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Black: nubeam500 + GEANT-FLUKA
Dashed: nubeam500 + FLUKA standalone
Red: new transport + FLUKA standalone
Blue: +tuning of yields to SPY data

10 “H
A. Guglielmi
i Pt R e AT T
E (GeV) :

NUINTOI, A. Rubbia, Dec 2001



- Comvwmltionod v .‘MOM:@ QCc{eMQ'l‘ols (77',&(—-& V+... )

. mot pwe V/‘ (VC) b(wg

¢ comat of hadrousc coss-sechons, parhicle t1cuspoct
which Uwat the seusitivity

=> colemlehomn s ~ com/oet'cafcol cescede a.)( phym'caf processes
omd mot a'us’r the case of T, K produchon where

mesons o‘ecow, m & vecuum Tumwnel ...

(‘ . 400d M hadrowic grerator (> Hu ke )
. i'bWViM% to_hada. prooluchom date.

- new mone fmf&nse, Leler a/e_flheal v beows

l-lon '“u. cwml'fwoi -oNnes _.,

(3 - beaw

SU.PM. LQM

WL, e f"a"?

Yl
%, 1777 2R

/4///##/////”////1/4/

10



2, haep;
0. ho.dom Paooluc’fiom prert'mcm(
lor the \)-fo.ci'oa.u, Qumol

the atmosphane v Llux




*

9

The HARP Collaboration

M.G. Catanesi, M.T. Muciaccia, E. Radicioni, P. Righini, S. Simone
Universita degli Studi e Sezione INFN, Bari, Italy

C. Gofling, A. Grossheim, M. Mass, K. Zuber
Institut fiir Physik, Universitdt Dortmund, Germany

I. Boyko, S. Bunyatov, G. Chelkov, A. Chukanov, D. Dedovitch, P. Evtoukhovitch, L. Gongadze, G. Glonti, M. Gostkin,
D. Kharchenko, O. Klimov, S. Kotov, A. Krasnoperov, Z. Kroumchtein, D. Kustov, D. Naumov, Y. Nefedov, M. Nikolenko,
B. Popov, 1. Potrap, A. Rudenko, V. Serdiouk, V. Tereshchenko, E. Tskhadadze, A. Zhemchugov, V. Zhuravlov
Joint Institute for Nuclear Research, JINR Dubna, Russia

P. Arce, F. Dydak®, S. Giani, P. Gorbounov, A. Grant, P. Gruber, V. Ivanchenko, J.-C. Legrand, L. Linssen, A. Lundborg,
J. Panman, I.M. Papadopoulos, J. Pasternak, R. Veenhof, C. Wiebusch, J. Wotschack, P. Zucchelli
CERN, Geneva, Switzerland

R. Edgecock, M. Ellis, S. Robbins, F.J.P. Soler
Rutherford Appleton Laboratory, Chilton, Didcot, UK

v E. Di Capua, V. Carassiti, F. Evangelisti
.&J Universita degli Studi e Sezione INFN, Ferrara, Italy

A. Blaﬁgl, S. Borghi, M. Campanelli, S. Gilardoni, M.C. Morone, G. Prior, G. Santin
Section de Physique, Université de Genéve, Switzerland

V. Ableev, C. Cavion, U. Gastaldi, M. Placentino
U Laboratori Nazionali di Legnaro dell’ INFN, Legnaro, Italy

Q J.S. Graulich, G. Grégoire
N Institut de Physique Nucléaire, UCL, Louvain-la-Neuve, Belgium

\ M. Bonesini, M. Calvi, M. Paganoni, A. Tonazzo
Universita degli Studi e Sezione INFN, Milano, Italy

5
> V. Chechin, V. Ermilova, V. Grichine, N. Polukhina, N. Starkov
P. Nilbbedev Institute of Physics (FIAN), Russian Academy of Sciences, Moscow, Russia
>

~- S. Gninenko, M. Kirsanov, Yu. Musienko, A. Poljarush, A. Toropin
Institute for Nuclear Research, Moscow, Russia

s
§ V. Palladino
L5 Universita “Federico II” e Sezione INFN, Napoli, Italy

G. Barr, A. de Santo, B. Raeven
Nuclear and Astrophysics Laboratory, University of Oxford, UK

A Y
M. B@o Ceolin, G. Barichello, F. Bobisut, A. De Min, D. Gibin, A. Guglielmi, M. Laveder, M. Mezzetto, M. Vascon
VJ
~
S

oy

Universita degli Studi e Sezione INFN, Padova, Italy

J. Dumarchez, S. Troquereau, F. Vannucci

—
vy LPNHE, Universités de Paris VI et VII, Paris, France
\QQ\ V. Ammosov, V. Gapienko, V. Koreshev, A. Semak, Yu. Sviridov, E. Usenko, V. Zaets
Q Institute for High Energy Physics, Protvino, Russia
N N U. Dore
m Universita “La Sapienza” e Sezione INFN Roma I, Roma, Italy
.

D. Orestano, M. Pasquali, F. Pastore, 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. Chizhov, D. Kolev, P. Petev, I. Rusinov, R. Tsenov
Faculty of Physics, St. Kliment Ohridski University, Sofia, Bulgaria

G. Maneva, S. Piperov, S. Stoykova, P. Temnikov
Institute for Nuclear Research and Nuclear Energy, Academy of Sciences, Sofia, Bulgaria

M. Apollonio, G. Giannini
Universita degli Studi e Sezione INFN, Trieste, Italy

J. Burguet, A. Cervera—Villanueva, J.J. Gomez-Cadenas, M.C. Gonzalez-Garcia, G. Vidal-Sitjes
Univ. de Valencia, Spain

spokesperson ' 2



2.1

zl

Mot go.hous

). the v- {adou1 ale.silw

Pz{mmv\ mery TM?{' me foiad & geometey collachion schome

- Muim'tl'n% 7T4, W“pzoohﬁcfl'ou 2ate /pa}/QQV

- KMawfn% with hf',l) preciSion (< 5%) the pT-oll'sfz:'bu‘}iou

CERN Scenarto :

2.2 C/'CV/t ﬁo"on linac

Phase 20teheon:

- Qom ?H'uol/\'noﬂeul 'fueec the beaw -
slow dowm carlan porhees,

accelorete Loter omes .

~ netol goool Kmowledge also
of P - distribution

A possible
layout of a
neutrino factory

16
SPL: 1.1 *10 f/S —> "Ozsp/t/(ia/\.

2!
0.3 10 m- c!".(‘,d.(_’ /tfﬁ_‘ﬂ- A

L

/



-2 Atmo sphemc v .I Caxes

\pu'mw! fax . prmory .(&Jx : Known lo beflee tham 107,

o most o{ﬂnc wucui‘mfcf comes f2om the lock

hadron o} dota to comstunct oud colubrete

duction
TT + T coc® o celiable heotom mtmachion model
j\v m decav . moJcC-—a‘e’m.olen‘l' gxf"zoxpofd.'hbﬂs ‘fzom
u B chains e Umited set of dote = 307 unantoudy
V y m etmosphewe {luxes !
e Ve

h



lacK ofdote |

- few ofdl expeiments
- bmo.u Mcz'oh&a

- poot dote in poaheumlor @ Cow emee gy

~ ~ Be toeprt used | P = 14.¢,12.5 19.2 geV/e

- Sowe data coulol be

olrecoly 2xplon teol : 910

0 0.2 0.4 0.6 0.8 1
Xiab

oim o} _hoap :

- hadaonic d"'r/dp,_ / dp, vorious beaws £ +o¢?a¥s
_ 'm'?lﬁ ete hshes (~ 10‘) pe SeH:'nﬂ,, low sydmakcs
(s 2 accumecy over dl phase space

~ proton [piow beaws, 2:15gelfe, T9 beow @ PS
Ap/p £119

~ adolhFomal (0:(10-) torget + {

ESom Be 100 MmiRoNp

22plica
P&ls

CO o Al 200l W2x



15 gev/c protons on Be

the txpmimwfaf explovtotion Tequires

- momemtum evaluation im 100 MW/ - 10 GeV/e zamge

- long.t acceptamee

- P/T, ®/p, ¢/p sepouation

/6



(4

2.2 HARP detectsr

barP : Qarzgz Acceptamce amol Pachicfe ID.

- T electron
chereqkov - idew
'ﬂ\ L | 14 Iy o

[ ] identifier

spectrometer
é;n’!% magnet \0.6{1

forward trigger
forward FIPCe\ N
=

TPC/RPC SQle[IOid
magnet 5

_ drift chambers
“characterized” beam

¢ , TOF (21m) HWPce  +ITC 11.'”0.

-----

PS East Azea. beams: 2-15 GeV/e Ny
?’ ““\ : — =

by

\ —~TAR 6ET

TPC /RPC

CheaemkoV
ToF wall ="">

WoHAn  f0% At
7, cocbon cﬂ'anbl(
1% "‘(Q.\‘ho‘n(

------




P 1D rzecluno’amcy i the [‘; -,CE lame

1(40%)

p/n separation at 4c level, “conservative” simplification

AT i g
("‘5) 3
i %
L=IOm .
1 W
\T, C i.... - mmm“’+
- i -
| ~ Cherenkov g .
E ongiludina omenlum eVic
0993 . p pion distribution for 15 GeV profons on bcrﬂlm:l;l u::c: lfG.lP:UKA)l © ’ e,
/ I PLP1 box plot of r distribution from 15 GeV p on Be thin target

Mamenium (0 eV

P (Gevke)

8l



Acceptomces % Piol fH'\.M.MC':CS

-

- e
) —‘_____,_.--r""

”_.__.-F""

8
px (Gev /<)

Forward épécfromefer

v

MAW TR\GGER LOGIC ©

o8 a
PparpiGev/c} 08 Pz (Gev/<)

Forward (FTP) Teiggu
/ OR

=  Louge- wo‘& (1T¢) Taigom



Qout%l - mo‘&. detectors : TPC

—»
beam

15 m towg 0.8 diometen , 907, Acqom , 10% methame
vO0.3T 50%0(0\&2 m&%l".\C ‘P\"-Qf’l . é_ET -~ 0.033- PT

12 KV/m U‘M} =5 om/ﬂs a

3932 ceodout pa.o‘x MM%&C‘ W 20 comesm fanc 1ows

. tomizahion Level sowpleol owm each ped im 0-lps

- D\ES{C‘“ mu};”‘h‘[ m_‘épl:r).&-:l E‘n, x| § l.’*;uq» ol.f.fe.t’_.hs £ 0 u“,f_'.‘(?;&{,.;!

o -{ML(‘H ,NAY /lf:u.‘\ . Readont —fm Aha '/4;,;3,5
Q



Gatti-Mathieson response 150 | 80%0 Of th e pad S
5 ‘ = Py o |  have an electronic
5 . é% o Dua : gain within 50%
2., ¢7 H ° of the average value
0.4 &/ P\ h ° =
. . \ o pads equalisabion oud calibration (*Ke) dote collechd
h [N ,'_,/,'_, {tg_, "r.: h-l)-h > o0 SM-—- - qu ";-’ i" o] SS
swe =t Distance from pad cenlreTmm] “' P‘L W
e Caser colibrahion systom: 350 |

pho“‘oefudﬁc emission f2om Al
sputeted quarts +i bees (Qumineteol ] 1

Photoelectrons | i 3 -sh
L, T, 0. Wt drfing inside ;Quartz 3 Pulse-shape
1 t the TPC : Fibers _
_ it - twe £ sloboiit
O‘%l £ ® _\ 1 HV Membrane] : so - . .
- space -choage & olstomces gt LS. o PIYOIOSES )
N 30 30.25 30.5 3("33‘28 (ﬂ;) 31.25 31.5 31.

- pulse-shape oualysis



Tt

Qoumcy. angle detectors : RPC

o separetion o-f Qtuyz—augﬁx e/T  p< 300 MeVfe

® U'e < ZOOPS nccdtol 2¢$oeu'|1'o14

(]'.’l. o/ ¢ !f. .g__,.f 0.93_

0.96 |

094 |

092 F

56 656 67 68 b9 6 6.1 62 63 64 6




-( omwoaol s,oechomdm . CheaemKovr

- cwﬁbuo\w(cod muors m a 35 m3 vessel ‘{’iuw, with % Fo

- CHooz §" PMTs

o\ 'y
98 . L
— f —
={ T 89.¢10.9  >13Y% > 97
~ Ve e [ Py &$r N
|
S S / ?“ - t ' ,/
! ’ L R R
ala 2gséd onm O€om pa s
A l
L | '\ 1 L .J“
F‘ UAA 1€ / - R  OA v [
WA }y o !

L XA




{oa waoad spechomdu . T0

F woll

. 40 scmhflotion comters  BC-408 equyped

with X P2020 PMTs .

. e_xpzoia.@\' o\lsi?v\(.o\ ehchow{c C'na/fmf 35',5

aasolmhon f C/wss/-‘qﬂ( , ?oool cto

. contimuos fasu, c-tys
wal pulse calubrahon 7

used oz time- wolk 600

covechons amal S"C\.bifj,\’ 500

momtors 400
! . ' ‘ - 300
lmt’MMSAC. hmt d.;sopmﬁou
. 200
V E v '50 pS
100

= U';'OR v 210 ps

-

"t

b &.’I-.,

-97-96-05-94-03-02-01-00-89“-38
At(n

< ge V/e P'Lofws






2.3 {M%{s

So_lidltargetsj_
targe |Z |thin |thick
0.02 X 1A
¢ (cm) |(cm)
Be |4 |0.81 (405
C 6 [0.76 |38.1
Al 13 10.79 (394
Cu |29 (030 |15
Sn |50 |0.45
Ta |73 |0.22 |11.1
4
Pb |82 |0.34 |17.1
target tube and
standard target ]
holder Cryogenic targets 6 cm long
H2 D2 ‘ N2 O2 |
Spe_c.igl targets "
K2K target "~ [~60 cm Al + 2

MiniBooNE target

~65 cm Be +/2

26



2.4 Cotlected data souw\,oec (2001)

e ~ 100 mi0liom ]olol]s(cs f’btws/ wwmt ete v 2.5 KHe (~lam+)
. thwm 5@) AflTa.' Ph +0A.P.{- ='3' B’ 12, 1S c’c% ' 4-’ —_

e some KZK toagpt measumements @ 12.9 9eVe +

W MumBooNE " @ <& C,Q.V/c, +

. speciod rums for celibra hioms, empty boeget - 28ys, - ..

9.5 Presemt stotus o-f the Ma,lu,sfs

o Low ovegy | 3 9V
. beom pokcde composihions v
o oetector calibaahiomn v

. fwu),z QMKX;_ mq,ﬂulss'g . -~ TPC c@ush/u'n& track -’—fnoun?
amol -(«'HEM&‘ R PC

- ponhcle ID (e, T, K, F)

= st d'n [dpdy within 59, o
by the end o march 2002 Q

23



Run 8107 Event 8392

® 12 GeV/cp




o beom sl'\qpe d composihon ou a pmh'c&-b-’;pm.h'c?e bosis

~ Time -of- Flight (v21m): hachtou PIB P< B Gel/e
- 2 ChetemKkor Coumbuas: e*e #q.%w? 3 GeVfe.

L] 23 Qv Q
- 4 MWPc , °~ 0.7 mm om 'hmvd tmpad‘-PoHA* pP-3 9'\/’//
- C.bh N M idemhhee »
Corrected histogram for TDS — TOF A (all channels)
104; , - N .
= T e, 2312.94 £ 5.19 4.07 + 0.79%
_ P 7. 2314 91 :t5 17 68.85 £ 0.29%
. 3 ' .02 2 7
expected pea.K 10 o 2420.80 + 5.36  21.74 £ 0.16%

d. 2728.61 £ 7.57 0.21 £ 0.04%

posihoms odow
bo colibrate oud 102
CLOSS~C lne cK

P.,y.d.d = 3.11 £ 0.07 GeV

UL Illllll

“‘l(. kﬁQAM- u(lﬂt 10

momentum

n 'h“. WH..

2300 2350 2400 2450 2500 255(] 2600 2650 2700 2750

, N

Corrected histogram for TDS — TOF A (all channels)

b?




200 |

-400 |

Large Angle Analysis

RUN 9077
EVENT 780

30



2.6 Puspcch'm om 2002 da.ta t-au;;u%

PS beom will zestant Ha-y
- ayopmac torpets (H 'Sy 0)
1 VM‘ F' 2, 2, 2 2
-+ fmal K2K & MimiBooWNE siohshres

—» complete the measunements ou stoudotd toegebs

with ol beam momemta 4 both polarrhes

2.3 Follow - wp

Com,o@e memt the HARP measurements with hfglau mowmenta {02 :

. hf%hu W“&'j V- -fac‘t pzo"'o-u dnaivus

. m " /u’{u o-} hedhoprodue hom -fvt afmorflv.v

; s*wo\u, the beom eomposition for WUMI (Ieo GeV/ )
oud JHF Supee beow (S0 qel/c)

—» HARP/NA49 proyect @ CERA/ SPS
usfm% the NA49 apporatug

— 'M%‘J‘J’W* c..ar"t:ﬂo . Eq0F @ FWNAL
\

3]



This todk s dedieated
to the memory of my mothw Giuba,
a vy speciod womam whneh ?ua.f((f

e_o'ntl«"oul'tol to ma/m, tvmts 0-" 4“7 (4-{(

?tm-{e momme

32



