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ABSTRACT

Multiple scattering is being considered as a main reason of leading to
statistical errors in position finding of incoming particles. A probability
density function (PDF) of multiple scattering angles plays an important
role in track-fitting of high energy physics experiments. Nowadays, the
track-fitting codes in high energy physics experiments with Gaussian-
PDF of multiple scattering angles are being used. That makes many
errors in the track-fitting. In order to understand deeply about multiple
scattering angle distribution, in this article, interaction between particles
and material to estimate the PDF of the multiple scattering angles by
using g4beamline simulation code was done. Base on calculation »? and
Kullback-Leibler distance, number of Gaussian functions to describe the
PDF was determined.

TOM TAT

Tén xa nhiéu lan dwoc xem la nguyén nhan chinh dan dén cdc sai sé trong
viéc xdc dinh vi tri cua cdc hat (01 trong thuc nghiém. Ham phdn b6 mdt
d¢ xdc sudt ciia géc tan xq nhiéu lan déng vai tro quan trong trong quda
trinh lam khép cdc sé liéu thue nghiém. Hien nay, nhiéu cong trinh van
dang sit dung ham phdn bo mdt do xdc sudt ciia géc tan xa nhiéu lan tudn
theo phéin bo Gauss. Diéu nay dan dén cdc sai s6 trong qud trinh lam
khop. Pé xdc dinh ham phan bé mdt do xdc sudt ciia goc tdn xg nhiéu lan,
trong bai bdo ndy, mé phéng twong tdc cia hat téi dé dat dige phan bo
clia goc tan xa bang chwong trinh g4beamline da dwegc tién hanh va dia
vao cac tinh todn y° va hé s6 Kullback-Leibler dé xdc dinh 56 ham Gauss
¢6 thé dwoc ap dung dé miéu ta ham mat @ xdc sudt.

Trich dan: Nguyen Duy Théng, 2020. Str dung cac ham phan bb Gauss dé miéu ta ham phan bd mat do xac
suét cta tan xa nhiéu 1an. Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(S6 chuyén dé: Khoa hoc

tu nhién)(1): 134-140.

1 MO DAU

Tuong tac cia mot hat nhan mang dién khi di
qua mdi trudng vat chat cua dau do dugce xem 1a
nguyén nhan chi yéu dan dén sai s trong viéc xac
dinh vi tri cia hat d6. Nguyén nhan chu yéu cua

twong tac nay 1a tuong tac Coulomb giira dién tich
hat t&i va truong Coulomb xung quanh hat nhan cia
moi truong vat chat. Két qua cua twong tac nay dan
dén huéng bay cua hat dén s& bi thay d6i. Goc tan
Xa Cuia twong tac nay nho va tudn theo phan bb Gauss
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(Bethe, 1953). Tuy nhién, do qué trinh tan xa nhiéu
lan, phan bd goc tan xa s& khong con tuan theo mot
ham Gauss thuan tuy. Thay vao d6, goc tan xa nhiéu
1an s& hinh thanh dang phan bd Gauss két hop Vi
hai dudi dai Highland (1975) va Lynch and Dahl
(1991) di dua ra d6 léch chuan gan ding cho goc
tan xa nhiéu lan duoc trinh bay trong cong thirc sau:

\/7{1+0 038In—} (1)
X X

Trong cong thuc (1), Bp1a goc tan xa (rad), c la
van tdc anh sang, p (MeV/c) 1a dong lugng cua hat
t61, x 14 bé day cta vat liéu, Xo 1a d6 dai birc xa, z 1a
dién tich cua hat t6i.

_13,6MeV
bcp

0~

Ham phan bd mat do xac suit cua gbc tan xa
nhiéu 1an dugc chia thanh hai ham phan bd Gauss
(Frithwirth and Liendl, 2001), cac két qua tinh toan
va mo phong tuong ddi miéu ta dugc phan 16i ciing
nhu phan dudi cta phan bd goc tan xa. Tuy nhién,
cac cong bd trén van chua miéu ta duge chinh xac
hoan toan ciing nhu chua danh gid dugc do chinh
x4c khi thém nhiéu ham Gauss.

Viéc hiéu rd ham phén bd mat do xac suét cua
goc tan xa nhiéu l1an dong vai trong qua trinh lam
khop track-fitting trong thuc nghiém vét 1y nang
lugng cao. Muc dich ciia qua trinh track-fitting
nham tai tao lai thong tin cua hat t6i théng qua cac
s6 lidu thuc nghiém nhu vi tri ctia hat t6i dugc ghi
nhén dugc boi cac dau do két hop v6i mo hinh toan
hoc nhidm dua ra quy dao cua hat tdi df)ng thoi dua
ra cac thong tin hat nhu dong lugng, loai hat, hudng
bay, ... Qua trinh track-fitting str dung phuong phap
nguyén 1y co hoi cuc dai dé xac dinh cac tham sé
quan tam.

Hién nay, thuat toan Kalman filter (Fruhwirth,
1987) dang dwoc st dung rong rai trong track-
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fitting. D6i voi thuat toan Kalman filter, ham phan
bd mat do xac suat tudn theo phan bd Gauss. Tuy
nhién, trong thuc té, ham phan bé mat d6 xac suét
nhu vi tri cta cac hé dau do khong tudn theo ham
phéan bd Gauss. Do do, viée sir dung thuat toan
Kalman s& dan dén s sai biét trong qué trinh track-
fitting.

Thuat toan Gaussian sum filter (Fruthwirth,
1997) trong track-fitting v4i viéc mo rong ham phan
bd mat do xac suit 1a su téng hop nhiéu ham Gauss
Vv6i tri trung binh, d6 1éch chuin timg thanh phan
khac nhau véi cac trong s6 nhat dinh. Viéc mé rong
ham phan b mat d6 xac suit s& miéu ta gan dung
v6i thyc té cac phan bd.

Gan day, nhiéu cong trinh (Adam et al, 2005;
Strandlie and Wroldsen, 2005) da st dung thuat toan
Gaussian Sum Filter vi viéc mo rong phan bd mat
dd xéac sudt clia qua trinh tan xa nhiéu 1an va phan
bd mat do xac suat cia nang luong maét.

Véi myc tiéu xtr Iy duoc phan b cua goc tan xa
nhiéu lan, trong bai bio nay, mo hinh hoa ham phan
bb mat do xac suat voi véi nhiéu ham Gauss va ap
dung d6i voi vat liéu nhom vé6i bé day Smm duge
tién hanh. T d6, dua ra duoc dang phan bd mat do
x4ac suat miéu ta twong déi hoan chinh ctia phan b
gdc tan xa nhiéu lan.

2 MO PHONG

Trong bai toan mé hinh ho ham phan bé mat do
xac sut ciia goc tan xa nhiéu lan, chuong trinh mé
phong g4beamline (Roberts, 2004) dugc su dung.
Chum 10° electron c¢6 dong lugng 1,0 GeV/c dugc
sir dung dé bin qua bia nhom c6 bé day 5mm (rong:
500mm va cao 500mm). D& thu duogc tin hiéu,
virtualdetector dugc str dung c6 kich thudgc twong ty
nhur kich thudc bia nhom. Hinh 1 thé hién qua trinh
mé phong bang gdbeamline va két qua goc tan xa
nhiéu lan thu duoc thé hién trong Hinh 2.

Hinh 1: Hinh dnh mé phéng bing chwong trinh g4beamline
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Hinh 2: Phan bd géc tan xa nhiéu lan

'3 MO HINH HOA PHAN BO MAT PO
XAC SUAT CUA GOC TAN XA NHIEU LAN
Dé miéu td phan bo mat do x4c suat cia goc tan
Xa nhiéu lan, ham Gauss da duoc st dung. Hinh anh

2500

{ 1 e
0.3 02 -01 0 1 02 03 04

Soa . Q
Goc tan xa nhicu lan (rad)

05

ham phan bd khi 1am khop véi mot ham Gauss thé
hién trong Hinh 2.
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Hinh 3: Phan bd géc tan xa nhiéu lan véi dwong 1am khép mét Gauss mau dé

Trong Hinh 3, st dung mét ham Gauss dé miéu
ta phan bd goc tan xa chua day du. Sy khac biét gitra
ham 1am khép va phan bd gay ra boi dudi cia goc
tan xa nhiéu lan. Tan xa mot lan tuan theo phan bd
Gauss, tuy nhién, khi cac qua trinh tan xa Xy ra lién
tiép, cac ham phan bd s& bi cugn lai véi nhau, tir d6
dan dén dudi cta goc tan xa nhiéu lan cao hon trong
ham Gauss. Dé giai quyét bai toan dudi goc tan xa
nhiéu lan, trong cong trinh vé mo phong va tinh toan
cho goc tan xa nhiéu lan ( Frishwirth and Liendl,
2001), cac ham Gauss khac da dugc dua thém vao
dé miéu ta phan bd goc tan xa : (i) mot ham Gauss
v6i d6 léch chuan nho dé miéu ta phan 16i cua qua
trinh, nguyén nhan tir qua trinh tin xa mot lan va
(i) mot hodc nhiéu ham Gauss khac dé miéu ta phan
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dudi cua qua trinh, nguyén nhan do chdng chap cua
nhiéu lan tan xa.

Ham miéu ta voi hai ham Gauss c¢6 dang nhu
trong cong thic (2)

f(6)=w,xg(6,1,0,)+W,xg(6,4,0,) (2)
Trong cong thir (2), wi va wz la cac hé s6 chuan

hoa thoa dieu kién
wi+wy=1 (3)

g(q,mi,si)lé ham phan bd Gauss véi o 1a do

léch chuin va tri trung binh cua goc tan xa m= 0
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Hinh 5: Phan bd géc tan xa nhiéu lan khi dwee lam khép véi hai ham Gauss vé6i cac thanh phéan

Khi st dung cong thirc s6 (2) dé lam khép s6 lisu
clia goc tan xa nhiéu lan, ham phan bd ¢6 dang nhu
trong Hinh 4 va Hinh 5. So sanh cac két qua trong
Hinh 2 va Hinh 3, goc tan xa dugc miéu ta diy du
hon khi str dung hai ham Gauss so véi khi s dung
mot ham Gauss.

Tuy nhién, trong Hinh 4 va Hinh 5, van con phan
s6 liéu chua khop véi hai ham Gauss. V& mic toan
hoc, chung ta co thé mé rong cong thuc s (2) voi
nhiéu ham Gauss khac dé miéu ta tron ven phan b
cuia goc tan xa nhiéu lan.

Nom:
f(6)= D w,xg(6,0,0,)

i=1

(4)
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Trong coéng thuc (4), wi la trong s6 ung v6i ham
Gauss g(q, 0, Si) va Ngaus 12 s6 ham Gauss dugc su

dung.

Ap dung cong thirc (4), ham phan bd véi tong
hop ctia ba va bén ham Gauss dugc thé hién trong
hinh 6 va Hinh 7. Trong Hinh 6 va 7, ham lam khép
tuong ddi pht hop hon s6 véi khi sir dung chi mot
hay hai ham Gauss. Khi ting s6 lugng ham Gauss,
ham lam khép s& miéu ta tét thuc phan bd cua goc
tan xa nhiéu lan. Tuy nhién, viéc sir dung nhiéu ham
Gauss s& dan dén viéc ting thoi gian tinh toan cia
may tinh ciing nhu xuét hién cuc tri dia phuong.
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Hinh 6: Phan bd goc tian xa nhiéu 1an khi dwgc 1am khép véi ba ham Gauss

Tap 56, S6 chuyén dé: Khoa hoc tu nhién (2020)(1): 134-140

| I W

IEE i 'l
-04 -03 -02 -01

1
el
tn

0

il 11
0.1 0.2 0.3 0.4 0.5

Géc tan xa nhidu lan (rad)

Hinh 7: Phan b6 géc tan xa nhiéu lin khi dwge 1am khép véi bén ham Gauss

4 XAC DPINH SO HAM GAUS TRONG
HAM LAM KHOP
4.1 Giatriy?
Trong qué trinh lam khép sé liéu thuc nghiém,
hé s6 y2 duoc sir dung dé danh gia khac biét giira
thuc nghiém va gia tri dugc tinh toan tir ham lam

Khi 1am khép véi s lwong ham khac nhau, gia
tri 2 s& khac nhau. Bang (1) thé hién moi quan hé
gitra so lwong ham lam khép va gia tri 2.

Bing 1: Gia tri 2 #ng véi sé lwong ham Kkhac
nhau

S6 ham Gauss 2

khép. Gia tri x? duwoc xac dinh boi cong thirc: 1 10507)(5
X (x-x,,) 2 3530,1

7 =Z% ) 3 1703,1

= O 4 21954

Trong cong thuc tinh y? (5), o 1a do Iéch chuan
va N 1a so hat dén.

Chuong trinh 1am khép véi 86 luong lam khac
nhau duoc viét dya trén chuong trinh ROOT (CERN
group, 1994). Trong ROOT, gia tri y? dugc gia dinh
boi ham co sin:

x?= fitFunc->GetChisquare() (6)

Trong bai bao nay, tac gia st dung cong thirc (6)
trong ROOT de lay duoc gia tri cua y2.

138

Trong Bang 1, khi tang s6 lugng ham 1én thi gia
tri %% sé giam dan. Diéu nay c6 nghia 1a gia tri thu
dugc ham lam khép gan véi gia tri tir mo phong.
Viéc tang s6 lugng ham sé giam duoc gia tri cia y?
nhung khi s6 lugng ham dugc sir dung nhiéu, cuc
dai hoa dia phuong cua qua trinh 1am khop s& xuét
hién. Két qua cua viéc nay s& dén viéc hiéu sai vé
quy luat cia mot ham thong keé.
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Hinh 8: Miéu ta mdi quan hé giira gia tri chi binh phwong va sé ham dwoc 1am khép

Trong Hinh 8, gié tri 2s& giam dan khi ting s6
ham lam khép. Tuy nhién, khi sir dung ba, bén ham
dé 1am khép, khong c6 su khac biét 16n gitra cac gia
tri 2. Piéu nay c6 thé hinh dung khi ting s6 ham
lam khop, hién tuong cuc tiéu dia phuong s& xuat
hién.

4.2 Hé sb hoi tu Kullback-Leibler

Trong thuc té, viéc sir dung nhiéu ham Gauss véi
cac trong sb nhét dinh s& c6 thé miéu ta tdt dwgc ham
phan bd goc tan xa nhiéu lan. Tuy nhién, viéc st
dung nhiéu ham Gauss c6 thé din dén viéc bi cuc tri
hoa dia phuong lam cho quy luat cia quéa trinh
khong dugc twong minh. Hon nita, khi lam khop véi
nhiéu ham Gauss s& ton thoi gian cho qua trinh tinh
toan ma két qua c6 thé khong dugc cai thién hon.

Dé danh gia duoc sy trung khop gitra ham lam
khép vai thuc t€, hé s6 Kullback-Leibler (Frithwirth
and Liendl, 2001) duoc sir dung.

Hé s6 Kullback-Leibler dugc dinh nghia nhu
trong cong thirc (7):

D (1119)= T(x)tog ;Ex; x O

Trong cong thirc (7), f(x) la mot ham da biét 15
va g(x) 1a mot ham xap xi. Bang cach xé4c dinh gia
tri cuc tiéu cua hé sb Dke, ham g(x) c6 thé dugc xac
dinh.

Trong truong hop céac gid tri x 1a roi rac, cong
thire (7) c6 thé dugc xap xi gan dung nhu sau:

(fllg) Zf Iog{f?‘ ;j ®)

Bang 2 : S6 ligu h¢ so6 Dkw theo sé lwgng ham
dwgc sir dung trong lam khép

S6 ham Gauss Gia tri DxL
1 15345,9
2 6606,9
3 5590,2
4 5579,0

16000
140001

§12000-

210000}
'

80001

6000

1 2

3
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Hinh 9: Méi quan hé giira h¢ s6 DxL va s6 ham dwoc lam khép
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Hinh 9 thé hién méi quan hé gitra hé s6 KL va sb
ham dugc sir dung trong qua trinh lam khop. Tu
Hinh 9 va Bang 2 , khong c6 su Khac biét 16n khi
tinh gia tri KL. V& mit toan hoc, gia tri KL ~ 0 1a t6i
uu, khi d6, ham miéu ta phii hop Véi cac gia tri can
khao sat. Tuy nhién, rat khé dé dat duoc KL ~ 0 .
Dua vao Hinh 9, viing bdo hoa cua gia tri KL bat dau
tir s6 lwong ham 3. Khi 6, viéc ting thém sd lugng
ham s& khong anh huong 16n dén gia tri KL.

5 KET LUAN VA PANH GIA

Trong bai bao nay, nghién ciru V& viéc sir dung
mo hinh toan hoc dé miéu ta lai ham phan b mat do
x4c suat cua goc tan xa thong qua viéc két hop cua
nhiéu ham phan b Gauss khac nhau véi do léch
chuén va trong s6 tuong tmg da duoc tién hanh. Viéc
xac dinh dwoc s6 luong ham ciing nhu cac tham sd
lién quan dong vai tro quan trong trong qua trinh
track-fitting khi sir dung thuat toan Gaussian Sum
Filter.

Mo phong lai qua trinh tan xa bang cach sir dung
hat t6i electron c6 déng lugng 1a 1,0 GeV/c bén vao
bia nhom véi bé day Smm da dugc thuc hién bang
chuong trinh g4beamline. Qua qua trinh lam khap,
véi ba ham Gauss, ham phan bd mat d6 xéc suit co
thé duoc miéu ta twong déi day du.

Tuy nhién, trong thyc té, nang lugng cua hat téi
khong don nang, do do, viéc mé st dung ba ham
Gauss dé miéu ta ham phéan bd mat d6 xéac suét cua
goc tan xa s& khong hop 1y. Co thé ap dung hoac ma
rong thém nhiéu ham phan bd Gauss khac dé miéu
ta toan dién hon.

LOI CAM ON
Nghién ctru duogc tai trg béi Truong Pai hoc

Khoa hoc Ty nhién, PHQG-HCM trong khu6n khd
bé tai ma s6 T2019-06.
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