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5 1L LR A S AR 8%, 7T LASE EAS 9 iR R AT AL
HEREES R FURERAMERICR TR, ILRE
CRMEEFAEEUNE ESEARBELRES
VA B e R BB T T B O TR BORL T R A R Y
Ex—ERGHEERSBIFERITRESLR
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2= R 25 M Ak X B0E SR T (R IX) B,
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X% F A AR . ER XS HBREN T
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BOIFESHEERS RS LR 2 R, MR
ERAEHTRR, MG E R AR KR EER
AWM EMEIHENRREIRE.

2 3O H BB 2L S I BOHE R U R
SE,, TE 100—700TeV 88 X /) 5= BE I 35 ] ) 7= A 44
AT T B R AR A B EAS B /¥ CORSI-
KA6011" | 3 F QGSJET I DPMJET %5 #1384 E. /¢ Al
MR RRIE L H R B4 RAMER BN RV F
HEABEMAER XK ESHTTHEY
Monte Carlo BH]; Xt PRI KR L R 5 LB H
WHAT T BB S 417

2 LWHEH

2.1 LI

FTAERAWEEREERGHHSEHERLL
(4R 5500m) FLIE LKA KO- KO HFL = . &
HEIK BRI EBEAREDT

(1) % %= f w5 W W B8 & 100TeV < SE,,
<700TeV,3E, = S(E, + E). ¥ E, FiEH v
SRR EE, B N5R T AL v BEA 32 K0
WIRE 5 (2) 15 3 41 % K TR A3 70 B A 0°—45°; (3) R P
SR/ BERCA E,, =4TeV; () B v 55
BN, SRFEHEN, ZMBEL:(N,+ N,) =
4GG)EFHEBRMNER P L¥E 15em LIS ES .
EEEE PR EREWRERIE 151 1.

2.2 Monte Carlo £#)l

£ Monte Carlo ¥ #1718 #, 5k /I CORSIKA6011
RFED %R AR E T 10%eV BB MXTF .
BT RFEREMETEKRKIFH EAS R BT
. 5K A QGSJET(Quark Gluon String model with
JETs )™ #1 DPMJET ( Dual Parton Model with
JETs)" 7 i e 558 AR T A PR A B SR AT 40

i RE 5% 4 H 1 1 4% B QGSJET #1 DPMJET #F LA

Gribov-Regee ¥R N 2Rl , AHEAE FH#F B S X £
EIH % T (Pomeron) K LA . QGSIET AR T 71
B F5%(QGS) MR ™ B , 38 40 B 4F Al it S e il
s 3 % % F (Pomeron ) R # 38 . % % F 4 AGK #L
WIHR B KK, X LUGEMR Lund BN T B .
ERBXXEEANBREET minijet ) FTHK.
DPMJET &) 2 5 T W 42 B SR 4> F LA (Two Com-
ponent Dual Parton Model) , 8 h & W #25] A T mini-
jet TE. RO BABEREE FREA, ELR
MENE FHAL. 5 4&%% JETSET™ # & i
Lund" BRMFRBEN. BT S S5HEER®
¥ T8 B FAHEAE AR ECR A Glauber B it 8 .

Bl BN RN R FHAEESAR,
Rl it B B KK JACEE" , RUNJOB"™ % L &%
B BB BRI B A R AN, R B TR RLE Y
REBTEEREAINSY . EEWFEFLRILE
MR AR 6 Hin: mF (p). BE (He) . BR AR
(CNO) E#(H) HEZ(VH) 5% (Fe). BETH
BITEER BN 2 x 10¥eV, BIT/E & H 6 M M4 68
(AN/dE <« ET) BB (BB N 3.0. 1AHT
EHBHFHEBRAR BITREE BRI
TP B AR LR

EEVMFEHLZERN 2x10“—10"eV BER N,
I F 38 A5 B /E FH B R QGSJET #1 DPMJET 43 %1 # 47
T EAS B Monte Carlo B . B &MH4ITF . FE9k
FRESEERERBNE 1, KRTAAE 00—45°2 8],
FHR AT 0°—360°Z 18], X L F .y Ml p FHIBERE
WIRE BB E N 2TeV, W 558 FRUB A RE R E
SER 0.1TeV/F . LI F- 18 B % 1R = 5 5500m.
X BRI IR BT, R S HERILEEE
TWAR P AGHT THREL S ABES R %
BTIBENAREB B FRERUSE. Yy 5BF
M4 RS ESBENRBARFERE. BT
AEIRER SHATAEAKIEREERH0.1,0.9)
X [B] K BEALI A (E, HE RS IR BB F 23 = + F,
He o BHRF0.3,0.5) X & R FEHLHEAE .

R1 BUFRBHRVFHEKNSEEFTELERENLIAR

CNO H VH Fe

A B4 p He
39 0% H T 1 2 7 12 17 26
BIFRER E,/ x 10"eV 2 4 14 24 34 52
BRI B () 2.80 2.68 2.60 2.55 2.55 2.5
- 10%eV 28.1 24.0 24.8 8.06 3.01 12.0
10%eV 16.0 18.6 31.2 11.2 4.20 18.8

H(% )
10 eV 11.7 13.5

26.0 12.1 5.31 31.3
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3.1 RESIHTEBEREERVERMXE

R ERHEBRILSAKELR N EEKRER
HIARHE, ] QGSIET BB T 1086 71N EHTRLF,
B2 T 4124 DFF B R HE BT HE R S LI BE A
100TeV < SE,, < 700TeV #9155 5 ; F§ DPMJET < #!
BHLT 362 TAIRFIRLF, B8] T 1883 NHEFH .
R B AR BURE AT LB B RS 5 R AR L
{8, B MR 28 ] B9 7 42 28 . DPMJET 8 B 44 1 B4 1 38 51
FEAE AR ~ 5.2 x 1074 QGSIET R 25 1 4 AR B {EL
H~38x107". LA, ZHEAMEHT, H
DPMJET #8245 ) i 1 35 451 7= 4 R E I QGSJET
RIS AR EE S, X — 45 R 5 X [4,5]18 R
HH—3K. SCHEk[4,5]17EF] F CORSIKA /75 EAS &
BB 8% 458 - 5 H AR (QGSIET A %) A1 L3k, B
DPMJET BB #H TR B RN E EBERKPH
PmrREFHER. Bk, 75 L% EH DPMJET
BR300 o T At AR Y

F 38 A B V2 B AR &l QGSJET 5 DPMJET #47

BB 8B T & R A0 A 0 BT 7 A 0 1 8
EESEEFARNESE, WX 2R, AR 27
W, B s A EAE AR QGSJET 55 DPMJET #1716
IR 15 5 0 A0 N H B A — 3G R 2 (P + He) 7=
HEREERRA S RERRN ~80% ,MEWERK
(H+ VH + Fe) = A W HE F S BN & R F 6 888
~8% .

H T EIER A &R R AR
ME, URERER=ERRESEPR FRENXE,
e33R W T RH QGSIET #1148 2 ) B 4] F &
RE AN TEA T B8 X B DR F 577 A 0
BRI BB KT 100TeV) (R H H 49 7= £ SR DL K&
HEAWMBEES SR EEMBRNE T,

MEITUER: (DER—EBXN,JF4E
HEAMKRERLS THMAEFZ. HeWEX M
BEMEFRARSETWETR FHK 21.6 %,
HRERFFAENBERFAINL T BFHHH 62.8% .
(2) 7 H= 1 28 ) B 35 S8 W B0 BB A bt T 2 T 4
LR T R4, B H A REH “A BEX " (0.2 x 10°—1.4 x
10°eV) FFH 3 “B BEIX " (1.4 x 10°—10"eV ) B, H =
AEREGRERM TRER N NER. BEVGE
B EF BN ARELRTFRKEER, 2FE

®2 HABINERVESFFENEENB R R

FERIR 5 P He CNO H VH Fe
W BB 2588 799 440 116 40 141
QGSJET '
B o EE A 62.7% 19.4% 10.7 % 2.8% 1.0% 3.4%
320 1122 367 225 67 19 83
DPMJET
F o E A 59.6 % 11.9% 3.6% 1.0% 4.4%

19.5%

%£3 FAQGSIETHEERMBIANARAERAARMBASEEFNTERERE S B REN LG

xﬁfo%:v EA s RV FH % Bl PR (% ) Eﬁiﬁ%?m
p 2295933 825 0.036 18.87
0-2 He 2411988 12 0.0 0.27
A :4 o 2875287 0 0.0 0.0
H+ VH + Fe 2912868 0 0.0 0.0
p 46896 1528 3.26 34.95
h He 54501 485 0.89 11.09
b ; CNO 104943 103 0.10 2.35
H+ VH + Fe 145719 9 0.006 0.21
p 923 393 42.58 8.99
10 He 1077 350 32.50 8.01
¢ 1;) CNO 2079 365 17.56 8.35
H+ VH + Fe 3900 302 7.74 6.91
&/t PR S 10856118 4372 0.04 100
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BtE 10%eV A FILFE R KSR, HA“B BEX
EFRF“C K" (10°—107eV) B, H 7= 4 R F B 89
HEMIMT 3 AABBELUE. GO)ECRK, 28
BRI ENEEMRERS p, He #1 CNO #2,H
BT EM EHRRE A, BEZTEREANK
ERTFRMETZ. X, EEBNEBEX, &
RETEN L T 2T BEMR T 28.2% HH”
EWEEAH R S AEARKT1% . WDERT
107 eV fE IR, 3 FRATHT R F AR A, 7T LA
HUCBER " 0 4 3R R AR T 3 ( ~ 8 x 10°) , fi 3t i
7EE F 107 eV 8 X 9 JFU 00 L T 7 BE 7= A= i R 3 1
¥, ERERX WO HEER L LHEF RN K
BISETF ~2% . B, R E R e R
107 eV AT LIKY .

AR 2 B R E R & R R R
oA B BROR , DL R A R I B R 5 TR AT
RTHENER G TRMN#—-SHEBRFAEER
ARABRSHENFEFRESEREFEMEERNT
W OREBBRMN EAS ERSFHERSEHNT
.

3.2 HRESTHRUNRKNSE

e =45 g AT R A
(1) REFFES R n;
(2) EEHH KT B R=3R/n, HF
R ABPE MEHRABKOERP OHE
B
(3) BEM M PR B ER = SER/n, H P
E, RGEHE MEHBRANER;
(4) W H K SN EE SE,, .
B, LI o 38 A EAE A AL
HABEMFEHROLFHRAERKOKB R, H
HE 400 S 06 LI B 150 3 S 5 E B M L B, TT A

45 =
40 F
LS

. experiment
QGSJET
""" DPMIJET

30 F
25 E
20 E
15
10
5:
0

PR A | I N
=10 =0.5 0 0.5 1.0
log(ﬁlcm)

B KRAMESEERN R S

A 301 o BT SR P A B A T AR R R R 5 SRR T R LA
BRI AT RS .

B1—4 A THELUSAARELRM
355 M AR FAAE A QGSJET, DPMJET £5 #1458 2 9
A BE R 100TeV < SE.,, <700TeV BIREH K R,
ER,n,SE WA (FEERBEBIEEY -2 T %
BRcHE) . py IS L, T A R A A A B AT
A 400 - T 75 B 0 R S 49113 T UR I B A0 2 5 5K
I B4R B0 M L 43 A B AR AR AT

60 |

o . experiment
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P DPMIJET
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B3 STRABEDEERKNSER o 3

45 [f-.

a0 E ° experiment
3 QGSJET
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3.3 XRSEMEEGTRURNFHE

KRG SRR 0 3 M REX,HHE T
A HEIX 1 SEI 5 2 T PR R B 5 4 AR AR B AR
BB EER R WFHME(R), ERWF A
CER) , W& 5 58 180 B8O 7 1908 7, B iR B 5 SR 3
& 2E, KFRECE,)  UER LB SEEMKE
191 B 7 2 R AIE B 5 5 I BE FR) DR BR 4T € BB

RERMFAFR. HRTUFH: (1) BT HFR
SR EAE ARG REBA S M EE K E
(R),(ER),n M(SE,) GG IREHE N 5H
N SERBAREAARAF. (2) BEEWMEE SE K1
o B S B I R B 4A R O B A
(R) ,WAEBL KBS, X—4R 5 X114 H K
R, (3) ELAMMAEESN 400—700TeV KIFEIX ,
HTFLRMEITBR/DN, REH KA.

£4 TARAERERSHBERHY,(R),(ER),7,(ZE,,)

S B/ TeV LR HEL BRE R {R)/em (ER)/{TeV+cm) 7 (ZE.;)/TeV
100 HEfLn 90 2.4£0.3 24.0£2.6 12.2+1.3 135.0+ 14.3
— QGSJET 2665 2.610.1 24.0+0.5 12.0£0.3 137.3£2.7
200 DPMIET 1273 2.610.1 24.320.7 11.6+0.4 136.9+3.9
200 HEMEs 44 2.0£0.4 20.923.2 23.0£3.5 286.2 +43.2
—_ QGSJET 1127 2.410.1 23.320.7 21.810.7 270.5%8.1
400 DPMJET 465 2.50.2 25.2%1.2 21.4%1.0 273.9212.8
400 HEALK 17 1.6+0.4 18.7£4.6 33.0+8.1 526.1+127.6
— QGSIET 333 2.220.2 22.1%1.3 39.7+2.2 512.5+28.1
700 DPMJET 145 2.4+0.2 24.22.1 40.2+3.4 520.5+43.3
100 oLk 151 2.2£0.2 22.5:1.9 17.7+1.5 223.1+18.2
— QGSJET 4124 2.5%0.1 23.720.4 16.9+0.3 204.0%3.2
700 DPMJET 1883 2.60.1 24.5+0.6 16.3+0.4 200.3%4.7

3.4 gEBR&EDYK

Tamada'™ 38 3 %t Chacaltaya F1 Pamir 35 i &
B HBHEIT R G 0, MBI T RFEFREERSE
FHRE. RN, ETHRABREFAPAMEYEK
B3 B0 BR8], FEXRI BB A 48 KFB4r (=90 % V&P
T FE] 5 75 5 S0 0 A 3 1) B X (B BE G A BB 2 P R
A lem B JL mm {EE N ). Tamada KT 5 F A JH
B 58 A B A AR BLZE “IE 8 89 500 F B R AL R
B FHIT TR E SR EREX —XR
M.

N TR RS EI XN BRAREEETH
FREER, & UEERMEREF RS R

X0 = SE, (r < 10mm)/ZE,,

He SE,, (r<10mm) Z7EFEEER P 0¥ r<10mm
I N By SR SR T RS RO VLI RE Z AN

BSHETHEREEBANKNERBERR
B MmMERTTRNER, BT R . AH BN
HARZEFLERRBNRERENTFEEERET
AEETHRMEAERKE QGSJIET M DPMJET 44 2
MENKERRERE P RN ST, SLRRENER
REHREAREF E 10209 XEHEESERE

AR LB R AR i FE R B F A A e RE B &R
R, XSBERT EWY AN THRER
BEAMF.

S0 F
40 L] experiment
[ QGSJET
oF | T ]
= 1 .
20
0F Tl
aaaadaa a1y n 1 i 1 1
0 0.2 04 0.6 08 1.0
X0

BS5 LBMNEURBREANERREDR » KA

HTHEENNEREETHEHETELLLE,
EEAEREEEETE(y o =00 HEEFH n(yo=
0.9) 5 BEHE N, K HAEE L H

¢ = n(xw=0.9/Nen .

W EAE, TR RETRMEAIEAER
QGSJET #1 DPMJET #1713 2| iy ¢ {H 43514 (23.8 +
2.0%,(154+0.3)% M(18.3205)% . & T
DPMJET BB R MER KB ¢ H, 5XH
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QGSIETHE RIS B MA N B ¢ EAHEL, ML REE R
B ;B 5 LB BE A L AR R AR

4 HFRIE

R 7E EAS S8l H 412 % Fi B9 CORSIKA &
Fr, % TR B 4E A & QGSJET 1 DPMJET, 7£ Ff
KAMBEY FHLRESEFHARPWBRIRT, X
BILABREREEN G = ERFAESEST TR, R
EZH.() F¥EFFEBRBANSIERTE THAM
BFERERREN LF, SR EMBR S =E KSR
BRI R RBIBEM, BEN = EBRHKER.
(2) BB EIMEEA N FESBEY B R
HE B4R ER R R A n KR M B 68 SE,,

SR m R FHE, SXRBE S LN ES
REAMA. 3) HUKEFRE 5LH LA
REETBEHAEKEREETR(y,,20.9)
R L 3 ) B 403 S K T MO A EG AR L A
fi.

F R BRI R IE, 5 R FH A
B Ak 2 20 R KRBT SR B 5 4 AR AR B DA
*. HET“ R KRR FHAKKALFERMEER,
A ULEREIRY T HKAFEARN B W ELR,
RAEZHRM ARG, AT LA RESE
K AR, X T R R BRI ) B0 7 AR AT L —
BHIBEIE .

RMHEHLIKEESEAXTRTAENLHF.
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Study on the Production Characteristics of Cosmic Ray High Energy Family Events
with Simulation and Experiment”

WANG Kong—Sen“l) WANG He' HUANG Xing-Tao' MA Lian-Liang' MA Li-Na'
WANG Yong-Gang' XUE Liang' FENG Cun-Feng' ZHANG Xue-Yao' LI Jin-Yu'

ZHANG Nai-Jian' HE Mao' WANG Cheng-Rui' REN Jing-Ru’ LU Sui-Ling’
1{Department of Physics, Shandong University, Ji’nan 250100, China)
2(Institute of High Energy Physics, CAS, Beijing 100039, China)

Abstract A Monte Carlo simulation on production characteristics of high energy family events observed with Mt. Kanba-
la emulsion chambers is made based on hadronic interaction models QGSJET and DPMJET with program CORSIKA which
is commonly used in the simulations of EAS experiments. The production efficiency of family events for different primary
particles and its relationship with primary energies are given. The distributions of lateral spreads, numbers of showers,
total visible energies of the family events and their corresponding average values got from simulations are systematically
compared with those of the experiment. It shows that their results are consistent basically. Additionally, family events

from both simulations and experiment have the similar tendency of energy concentration.

Key words hadronic interaction model, extensive air shower, Monte Carlo simulation, family event, emulsion chamber
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