
L. Coney'?, D. Schmitz"®
HSS 08.0 Columbia Univeiiity, Ne“t York, 'EJSA ] /30
G. Barr. A. De Santo'". C. Pattison. K. Zuber'®?




¥

Nuclear and Astrophysics Laboratory, University of Oxford, UK
F. Bobisut, D, Gibin, A. Guglielmi, M. Laveder, A. Menegolli, M. Mezzetto
Universita degli Studi e Sezione INFN, Padova, Italy
J. Dumarchez, F. Vannucci
LPNHE, Universités de Paris VI et VII, Paris, France
V. Ammosov, V. Koreshev, A. Semak, V. Zaets
Institute for High Energy Physics, Protvino, Russia
U. Dore
Universitad “La Sapienza” e Sezione INFN Roma I, Roma, Ttaly
D. Orestano, F. Pastore, A. Tonazzo, L. Tortora
Universita degli Studi e Sezione INFN Roma III, Roma, Italy
C. Booth, C. Buttar®, P. Hodgson, L. Howlett
Dept. of Physics, University of Sheffield, UK
M. Bogomilov, M. Chizhov, D. Kolev, R. Tsenov
Faculty of Physics, S5t. Kliment Ohridski University, Sofia, Bulgaria
5. Piperov, P. Temnikov
Institute for Nuclear Research and Nuclear Energy, Academy of Sciences, Sofia, Bulgaria
M. Apollonio, P. Chimenti, G. Giannini, G. Santin'?
Universiti degli Studi e Sezione INFN, Trieste, Italy
Y. Hayato'*, A. Ichikawa', T. Kobayashi'*
KEK, Tsukuba, Japan
J. Burguet—Castell, A. Cervera—Villanueva, J.J. Gimez-Cadenas, J. Martin-Albo, P. Novella, M. Sorel, A. Tornero
Instituto de Fisica Corpuscular, IFIC, CSIC and Universidad de Valencia, Spain

HSS 08.09.2006 Fermilab/USA Christine Meurer 28/30



¥

'Now at Imperial College, University of London, UK.

Now at Bergische Universitiat Wuppertal, Germany.

3Jointly appointed by Nuclear and Astrophysics Laboratory, University of Oxford, UK.
4Now at University of Glasgow, UK.

% Also supported by LPNHE (Paris).

5Supported by the CERN Doctoral Student Programme.

"Permanently at ITEP, Moscow, Russian Federation.

fPermanently at Instituto de Fisica de Cantabria, Univ. de Cantabria, Santander, Spain.
90n leave of absence from the Budker Institute for Nuclear Physics, Novosibirsk, Russia.
00n leave of absence from Cukurova University, Adana, Turkey.

110n leave of absence from INFN, Sezione di Ferrara, Ttaly.

Now at SpinX Technologies, Geneva, Switzerland.

3Now at Lawrence Berkeley National Laboratory, Berkeley, USA.

MK2K Collaboration.

15MiniBooNE Collaboration.

5Now at Section de Physique, Université de Genéve, Switzerland, Switzerland.

1"Now at Royal Holloway, University of London, UK.

¥Now at University of Sussex, Brighton, UK.

¥Now at ESA/ESTEC, Noordwijk, The Netherlands.

HSS 08.09.2006 Fermilab/USA Christine Meurer 29/30



References

‘Baker61] Phys. Rev. Lett. 7 (1961) 101 (AGS)
Dekkers65] Phys. Rev. B 137 (1965) 962 (CERN)
Allaby70] CERN Yellow Report 70-12 (1970) (CERN)
(Cho71] Phys. Rev. D 4 (1971) 1967 (ZGS)
Eichten72] Nucl. Phys. B 44 (1972) 333 (CERN)
Antreasyan79] Phys. Rev. D 19 N3 (1979) 764 (Fermilab)
‘Barton83] Phys. Rev. D 27 (1983) 2580 (Fermilab)
Abbott92] Phys. Rev. D 45 (1992) 3906 (AGS)
NA49 06] hep-ex/0606028 (SPS)
'HARPO6] ISVHECRI 06, Weihai (PS)

HSS 08.09.2006 Fermilab/USA Christine Meurer 30/30



