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World’s Largest Collider — LHC (27 km)
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25 Nobel Prizes in Physics that had direct contribution from accelerators
(courtesy: A. Chao)

Year | Name Accelerator-Science Contribution to Nobel Prize- 1980 | James W. Cronin and Cronin and Fitch concluded in 1964 that CP (charge-
Winning Research Val L. Fitch parity) symmetry is violated in the decay of neutral

1939 | Ernest O. Lawrence Lawrence invented the cyclotron at the University of K mesons based upon their experiments using the

[ Californian at Berkeley in 1929 [12]. Brookhaven Alternating Gradient Synchrotron [28].

1951 | John D. Cockeroft and Cockeroft and Walton invented their eponymous 1981 | Kai M. Siegbahn Siegbahn invented a weak-focusing principle for

Ernest T.S. Walton linear positive-ion accelerator at the Cavendish betatrons in 1944 with which he made significant
Laboratory in Cambridge, England, in 1932 [13]. improvements in high-resolution electron

1952 | Felix Bloch Bloch used a cyclotron at the Crocker Radiation spectroscopy [29].

Laboratory at the University of California at 1983 | William A. Fowler Fowler collaborated on and analyzed accelerator-
Berkeley in his discovery of the magnetic moment of based experiments in 1958 [30], which he used to
the neutron in 1940 [ 14]. support his hypothesis on stellar-fusion processes in

1957 Tguug-Dao Lee and Chen Lee and Yang analyz_ed data on K mesons (6 and 1) 1957 [31].

Ning Yang from Bevatron experiments at the Lawrence 1984 | Carlo Rubbia and Rubbia led a team of physicists who observed the
Radiation ‘Laboratory n 1955 [15], which supported Simon van der Meer intermediate vector bosons W and Z in 1983 using
the;:f:le[a mn :_956 FIZI]P?‘“[Y is not conserved in CERN’s proton-antiproton collider [32], and van der
weak interactions . sar dsveleng R — : sade

1959 | Emilio G. Segré and Segre and Chamberlain discovered the antiproton in i\g: :11;:1:: i;ﬂ:g;?::sh[gtz ]I .he O R

Owen Chamberlain iiiz;i;‘f{ t[l'{e7:]|3 evatron at the Lawrence Radiation 1986 | Ernst Ruska Ruska built the first electron microscope in 1933

1960 | Donald A. Glaser Glaser te§ted his ﬁr'st ex‘pcrimental six-inch bubble });;eed;g;l:igéz?i%l:le&i‘iptmal s
;lli?:tgrtfoll{ﬁ:fe::lg;?ﬁ;gfﬁ% ]p rotons produced 1988 | Leon M. Lederman. Lederman, Schwartz, and Steinberger discovered the

1961 | Robert Hofstadter H{)fstadter carried out lelectrou—scatiering e i S.Chwartz' e i FAR2 upiti Iirin i
experuments on carbon-12 and oxygen-16 i 1959 L S TEinbe e Alte{na.tmg G Radlicit Synchrotr(zu [‘.;5].' -
using the SLAC linac and therchy made discoverics 1989 | Wolfgang Paul Paul’s |dea‘m the early l950§ of building ion traps
on the structure of nucleons [19]. - grew out of accelerator phySICS,[‘;G]' - -

1963 | Maria Goeppert Mayer Goeppert Mayer analyzed experiments using neutron 1990 | Jerome L. Friedman, Friedman, Kel}dall, apd Taylo_r s experiments in
beams produced by the University of Chicago Hgnry W. Kendall. and 1974 on deep inelastic scattering of electrons.on
eyelotron in 1947 to measure the nuclear binding Richard E. Taylor protons and bound neutrons used the SLAC linac
energies of krypton and xenon [20], which led to her 37]. . S -
discoveries on high magic numbers in 1948 [21]. 1992 | Georges Charpak Charpak’svdcvelopment of mulnm.re proportional

1967 | Hans A. Bethe Bethe analyzed nuclear reactions involving chambers in 1970 Were made possible by
accelerated protons and other nuclei whereby he accelerator-based testing at CERN [38].
discovered in 1939 how energy is produced in stars 1995 | Martin L. Perl Perl discovered the tau lepton in 1975 using
[22]. Stanford’s SPEAR collider [39].

1968 | Luis W. Alvarez Alvarez discovered a large number of resonance 2004 | David J. Gross. Frank Gross, Wilczek, and Politzer discovered asymptotic
states using his fifteen-inch hydrogen bubble Wilczek. and freedom in the theory of strong interactions in 1973
chamber and high-energy proton beams from the H. David Politzer based upon results from the SLAC linac on electron-
Bevatron at the Lawrence Radiation Laboratory [23]. proton scattering [40].

1976 | Burton Richter and Richter discovered the /'Y particle in 1974 using the 2008 | Makoto Kobayashi and Kobayashi and Maskawa’s theory of quark mixing in

Samuel C.C. Ting SPEAR collider at Stanford [24], and Ting Toshihide Maskawa 1973 was confirmed by results from the KEKB
discovered the I/ particle independently in 1974 accelerator at KEK in Tsukuba. Ibaraki Prefecture,
using the Brookhaven Alternating Gradient Japan. and the PEP Il at SLAC [41] which showed
Synchrotron [25]. that quark mixing 1n the six-quark model is the

1979 | Sheldon L. Glashow, Glashow, Salam, and Weinberg cited experiments on dominant source of broken symmetry [42].

Abdus Salam, and the bombardment of nuclei with neutrinos at CERN 2013 | Francois Englert and Peter W. nglert’s and Higgs’s theory of the Higgs particle in

Steven Weinberg in 1973 [26] as confirmation of their prediction of Higgs 960s was confirmed by the ATLAS and CMS
weak neutral currents [27]. \ experiments at CERN’s LHC in 2012.
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First Generation of Colliders — 1960s

1961: AdA first lepton collider 1969: ISR first proton collider




Scores of Colliders were built

Colliders We Built
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In the past 50 years,

» we built more than 20 e+e- colliders

» we built 5 hadron colliders (pp and ion-ion)
» we built one ep collider

However, we have never built any yy collider
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Example: yy—,,. HY B Valery Telnovi 3k %5 European XFEL photon collider
There was attempt to detect this process at LEP-2 (2E=200 GeV, L=1032, but only

upper limit was set. ] ,
. a’LW 411"1}(1 +A ) (ﬁ) r
dw, M:

1

f;/ X C
dl. 2F
For our collider}’f—” =(.5 ,s0
di, I, |
7T _(1+ A7 - I
A - “’*)(EJ (L,0)~8107 —— (L 1)
EM*  \c E M’[GeV’]

For I (7,)=05keV.E,=17.5GeV.M(n,)=9.4 GeV. 4, =1L, =11-10" -22-10",

t=3-10"s we get  N(n,) = 10°-2-10° and measure its I,
Production rate is higher than was at LEP-2 (in central region) ~ 500 - 104 times!
Such photon collider has very rich physics, incl. 4-quark (or molecular) states. Many
such states with unclear nature have been discovered recently.

Just for information. n, is detected in radiative decays of Y(nS). Babar has detected

~ 30000 n,, this was not sufficient to detect its decay to yy, because Br~7:10-. Such
decay can be observed at Super-B. LHC with 300 fb-! will produce 5:10°n, 6
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Signal processing for yy — yy @&#4), cont’ d)

L t Run time for 5
No. of pile-up aser(lt:lezr)) faie Sigma after 107 sec run

3.7 x 106 850
0.1
: 7.4 x 10°
(0.42 ) /pulse) >0 290
25 15 x 10° 490
100 0.93 x 10° 17 o
1.0
1.9 x 106
(1.32 ) /pulse) >0 120
25 3.9x10° 8.50

« vy —> e*e (Breit-Wheeler) has large cross section and should be observed immediately after
machine starts running
« But yy — yy has small cross section and strong background. From the table, for 1 pile-up per

crossing and at 50 Hz, 5 o significance (i.e., discovery) can be achieved in 1.9 x 10 sec, or
about 2 months.
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