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THAM SO HOA PQ PHAN GIAI CUA MAY PO VA CHAM ATLAS
TRONG PHEP PO XUNG LUQNG NGANG CUA HAT BOSON Z
TAI MAY GIA TOC LHC
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Tém tit: Phép do xung lirong ngang ciia hat boson Z phén rd thanh cdp electron-positron trong va cham
proton-proton ( pTZ ) tai may gia téc LHC la mét trong nhitng phép do co ban cia vit Iy hat thue nghiém. Céc
phép do nay dwgc thice hién béi cac mdy do va cham ciia LHC nhw ATLAS, CMS. Két qua ciia cdc phép do ndy
thwong bi anh hiong boi do phan gidi ciia mdy do. Viéc hiéu ré anh hwong ciia mdy do lén phép do nay sé déng
vai tro quan trong trong viéc hiéu chinh cho nhitng phép do phirc tap hon. Trong nghién ciru nay chung toi tim

cdch tham sé héa do thi @6 phan gidi ciia mdy do ATLAS trong phép do pTZ . Ham s6 mé ta sw phu thudc ciia do
phan giai may do vao pTZ 6 thé dwoc sir dung cho cdc chwong trinh mé phong khdc nghién civu sdu hon vé anh

huwong cua may do ATLAS lén phép do pTZ .

Tir khéa: tham s6 héa, dé phan gidi, may do va cham ATLAS, pTZ

1. Pt van dé

Nhiém vu ctia cic may gia toc hat, trong d6 c6 may gia tbc LHC [1] 1 x4c nhan su ton
tai cua mot mo hinh vat 1y cho phép mo ta ding dén ban chét cua cac hat va cac luc co ban
trong ty nhién. Day la mdt trong nhirng muc dich quan trong cua vat ly hat hién dai nham tim
ra ngudn gdc hinh thanh vii tru. M6 hinh duoc biét dén tir 1au cho phép mo ta tuong dbi dung
ban chat vat 1y va méi quan hé twong tac gitta cac hat co ban va cac luc trong ty nhién 1a M6
hinh chuan. Viéc tién hanh cac phép do trong thuc nghiém va so sanh cac két qua thu dugc
v6i cac dy doan c6 thé rut ra tir mo hinh vat 1y 1a mot trong nhiing cach nghién ciru hidu qua
nham xéc dinh tinh ding dan cia mot mo hinh 1y thuyét. Cac phép do duoc thuc hién tai cac
may va cham nham tim hiéu cac dic tinh dong hoc cua céac hat dugc sinh ra. Mot vi du dién

hinh 1 phép do xung lugng ngang ctia hat boson Z phan ri thanh cip electron-positron p? .

Hat boson Z la mdt trong nhiing hat co ban cua M6 hinh Chuén, dong vai tro truyén
tuong tac yéu. Cac phép do cac dai lugng vat 1y cua hat boson Z dong vai tro quan trong viéc
danh gia va hiéu chinh anh huong cua d6 phan giai may do 1én cac phép do khac nhét 13 trong
giai doan méi van hanh may gia tbc LHC. Tir thoi diém van hanh may nam 2009 dén nay, cac
phép do thyuc hién trén hat boson Z van lién tuc dugc nghién ctru nham tién t6i do chinh xac
ngay mot cao hon [2, 3]. Do d6 tiép tuc nghién ctru trén ddi twong xung lugng ngang cua hat
boson Z 1a mot ndi dung ludn co gia tri thyuc tién cao. Trong cic va cham proton-proton ¢ mirc
gan ding thap nhat (muc gian d6 cay), hat boson Z duogc tao ra trong qua trinh Drell-Yan voi
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su huy c@p quark va phan quark va sau d6 phan ra thanh mét cap lepton, vi du cap electron-
positron. O gan ding nay, cac parton (quark, phan quark) duoc xem nhu va cham truc dién tai
tam ctia may do va cham va do d6 hat boson Z dugc tao ra véi xung luong ngang bang khong.
O cac gan dung bac cao hon hat boson Z duoc tao ra véi xung luong khac khong va can bang
v6i xung luong cia cac quark va gluon bé chinh vao gian do cay [4].

Trong cac phép do p? , gia tri do dwoc cia p? thuc chat dugc xay dung dua trén viéc do
cac xung luong ngang p; cua cac electron va positron ma thuc chat théng qua vi tri va ning
lugng cua cac hat nay thu thap duogc trong may do. Céc tin hi¢u cua may do co thé bi sai léch
nho tiy theo d6 chinh xac cia may do va do d6 gop phan tao ra sai s6 cho phép do P . Cubi
cling cAc sai s6 nay s& gop phan anh huéng dén két qua ciia phép do p* ma ngudi ta thuong
nodi 1a anh hudng do phan gidi cua may do. Thong thuong do phan giai ciia may do va cham
thuong dugc nghién ctru nhu 1a ham phu thude vao cac gia tri ctia p; , vi du xem tai liéu [5].
Viéc nghién ctru riéng r& sy phu thude ctia d§ phan gidi may do vao chinh dai lugng can do, vi
du nhu pTz it dugc khdo sat. Tai li¢u [4] cling da dé cap dén van dé nay tuy nhién cic nhan xét
vé dang diéu cta sy phu thudc ciing nhu kha ning tham s hoa dd thi phu thudc nay chua dugc
thao luan chi tiét. P 1 ndi dung ma bai bao nay sé tap trung phan tich sau hon.

2. N¢i dung
2.1. Pham vi va phwong phap nghién ciru

Véi muc dich 1a tham sb hoa do thi mé ta su phu thudc do phan giai cua may do va cham
ATLAS vao gié tri pTZ , bai béo s& khai thac céc sb liéu vé do phan giai cia may do da dugc
cung cép boi tai liéu [4]. Cu thé Hinh 1 trinh bay lai cac thong tin vé do phan giai may do trich
ra tir tai lidu [4], trong d6 cac diém hinh tam giac biéu dién do thi 46 phan giai may do theo gia
trj thue Xyun= Prpge - Giao dién phan tich sb lisu ROOT s& dugce st dung dé tham s hoa dir
lidu thu duogc thong qua cac doan ma don gian dya trén lap trinh C++. Thong tin chi tiét vé giao
dién phan tich s6 liéu ROOT c¢6 thé dugc tim thdy tai cac ngudn tham khéo [6, 7].
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Hinh 1. Sy phu thudc gia tri trung binh (trii), bé rong (phai) ciia do phin gii ciia may
do va cham ATLAS vao xung lwgng ngang ciia hat boson Z [4]
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2.2. P$ phan gidi ciia mdy do va cham ATLAS trong phép do p?

ATLAS 1a mot trong hai may do va cham 16n nhét ctia hé théng may gia toc LHC [1]
dugc quan 1y boi TO chic nghién ciru hat nhan Chau Au CERN thudc khu vuc giap ranh giita
Thuy S¥ va Phap, gan thanh phd Geneva ciia Thuy S§. May gia toc LHC dugc lap dat ¢ do
sau tir 50 dén 175 m trong duong ham ¢6 chu vi 27 km, duge thiét ké dé thuc hién cac cudc
va cham gitta cdc chum proton vdi nang lugng 16n co TeV®™. Thi nghiém ATLAS gbm rat
nhiéu bo phan dugc dung dé thu thap tin hi¢u cta rAt nhiéu loai hat khac nhau duge tao ra bi
cac va cham nay. May do va cham ATLAS c6 dang mot khéi hinh try ndm ngang ning 7000
tan, dai 42 m, duong kinh 25 m. May duoc lap dit sao cho truc gia toc cia hai chum proton
gan nhu tring véi truc ctia khdi hinh tru va va cham truc dién giita cac chum proton-proton
x4y ra tai tdm cliia may. Céu tao chinh cua may gém cac bd phan dé thu thap vi tri di chuyén
va ning lugng cua cac hat electron, photon, proton, neutron, muon,... Nhu vira dé cip xung
lugng ngang cua hat boson Z phan ra thanh cap electron-positron s€ dugc xay dung tir xung
lwong clia electron va positron dua trén cac s6 liéu nay. Thong tin chi tiét vé may do ATLAS
6 thé dugc tim thiy trong [4] va cac tai liéu tham khao cta [4]. Dua vao s liéu Hinh 1 va st
dung chuong trinh g3data [8], gia tri trung binh va bé rong cua do phan giai ctia may do
ATLAS trong phép do p? duoc khoi phuc nhu Hinh 2. Céch cai dat va sir dung g3data co thé
dugc tim thiy tai trang thong tin [8]. C6 thé nhan thiy cac db thi nay thé hién nhimng quy luat
phu thude nhét dinh va c6 thé duge tham sb hoa sir dung cac ham toan hoc phé bién.
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Hinh 2. Sy phu thudc gia tri trung binh (trai), bé rong (phai) ctia d9 phan giai ciia may
do va cham ATLAS vao xung lwgng ngang ciia hat boson Z dwoc khoi phuc tir hinh 1

2.3. Tham so6 héa dé thi dp phén gidi ciia mdy do va cham ATLAS

Vi tinh chét linh dong, ham Gauss s€ dugc su dung trong viéc tham s6 hoa db thi do
phan giai cia may do va cham ATLAS. Mdi ham Gauss c6 dang nhu sau:

~(x=b)
f(x)=ae 2c*
trong d6 f (x) 1a ham phu thudc vao bién x va a,b,c 1a cac tham sé. Vi du dang ciia

ham Gauss voi a=0,30; b=42,89; c=11,79 dugc biéu dién trong Hinh 3.

*)Cac dai luong trong bai béo nay st dung hé don vi h=c=1
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Hinh 3. Vi du dang ham Gauss

2.3.1. Gia tri trung binh cua do phdn giai may do

Ung dung khép ham sé liéu trong ROOT dugce st dung cho cac ham phan bd su kién
hay néi cach khac 1a s6 sy kién c6 dugc trong mdi khoang gié tri cta dai luong duoc khao sat.
Do d6 cac ham phan bd nay ludn c6 gia tri khong am. Dé c6 thé sir dung duoc tng dung nay
trong truong hop gia tri trung binh cua do phan giai, cac gia tri nay dugc nang 1én mdt don vi
dé thoa man diéu kién khong am va sau d6 mdi dugce khdp ham s6 liéu dya trén dang diéu cua
ham Gauss. Ting khoang gia tri ciia d6 thi s& duoc khdp voi mot ham Gauss va tong cta ba
ham Gauss thoéa man tham s6 hoa mét cach day du d6 thi nay. Ham Gauss thir nhat dugc st
dung dé khop trong khoang tir 0 dén 10 GeV, ham tht hai cho khoang tir 30 dén 60 GeV, ham
thr ba cho khoang tir 100 dén 350 GeV. Két qua nay duoc hién thi trong Hinh 4, trong dé cac

duodng lién nét hién thi cac ham Gauss noi trén.
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Hinh 4. Két qua khép ham s6 li¢u cho ba khoang gia tri
cia do thi gia tri trung binh cia d¢ phan giai
Tong ciia ba ham nay cho két qua khop ham sb liéu gid tri trung binh cua d6 phan giai
ciia may do nhu trong Hinh 5. Két qua thu dugc cho thidy ham toan hoc duoc sir dung biéu
dién tét quy luat phy thudc ciia gia tri trung binh ciia 6 phan giai may do ATLAS vio p? .

Ham do co6 dang:

89,108 e—0,5[(x+88,143)/31,262]2 +0,298 e—0,5[(x—42,888)/11,791]2 +0,4972 e—0,5|:(x—113,684)/99,918]2 1
véi x=ps.
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Hinh 5. Két qua khép ham sb li¢u cho dd thi gia tri trung binh
cua do phan gidi may do ATLAS sir dung tong ctiia ba ham Gauss

2.3.2. Bé réng ciia dg phdn gidi may do
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Hinh 6. Két qua khop ham s6 li¢u cho hai khoéng gia tri ciia do thi bé rong do phan giai
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Hinh 7. Két qua khép ham s6 li¢u cho dd thi bé rong ctia dd phan giai may do ATLAS
str dung tong cua hai ham Gauss
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Tuong ty nhu trudng hop trén, d6 thi bé rong cia d phan giai may do duoc khép voi
hai ham Gauss trong cac khoang gia tri tir 9 dén 36 GeV va tir 80 dén 350 GeV. Két qua nay
duoc thé hién trén Hinh 6. Tong cia hai ham Gauss dung dé tham sé hoa d6 thi ndy c6 dang:
0,973¢ 020 | g ogge OO 2OEMINOT iy = p? | dugc biéu dién trong Hinh 7,

thé hién su phu hop véi dang diéu cua d6 thi duoc nghién ctru.

3. Két ludn

Bai bao da thuc hién nghién ctru dang diéu va tham sé hoa cac do thi biéu dién sy phu
thudc cuia do phan giai may do va cham ATLAS vao xung lugng ngang cta hat boson Z phan
ra thanh cdp electron-positron trong cac va cham proton-proton & LHC véi nang luong khoi
tam 7 TeV (p?). S6 liéu cia cac d6 thi nay dugc khoi phuc tir tai liéu [4]. Két qua cho
thidy ham Gauss pht hop dé thuc hién viéc tham sb hoa cac do thi nay. Su phu thudc cia gia

tri trung binh d9 phan giai vao p? dugc biéu dién bang tong cua ba ham Gauss:

89,108 e—0,5[(x+88,143)/31,262:|2 4 O,298e—0,5[(x—42,888)/11,791]2 +0,4972 e—o,s[(x—113,684)/99,918]2 1 con déi véi

. o (xe 2 o (xe 2
bé rong ctia do phan giai 1a hai him Gauss: 0,973 *L0-25092]" 4y e 0oL 2EemN LT

Noi dung nghién ctru con mdt han ché nhé do viée khoi phuc sé lidu tir tai lidu [4] chi ¢6 kha
ning cung cap gia tri cta cac diém va khong c6 sai s6 kém theo. Diéu nay ciing ¢6 anh huang
nho dén két qua khop ham sb lidu. Tuy nhién muc dich cta bai bao 1a tim ra dang diéu cua cac
d6 thi dugc dwa vao nghién ciru nén két qua nghién ctru hoan toan dap tmg duwoc muc dich
nay. Mot diém can dé cap dén ¢ day la gia tri do phan giai néi trén c6 duoc ¢ thoi diém may
do ATLAS méi hoat dong vao nam 2010 - 2011 nén cac gia tri nay c6 phan 16n hon d6 phan
giai ma may do dat duoc hién nay. Cac gia tri cap nhat vé d6 phan giai cia may do ATLAS ¢6
thé duogc tim thiy tai tai lidu [5] va cac tai liéu khac trong d6. Két qua nghién ctru nay c6 thé
dugc dung dé phuc vu cho cic nghién ciru khac lién quan dén do phan giai cia may do
ATLAS trong phép do p?, vi du nhu: md phéng ma tran do phan giai, khdo sat khoang chia

bin cho phép do p? .
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PARAMETERIZING THE RESOLUTION DISTRIBUTION
OF THE ATLAS DETECTOR AS FUNCTIONS OF p?
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Abstract: Measurements of the transverse momentum distribution of Z bosons decaying into electron-
positron pairs in proton-proton collisions at the LHC (pTZ) is one of fundamental measurements of

experimental particle physics. These measurements have been presented by the detectors of the LHC as the
ATLAS and CMS. The effect of the detector resolution is always taken into account in these measurements.
Understanding this impact plays an important role in the adjustment to more complex measurements. In this

study we parameterize the resolution distribution of the ATLAS detector as functions of pTZ . The obtained
functions can be used for other simulation programs and studies relating to the impact of the ATLAS detector

resolution on the pTz measurements.

Keywords: parameterization, resolution, the ATLAS detector, pTZ.
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