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Physicists nab the elusive glueball
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Before you read izzi@=

Why may seeing a familiar-looking signal be insufficient to identify a particle?
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Text iz

ro1] A NEW SUBATOMIC particle has made the leap from theory to reality.'?'°2V%3V%4 So say the
scientists of the Beijing Spectrometer III (BESIII), a Chinese physics experiment.“’’ Speaking
on their behalf at the International Conference on High Energy Physics ICHEP) on August
5th, Jin Shan, of Nanjing University, announced that the team have discovered a glueball—a
hitherto hypothetical particle that is unlike any which physicists have seen before."?>'%¢V%’

REKIFRNZRE | PRI A5 S BV S B 2R

ro2] The nuclei of atoms are held together by a phenomenon called the strong nuclear
force."”® What better name, then, for the particle responsible for carrying this force than the
“gluon”?'??*%? Gluons interact with quarks, another type of fundamental particle, wrangling
them into pairs and triplets to create protons, neutrons and other such “composite” parti-
cles.”’°V""V12 But gluons also interact with other gluons, raising the possibility of gluons gluing
themselves together into a different kind of composite particle: the glueball.

rro3] Physicists’ theories predict glueballs. Finding one is another matter, since those theories
also suggest glueballs will be difficult to distinguish from the torrents of more mundane quark-
based particles produced in machines like the Beijing Electron-Positron Collider II, to which
BESIII is attached."'?"'*V1>K% Almost half a century of searching has left researchers empty-
handed.""®

ro4] No more, say the operators of BESIII. In 2011 a new particle, called X(2370), showed up in
their detectors.""’ It looked a lot like a glueball, but other interpretations were possible. So the
team got to work on ruling them out."” They have spent the intervening years analysing over
10bn processes in which X(2370) could play a role.”'?*° The result—published online in July
and presented at ICHEP by Dr Jin—is a complete picture of the new particle’s properties.’*
The team is now convinced it is a glueball. “No other interpretation can explain all these
properties simultaneously,” says Dr Jin."”’

rros] Detecting the glueball—if it has, indeed, been found—is not just a matter of physicists
adding a new specimen to their by now extensive collection."** Its discovery will provide valu-
able data to test the theory behind the strong force. That theory, good as it is, contains many
mysteries.“> One is how the strong force generates mass—for gluons have no mass, but glue-
balls do.“”® On the answering of such questions, the glueball’s discovery could tip the scales."*
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New words and expressions 4iaf5gi5

BEXHIIAFHD ; « R EEHIIRIA,

vo1-Po1 nab

/neaeb/v. (EIEX) HUE ; IR
EAMENNAERKEIHNFRIRE ; ARERR
EES YN

vo2-pPo1 elusive*

ftlu:stv/ adj. YELAIRBISIHEIERY

AT elusive W E=ZEERNKIIZ=FmIE. REHRE
M FEERER R,

vo3-Po1 subatomic

/saba'tomik/ adj. T RFHI

sub- RRERE—BRZT ; HeRE/NFREFINF,

vo4-pPo1 make the leap”

/meik 83 li:p/ phr. SEIRFEHE

from theory to reality MK HR S BKIK. EEH

So say X Z R HIBA,
The project has made the leap from a sketch to a
working device.
EAMEENEER R IR TERE.

vo5-Po1 on behalf of*

jon brha:f av/ phr. &

on their behalf FERRIMXPERELS , T~ A T
AR &,

voe-pPo1 hitherto

/hida'tu:/ adv. (1IEZV ) 125 Hlk ; ELbZA]

{&1f hypothetical , If[B| 2B R 21X XE MR &M Z 7,
vo7-po1  hypothetical*

/harpa'Oetikal/ adj. {FRi&AEY ; {FRIEAEY
RAECREMEGFEEIA, FETHERNESRE
.

vog-P02 nucleus

/njuKklias/ n. [RF#%

FEXE 8% nuclei, AEEFER , EARHEIZZ—
ER X,

vo9-pP0o2 gluon

['gluron/ n. BRF

B5 glue WHME"BREE | SRAXRBREEEER
MEE , AEAERK,

vi0-P02 quark

/kwa:k/n. £

XS —fHEAERN T, them B35 quarks , T AZIE
gluons RYALEEFIEESH FRIE—LES,

vi1-P02 wrangle

[raengal/ v. &I B IEH

wrangling them into ... FB#EH], HEiRMMIESRFH
8 THEFLEX—EN X,

vi2-P02 composite

/kompazit/ adj. EEH ; AZS/NER5 ALY

5 fundamental 388, XEBICHM , ARICFEM
SE&MHL

vi3-po3 distinguish A from B*

[dr'stmgwif/ v. phr. {EASBX 3

difficult to distinguish from ... 2iRFIMS ; RRIRE
BRENEMSH T,

vi4-pP03 torrent

[torant/ n. KE;FMINEY

torrents of particles Fi#tiRELISLIE = I RENF |
SR HHIA BRI,

vi5-P03 mundane

/man'dein/ adj. EiEH ; ERH

BN TFHENREKMESEIE  ARAIXENFSEW
RMNE,

vi6-P03 empty-handed”

/empti 'heendid/ adj./adv. EFH) ; —FFTFkHE

leave researchers empty-handed 21 R % K BEHK
BB, MAREEMTERAFR,

v17-Po4 show up”
/fau ap/ phr. v. HIR
FERMBPHINESERIMEY ; show off A ZIEHE,

vig-pos4 rule out*
/ru:l avt/ phr. v. HEF&
them FEE MR, BRERIEPHBRERERILEREXK
BEEH—F,
The tests ruled out a fault in the cable.

MK HERR T BB 4TEIPE,

v19-P04 intervening

/mta'vimniy/ adj. Ea)#y

the intervening years @M 2011F & R EE 2 Haiik
HZIEES,

V20-P04 property

['propati/ n. 1R ; $51E

YRR EIE RN R BEM =B X, all these properties
EARAEESHEE,
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v21-P04 simultaneously v23-pPo5 tip the scales”

/stmal'terniasli/ adv. [ERtit [tip 80 skeilz/ phr. XTAIENfLL ; FEREMMF
KPTERES—HEE2MR , MERBEEPE - EWENCIEMNER ; XIERNFIAM mass, could {RE
pURIR BIREME , REMBEZBTIHE.,

A second successful trial could tip the scales in
favour of the new method.
SRR IR T BelE F B R F 75 %

v22-PO5 specimen
/spesiman/ n. ¥ias ; A
AR FELET TR |, FERIRBBNER LTI,

Notes on the text g+

1 SEALEER Sosay : FAEFRSRETE [PO1]
F-AHESHIEICTMINE , £ -a32% A So say IEHIMFIFAHFTHEIBA, 1EENIERH QS ERIE
i IRBMENARLE L , FRIFEERILERFUHNERMHRIL

Speaking on their behalf #£&% S ASREREER ; IS EMEMIEBEFERAIFRIS X, hitherto
hypothetical 5 has made the leap #HE M , BIFIAIRIKSHICRE, 778 nab 5 elusive NJiBiX—
RS A K HAIE T IR RYHE3K,

2 glue, gluon, glueball : &SR EELS T [PO2]
ERSHERN  BHERETERNRT  BEEIRFSE5ER. RFSRFEMEEER. &E
—MXAASIHERK, IMBRORHERH , ReEBNTPEIXR , BERIERIKER TR FZ,

gluing themselves together LR HHRER. EILHRIEFABTHER , AR HEAN FRER
THMEM AL, raising the possibility SHIE®E EMETEEN , SLRRBIRFIAEESEHEREZ,
BEXEABE SR FIEMEMHE—GF, CERN CourierNMEAMEAEZRAUE , RFMNFFETS
EMBEENET , ZENTFNRERSRERNAES, FEEIE pairs and triplets iR ‘BN EBES R
HEELER T,

ERXDETRZESZFZENRER : BERLRESINABZFRIBSRZEMNRE , MREFZAR
F. PFZENES. BEREIHEE—EEM ; RFRHFARETERRFEREMMAIK,

3 ATA2011FBIE , EESNBEF? [PO3 / P04]
Finding one is another matter IEI2 LTS FMLRIRFI D FH. KEHMKW FRFERUX TR ,

FRUASMRABIL REA T IREE |, MAEEMES . FIUELRRY but other interpretations were possible IE
ERRUENRE,

WIENRF R AMX(2370), FINSRBERE. KBS LEMRKR. HRHBRE, 53D all 5 simultane-
ously HEIRETE : EXABBEEREBRBENINUER , BLEBRER—NREANE. 10bn IESH
BT TEHE | RRELU T 100{ZFH T,

SEEVIEMRAT2026 E8AMIERNBEAKRIKM S S XS HRIA, XLLIBEE FARFRIIEERIK
EXHEEMXQ370)EIERENZARERFEREN ; RIENENBEMITE X 5XRMEEN FRIE

AlLEL,

4 if 5 could : KMz /5% iE#FE &Y o] [PO5]
if it has, indeed, been found #HZEA R , REBEEWN R UWMIISEFEGEIK., FEENER wil
provide , BMEXN E N PIERE , FERMBHIZMELRERESE,

not just a matter of £ X MBI — MRA HEHE 403058 IR, good as it is FKIAIBLEBM
%, ARREBRE A, 5 could tip the scales it R I AT EHINRE , FEBIRKRKELZERET2
BREXKIR,


https://cern-courier.web.cern.ch/a/exotic-hadrons-bend-the-rules/
https://www.fnal.gov/pub/science/inquiring/questions/strong_force.html
https://english.ihep.cas.cn/nw/han/y26/202608/t20260804_1186878.html
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Special difficulties Syt

1 F—A4it, EAEARFERMFA? [P04 / POS5]
P4/ It looked ... 5 it is a glueball $5{&1E¥IFX(2370) ; P58Y if it has ... $¥§BIX , M That theory,
good as it is FH it $538 NIR1L, RRIABIEBXSENNRHIN , REEiB2X it EEF TR,

The method is simple, but it needs testing. The sample is small, yet it is useful.

HEER  BFEEMNL, #FARN, AEAE,

2 No other... all ... : BEHSEE [P04]
No other interpretation can explain all these properties simultaneously 2 & & “H fth #2 %% g& [ it
BRR2EMR, IAFTHMMERETA—TEREEREA T, all E#WiRi1EA any , FESIERIHE
FRSEES K,

No single route reaches all three villages.

BE—FRBEEIASH =M,

Background #&5s

1 RUFHNROERERSEIEL [PO3 / PO5]
XEERKBEANCRZE : ERBEE , MRENHRESEICRIZR, BIEWES—IMNKR ,
REKREMNZEUEMEEFHES ; WRNEIRW , MeifNEZ BRI,

B AR R IERRIRRIERE - NRB N EREBERAHINT —MES” , EELE(EERNERES
BOEfhtE R, XFIEEER BRI LI R RIZE R 2 IE , ERARE S XM RE B — RRE R AL
i3,

TREEXBERTHERE  HAIARTLEEE, ZEEESNBARTFREMNBIFNIENSEEBE
EREEEMEEN  EERALNREARRIBEAMMNFIERRENRM, EEIAX , EBMINEBERASR
MR, MARMKER T F=EMR,

Key structures xgqi

ko1-Po1 So + #EFNIE + EiE
So say the scientists of the Beijing Spectrometer III (BESIII), a Chinese physics experiment.
PEYIELIL RIS ( BESHI) MAZERITMLERT.
So fERI—RIMEMRE | say RAHMASE |, EARERIR, EFRIARZ The scientists ... say so,
ES Sodo I (Fti—#) EMARE : XEBW say ABREXNNE , AR AIRREHFIRSTANERIBENEN
i, BERAMERITNLLRT.

The repair will take two days. So says the engineer.

EIEFERX , Ti)ttRT,



https://www.energy.gov/science/np/articles/scientists-locate-missing-mass-inside-proton
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ko2-Po2 What better ... than ... : RiG)FRiAMt]
What better name, then, for the particle responsible for carrying this force than the “gluon”?
B, WFARGEIMNKF , EEHLABFLRFEMLIE ?
[RAEE T A LA%M AT could there be : What better name could there be ... than ..? LEIERWRER
F gluon , for ... RRBBNR,
responsible for carrying {€1fi particle ; for [FHaR1d, RESHERBIFRFIEE  FTEELEESH
Bh%E.

What better place for a quiet walk than this garden?

BELHNS  TEMTAS X EEEETE ?

ko3-po3 since 5 to which : KAPFHEREREFIEE XA
Finding one is another matter, since those theories also suggest glueballs will be difficult to dis-
tinguish from the torrents of more mundane quark-based particles produced in machines like the
Beijing Electron-Positron Collider II, to which BESIII is attached.
KE—MIRB—REE , BRXLIBICERE , KIKEESIEREABFHENISENB=ENKEE
ENHNESREMTX DR ; BESHIFLREXEWEN L,
F B 5 ¥ Finding one is another matter, since 5|&[REA , ASR theories suggest FHIEIEMN A
1 BARREKIELAX 43, produced in machines ... {&fi quark-based particles,
to which BESIII is attached A% 7EX RN A , which 3EILRIEF B FITENIL, attach Ato B A to f
RARERIE , ]8R to that,
Finding the fault is difficult, since it resembles errors produced by the older system, to which
the new device is connected.
HEXANEERE , BAERIBRAS~ENHEIR , MRS EEEIRRA L,

Ko4-Po4 spend time doing 5 in which
They have spent the intervening years analysing over 10bn processes in which X(2370) could play
arole.
FEUERXEER | {15947 7 E8i2100121X(2370) e ] fES S H AT TE,
have spent the intervening years analysing } spend + B8] + z1 &1 ; A2 spend ... to analyse,
METHRIESFTESSNERER,
in which X(2370) could play a role {&1ff processes, which $g§id72 , could REJEES 5 , REEFME
FEE—MIREPEIALIL,

They have spent several weeks examining cases in which the rule might apply.

A1 T B R 50X S H N = Beid& AR AV SR 151,

Ko5-Po5 FEiF + as + £iE + &hid : iELEIR
That theory, good as it is, contains many mysteries.
XEBICRYF , AMNERFZi#E.,
good as it is #§ % F although it is good, good FIEZR/R1LY , EA] contains many mysteries 74 &
FEEEENER.
XER as ARIREERERERE” , AR as good as WEHKLLR, EHRIAMR , DHIELHEE,
B IER,
Useful as the map is, it does not show every path.

XKERER , ALBEREE—FE



Current Affairs Close Reading The Economist

ko6-pos for 5|HERE ; do NEFIEAYIEIE
One is how the strong force generates mass—for gluons have no mass, but glueballs do.
HA—MEF 2@ NN =ERE—REARFEERE , RIXKHE,
One # many mysteries 19— ; how ... generates mass RXRIERZE , for 5|H I+ AXE i
=,
but glueballs do # do X & have mass, E5FIHEHA have no mass #ITEL , NEEIE do B IHiF
PR “f47,
One puzzle is why the two rooms feel different, for the smaller room has no windows, but the
larger one does.
—MEERMEBEAMBRERE , BA/NEEREEF , KBERHE,

Exercises #355¢F

Listening Ir/] (i£#)
SR ITRE |, IEREEEREMERIRFETIENIE,
02 When did X(2370) appear, and what did the team then work to rule out?

Comprehension 2f#

EIETMX IR, SLIRFNIEE FIRR,

03 What makes a glueball different from the quark-based particles described?
04 Why was recognising X(2370) as a glueball difficult?

05 What does simultaneously add to Dr Jin’s claim?

06 Find two expressions showing that the author has not presented every question as settled.

Words in use id;C
RidEMEREA , I,
18FE : on behalf of / rule out / empty-handed / elusive

07 Iam speaking ____ the whole team.

08 The inspection helped us ____ a broken pipe.
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09

10

We searched for the missing key but came back ___.

Despite years of work, a complete explanation remained .

Key structures %!
ERREZEXR,

11

12

13

14

15

16

17

Rewrite with although: “Useful as the device is, it cannot do everything.”

Correct: “They spent two years to analyse the results.”

Join with to which: “The sensor is attached to a machine. The machine is expensive.”

Explain do: “These particles have mass, but those do not.”

Does “No theory explains all the results” mean that no theory explains even one result?

Rewrite in ordinary order: “The bridge will reopen tomorrow. So says the manager.”

What is the function of “What better place for a rest than this park?”

Summary writing &
FA60-801aiFRIRIEHE. JIETIZMAIEER X,

18

Write a 60-80-word summary.

Composition {E3 (£ )
EMH - FI90-110185 — M B1R SEFEAITE |, AR RN E MR,

19

Describe how you would investigate a faulty device in 90-110 words.
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Reference translation £#ixyx

P01 —MEIMYILRFHFSKIM 7 MR R ISR IS, PEVIELIEICFENI ( BESIT) HRIZER
Nt R~T. 8A5H , ERAFH]in ShanK R EEFFSEEMIERIN (ICHEP) £E&F , EfMEIRA
BRI T BRBR———FUERTX BRI, NETYIEZERCAE RSB ERIR BRI F,

P02 [RFHZEA—MMAEZAOMNERERE—E. B4, WTFAZEEIMONKTF , £8H LR
FERFEMIE ? RFERZ—XEFNTF—Sm—HREFR , BENRESHIHMA=1, F
BRBF. PFUREMIELEE T, ERFUSEMRFEEER, ALHER—MA]EE : RFHE
BEME—E  ERA—MESHT—RIK

P03 YEZFHRMEBEMSKHNTFE, HE-—THRA—EF  AHXEFERERE , RKRESIE
RIEMBEFIENISHETENAEEENNSRENFX 5K ;| BESHIFMEZREX S IEN L,
B MELH I IR EIRLE — PR,

P04 BESHIFE{TABNIR , XFMBELER T, 20115 , —FF RX(2370) 895 4 7 H BLZE A 1895
BZH, EEERREGRIK , BEhFEEMATENMER, Bt , FIAEFHRBPLER, FLEXLE
F8, 50 THEIT100Z2MX2370) IS S EHRMEIE, FMEMRTTATEL AR , AH]infEL
FICHEP ENR , REBA T XM FIIMR. FEREER — MR, JinfE1if | 8B H M
fER ez E LR A R,

P05 HNEIRM—UNRBLELKI ENE—HNRRYEZRFTUSERI RN R L
—fHHRAR, XI—RMFRREENERMEBEREEHLE., IEERR , AMNEITS#E. H
P—PMRARBAONMATERE—REANRFEERE , REKEHE, ELRZXZEASE , RKLR
A BEHEB R AR,
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Reference answers £EZ&x5@h

AREAREKRESEEREF N ; ANEEEMER , BIERRIA,

Before you read iZgiEE

01 iXpIEE

Different particles or processes may produce similar signals, so researchers need further evi-

dence to distinguish the possibilities.
EREEBNBRE  MAREABMEEMNE RIS,

Listening Iff /3

02

In 2011; other interpretations of the particle.
HIRBIZ AR | TEBPRENEE,

Comprehension 2f#

03

It is a composite particle formed from gluons interacting with one another.
AEERKEZUFERFHREF %,

04
It resembled a glueball, but other interpretations were possible and had to be examined.

BIZEE SHINSH2F MR,

05
The interpretation must explain all the observed properties together, not merely separate fea-
tures.

ARURRE —MEFHINE,

06
“if it has, indeed, been found” and “could tip the scales”.

FIELRMAEBINEY |, EELRETABIREB oTREM,
Words in use id;C

07
on behalf of
of FHETARIIATEHA,

08
rule out
AIEZRA

* to rule out

help somebody do 5 help somebody to do t97] ; iX BRRHR— e REREA,

10
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09

empty-handed
X BB R — Pk,
10

elusive
LR SRURERE | NN EFRMARERE,

Key structures %!

11

Although the device is useful, it cannot do everything.
L X% ; IN8EA because,

12

They spent two years analysing the results.
spend time doing ; &XHE analysing,

13

The machine to which the sensor is attached is expensive.
$51718 % machine , 7ME3K A attach to,

14

do not means do not have mass.
those fX& 5 —4HHF ; do &¥E have mass,

15

No. A theory may explain some results without explaining all of them.
all BISEEIAREEH KA any,

16

The manager says that the bridge will reopen tomorrow.
So ElfERI—AIEZE  XRIREITE , FR“FEBIEHAN,

17
It is a rhetorical question emphasising that the park is an excellent place for a rest.

REIREMEL] , FREZRIIHEFHHR,

Summary writing &

18

Scientists at BESIII say they have identified a glueball, a particle made of gluons. X(2370)
appeared in their detectors in 2011, but alternative explanations remained possible. After
analysing billions of processes, the team argues that only a glueball interpretation explains all
its properties together. If confirmed, the discovery could help test the theory of the strong force,
including questions about how mass arises.

{REE say. argues 5 if confirmed FIABS5REE, TEEMEIRERESERR,

11
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Composition fEX

19

If a classroom projector stopped working, I would first list several possible causes: the cable, the
power supply and the projector itself. I would then test one explanation at a time. Connecting a
different cable might rule out a cable fault, but a single failed attempt would not identify the exact
problem. I would record which changes restored the image and repeat the successful test. Useful
as an early clue might be, I would avoid declaring the projector broken before checking simpler
explanations. The final account should explain how the evidence supports the conclusion.
NERELAMER. XODESEEKRE. flFNeTLSRIEMWINERER  FENSRFETHEIRE
FRNEIRLE,

12
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