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i SihA: Reductionism

Ernest Rutherford (1871-1937)
[Nobel Laureate in Chemistry, 1908]

There is only one science, and it is
physics; all the rest is stamp
collecting.

Steven Weinberg
[Nobel Laureate in Physics, 1979]

...by reductionism, ...these things
ultimately are the way they are
because of the fundamental
principles of physics.

Future High Energy Physics in China, L. Li (SJTU) August 17,2015 4




VIR BT R TR
BRTHERT 75 BT

®F  FT AT

T PFHSITAR
BTIEST “H” £
HFIERET “9R” £

Future High Energy Physics in China, L. Li (SJTU) August 17,2015 5




FL/ /7: 1072

Z—: H 55
HERA

GutHEAEM /1: 10

5| 77: 1040

sEAHEAER T 1

F R

Strong Muclear Force Wieak hagnefic Hr-::-‘:

SRESE S
» VIRBEANTSHNRETHEHR, EXRRTHEIRREETREEEM
» TRABETHE=AFE, REEY M, BNEARTEHAEE AT
« RPNTR: BRERET BT, BRERWIZATMRAKE 1T

- WXAMHEERA
« BEXRRTRELEHZBEAEARMBESEHEEER, ZURE LSR5
FRINEA R RE R

“The most accurate theory ever developed, in any field”

T g-25L i MBS R BRI 4 R 5251032 —(1012)
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Philip W. Anderson: [Nobel Laureate in
Physics, 1977]

More is different
...at each new level of complexity,
entirely new properties appear, and the
understanding of this behavior requires
research as fundamental in its nature as
any other.

WEMNERTLELRG
ARRABTREGREFB AT AN GH
“3THA—~HT" |
RRAREAL TR EAGRAREAGH F T4
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» RERRERMHA? ATARRHNFHRREMZEXAK?

o EHTAT

FHPIEYHRXAE?

IEVIRA R RREXSRR =L ? IR, 2N ABAE

- fHHEAEH (K4G—# i GUT-Grand Unification Theory)
» BIEA A1E5E? 7'7’#/4\%'[73}15/4\55" HIH) HRME?

» NHA96%F BV RARA A A
- (TBEEYIE ? BT RE A

- MNERZIRA: HF7IAEEANTHRIRAFALTFH
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XJHEE

HFYE RV T2 5 ARFHE R R RS
« REFH AR R R

p ";l-- . u-:.’.'. = Hadron Colliders
o BERREATTAE NRYERXREE . 23 (o ¢ Coners (ée“né’m
RN T I TR 2 S - 2|
« Zoo of Noble Prize! i o
SRV EESEYENZEREEST S0 TN -

TRISTAN
(KEK)

PETRA __ PEP
(DESY) — (SLAC)

CESR (Cornell)

« NIEHI % B SEIR AT 1R i B HE I SE R R BALIA

+ B LR T 0 TUR AR B K S AR
Y3 F 5%: Higgs discovery! o forenr
« XEEHLRAERHESE A IR, THER Ry e
’ %%wf*j¥ 16eV PRIN-STAN VEPP Il ACO
o ﬁﬁ%ﬁﬂﬁﬁ%ﬁ E(Jﬁé% (Stanford) ~ (Novosibirsk) — (France)

| I | |

L EﬁEl %ﬁ 196 0 197 0 198 0 189 0 2000 2010
Year of First Physics
/,
- PRTHHE

10 GeV [—

Constituent Center-of- §

XA T MR — 2 1=
. AT R E=MC*,A=h/p
o F—RIEHLAIMEIZHPIR: ILCICEPC/SPPC Ae BBk B K
« BEREAIALRATISE kIR A B = OB
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%%EB&E(Fermilab)

Tevatmd;lun
{ 4 mlles)

FIXED-TARGET
EXPERIMENTS

WEST TOLLWAY

Tevatron: 435 /A BRLHE, % L5710 BT (RAERE AL (2TeV)
199553 4 KNS 5 ! 2009$3H RKILERTHS 7 ! B

Future High Energy Physics in China, L. Li (SJTU) August 17,2015 13




b

LHC: 27A XM, s b BB RERAHAL(14TeV)
20124E7 B RIAA BRI !
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- E=MC2, 1 GeV = 1,000,000,000 HF1k
o METF10ZABEIEE, 1TeV (GILETFRE) RGeVEREEKN—T
o BEEBE AT HE R AR BRI T R R A |
. FHELKEEMNIOMeVE10GeVALE, NHREFEETX1000TeV
o AL FIENJNVEGEEARKIIRE: FILRFFXENL Tevatron
- 19684EF IR
. 19724£200GeV > 19764E500 GeV
- 19834900GeV
. 20014£980GeV > #3£1.96TeV
. HABEEERTFRREFAHENL, 1995 K ITHE 7%, 20094 K AT L 7!
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2 IEE(CERN Accelerator)

— mtiprolons

rausinnes o Gran Sasss (1)

LHC: Large Hadron Collider
SPS: Super Proton Synchrotron
AD: Antiproton Decelerator

PSB: Proton Synchrotron Booster
PS: Proton Synchrotron

LINAC: LINear ACcelerator
LEIR: Low Encrgy lon Ring

ISOLDE: Isotope Separator OnLine DEvice

CNGS: Cern Neutrinos (o Gran Sasso

CERN Accelerators

(not to scale)

0.999999c by here

0.87c by here

0.3c by here

Rudsll LEY, IS Dbvieos, CERN, 0209 96
Revineal weed mingied by Atonalla Died Raws, ETT D,
5 o llaboeson wieh B Deatonges, 31 Div., asd

03, Munglemici, PS Div, CERN, 21,0501

Start the protons out here
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F - F

Proton-Proton 2835 bunch/beam

Protons/bunch 10"
Beam energy 7 TeV (7x10'2 eV)

Luminosity 10** cm? s

LHC: J&

Crossing rate 40 MHz

Proton Collisions = 107 -10°Hz

N2 BRI AR E ?
FRBSE YL TE:
Higgs > ZZ* > 41 @i %t
A LR N10G10 52—

Selection of 1 in
10,000,000,000,000

Parton
(quark, gluon)
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YiEE{F(Collision Event)
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SHEEH A

D@ Experiment Event Display ﬁ]ﬁ%ﬁ

Single Top Quark Candidate Event, 2.3 fb™ Analysis

SRt

Run 223473 Evt 27278544 Sun Jul 23 19:21:41 2006
ET scale: 28 GeV

b Jet

electron

SRARGL b Jet

muon

two neutrinos
combined

Neutrino

antiproton
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History of the Universe
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BREREPAFREAER

> Higgs Ji o7 FHRERE
zl:*_L?E(Jﬁ ﬂéﬂ?’ IE*_L
?%@h@ﬁ@mﬁfﬁ
RILB RGN T, HE
BFRA “ B BT

THE
.1)[)

PARTI( Lh
> 3R Higgs FAETFRAKE R LEON

= BEXT #1525 ( LEP, Tevatron, L EDERMAN
LHC) H@jﬁg%iﬁ E *}‘I\‘Z—‘ o wih DICK TERES|
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75 il (Higgs Mechanism,1964)

» J. J. Sakurai Prize for Theoretical Particle Physics (2011)

Peter W. Higgs F. Englert, R. Brout

Phys. Lett. 12 (1964.9.15) 132 PRL 13 (1964.831) 321
PRL 13 (1964.10.19) 508

G.S. Guralnik, C.R. Hagen|and
T.W.B: Kibble, PRL 13 (1964.11.16) 585
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AFERFRERE
TR KA
Goldstone Boson s ey 7. BAEA
(BR) HHRE)  mES53mM%
(- H e S B R
?ﬁfﬂ?ﬁﬁ@?%ﬁq& | V(9)
i ys RE
Massive Gauge Boson : gﬁ il
________ L ¥ HERF
ey’

FRRTFRETHDEBRS ' zer0 energy
HAh =AFREBOR SRV & TR W, Z 0 excitations
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Source: Cermn/UCL
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FEH
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Rt HA SRV

%:2000 - CMS Preliminary
(H1800F Vs=7TeV,L=5.11b"
N~

C 1s=8TeV,L=53fb’

a5
W
&

—e— S/B Weighted Data
S+B Fit

------ Bkg Fit Component
IESE:;

[ +26

N
120

EEVT
m,, (GeV)

« BTN} EE SE PRI EAE (“Data”) A1 E R TR 45 3R

- FRE5FHiggs(4 )R 5B EHiggs(HE&E ) EMRFE

- MRG T TR#ATER AN Xo@EMER, EEZBENMERE!
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L L
Selected diphoton sample

L4 Data 2011 and 2012
Sig + Bkg inclusive fit (m, = 126.5 GeV)

--------- 4th order polynomial

Is=7 TeV.J' Ldi=4.81b"

Is=8 TeV,J. Ldt=5.91b"

ATLAS Preliminary
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i - Signal (mH=190 GeV)

w|w|

» Data .
B Background zZ"” ATLAS Preliminary

B Background Z+jets, ft )
[ Signal (m =125 GeV) H—Z7 —4l

%// Syst.Unc.
7 TeV: |Ldt = 4.8 b’
- 8TeV: ILdt = 5.8 fb!

200

250
my, [GeV]

Bvents/ 10 GeV

12{) == L T T T [ T T T T [ T T T 1
- ATLAS Prellmlnary o e
100 (s=8TeV,| Ldt=58f" [ [HsngeTop
C ) . - Z+jots |:| Wjets 7

T H=WW' —evuviuvey + 0 jets CJHps G
80~ + .
Howw
401 —
20f —
- o I . . , =

&

200

250 300

W,ZH — bb

|/f!\TLlAS| 201|1 - 2o|12

f |
m,, = 126.0 GeV

Vs =7 Tev: JLm 47!
H— 11

Vs =T Tev: ILm 454?fb‘

H—wWwW” S viv
Vs =7 TeV: |Ldt=4.7 "

Vs =8 Tev: |Ldt=5.58 "
H— vy

\s=7TeV: |Ldt=43M"
\s=8TeV: |Lat=59m"

H-zz" > a

Vs=TTeV: |Ldt=48M"
Vs =BTeV: |Ldt =558 "

Combined :

E=7Tev Lat=46-a3m" =14+ 0.3 i

fF=8Tev: Jlat=58-50m" E

| | | | | f |
-1 0 1

Signal strength (u)
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AR RIS I

Q - ¢ B T
3 ATLAS 2011 - 2012 | ‘_E 10— o0
ks \s=7TeV: {Ldt 46-48 10" =102 \ N
\s=8TeV: |Ldt=5.8-5.9fb" — 103 B2 ~_—
S T Tl
che w \\_// .
10° .\
oot \_/
107 RS
10_8 = Combined obs. "".“
1 0—9 = === Exp. for SMH Higgs [ CMS Preliminary
10.10 — H—=yy H— ZZ + WW +yy
—_HZZ Vs=7TeV.L=5.11b"
107 E | s ww \s=8TeV,L=5315"
10-12 o S A B e e e e e e e e e e
110 118 720 125 130 135 140 145 150 116 118 120 122 124 126 128 130
m,, [GeV] Higgs boson mass (GeV)
e Significance 6.0c (exp 5.0c) e Significance 5.1c (exp 5.2c)
. M,=126.0+0.4+0.4 GeV . M,=125.3+0.4+0.5 GeV

o I & HFT {5 (Significance) H IEA 73 fidnE T Zo0R s, 3 sigma ~ 99.7%
- Bl LEM “RI” &RMETEEFTZ 5 sigma ~ 99.9999426697%

« 2012 ICHEP X4 | ATLASHICMS /A A7 57 & T A ¥ Bk !

- VIS REBR T R — B HIA
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AR RIS I

- Signal strength ATLAS : p=1.18*15 .,
- Signal strength CMS: n=1.00 =0.14
- Signal significance: > 10c

— c(stat.) :
19.7 167 (8 TeV) + 5.1 6" (7 TeV) ATLAS _ (rsiney  Total uncertainty
: : my=125.36 GeV | 6{;;;‘;;;'” +ioonu
Combined CMS my = 125 GeV H - vy = E— '
u=1.00+0.14 _yq70z8[ iR e
pSM =0.96 p=1. 0.26 il——d J
H —Zzz* ot L ok
H— vy tagged u = 1467005 T
= + ) 0.34 ”5 i = i
n=1.12+0.24 o 52 B
_ +0.24 c.1 l——|
H s ZZ tagged b it L
- agg H - 1 Egﬁ —
w=1.00%0.29 n= 14402088 ; RN
o ——: 5
]J. =0.831+0.21 h=4. _0.37 HH i
o b i
w=-0.7%7%:
H — 1t tagged 37| o4 1 J
w=0.91£0.28 H-Zy s
we2rieli | L
H — bb tagged Combined 5
u=0.84+044 | | w1180 | j
0 0.5 1 1.5 2 ' '
Best fit G"{GSM \s=7TeV, 4547 fb” -1 0 1 2 3
Is=8TeV, 203" Signal strength (u)
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Phys. Lett. B 716 (2012) 1-29 (ATLAS) ) : :
http://lIwww.sciencemag.org/site/special/btoy
Phys. Lett. B 716 (2012) 30-61 (CMS) 5012/
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I Rp l &= CORRIERE DFLLA SERA
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Décourerte du boson de Higgs e accélirurnolrshlstulrs ‘“ 6: ”
Particule élémentaire! "ﬁ .
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after July 4th seminars at CERN

CERN black board,
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IR NSRRI

« ATLASHICMSSEIG 45 SRR B H B4k 2 WA s i+ i 2 At
PRI EREIET IS : B ieN 0 BN

ATLAS CMS
Mass 125.36 & 0.37(stat) = 0.18(syst) 125.02 *9-26  _(stat) *0-14 (syst)
Data favors 0" vs
Spin 0- 97.8% CL 99.8% CL
Spin 1 99.7% CL 99.9% CL
Spin 2+ 99.9% CL 99.4% CL (100%gg)

- HEmE:
- FRHR A THRSRENERE10%
- R R T X EEEA N0 (>50)
« EZRNIE
- VBF production > 56 (ATLAS+CMS)
- ttH ~ 40 (<20 expected)
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FZEFeERIN &I3R201 3£ M /Ry IEEZ

/—"* Congratulations to Professors
" Francois Englert & Peter Higgs

for the

20]3 Nobel Prize in Physms

s Material from ATLAS

The Nobel Prize in Physics 2013 was awarded jointly to Francois
Englert and Peter W. Higgs “for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of mass
of subatomic particles, and which recently was confirmed through the

discovery of the predicted fundamental particle, by the ATLAS and CMS
experiments at CERN’s Large Hadron Collider”

HEAETENSZEMNHEIN TR R ME T EERM
ATLASSEIGH: HRERr. BHR. BR. R, R @E R
CMSSEIGH:  HEepr. dbk
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AR ISHIRIT : PRINFNHEER

T R HTRL T IR — B AR T

- BEE5EESNTHREHEMSGIEM (Coupling) , HAHE/ER KR
fE T FH AT KRB R/

o FrAERAMAESNFR BRI (FETF) 312 (FXF)

o FRERLT I B EAN0
o MYRFHIELRKNT, THRITHIZKRE!

- YEZE FE—RETMNEBEIEREEEZERSEHXFTEHN EEHER
o PREARTYIE R I B SR SR XE B N AR A AR

AR TR RN EZREE P MEAREEN RN —

o« JERET —AHRAR

o FIER TR FYE: HHTR AR KU VIR TR T R A0
- BEEHRERE? BRN0? EEAREN? XNFHEIERLM?

o TS MUNEESRIE? SHiggstER ?

- EEYIFFH%: Higgs portal?
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IRICEEE : BN

1015 GeV === K54G —

~1 TeV ZF 35y
~100 GeV PR T

[Slide from J.-M. Yang]

If SM valid up to GUT scale, the theory
has extreme fine-tuning !

m; =mg — oms,

100 GeV 28

- FEHBER B AR A BR LK — R RT
- FEBIR B B R RIR R AT

K. 16934, FWEE 5|/ ER
ERRHSTFHER:

As hard as to make the sharpest
needle stand upright on its point
upon a looking-glass

This “unnatural” state of affairs
could be set by a divine power.

Future High Energy Physics in China, L. Li (SJTU)
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EXJFRIEIE

Standard particles SUSY parlic!es

Quarks @ Lopions @ rorce particies ) Slepton ") SUSY force
parti

Particles

\ N A BERTEE— EHR K
/1 - R TR EATR TR DU S— e ik
y  Gi— BRI HRERT, RN
J @ HUIEUEEMRG@EEN “EMRET)
- CEW FRERE F, B ERMEE, 8
‘ Ml S T 4R

ﬁﬁmwmmt AR THR 7 B LB
L "shadow " particl vl S|
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EXFRIEIEARBEA ?

Introduce the positron (Dirac, 1931)

~
E>0 —
> L'T,\_I\‘i_rﬂj —
; >
&
2
A(mc”)coutomp ~ — 2
(me”)cou r A(m)gsosr<0 ~ e‘mlog(A/m)
Requiring:
Am < m=0.5 MeV which is a correction of only 10% even at

scales of the order of the Plank mass:

A=1/r<5MeV A(m)esope<0 ~ 0.1 m

at

A= 10" GeV

5P B FEERE, (EAEAN T BAFEAN FEN TR
RPN R R/ EBIERIREEM, “BRMR” KER
PVIEAREE A RE T EEH
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« PR AR T W] fig /2 25 4E == 18] T (R S 1 1= 3 ) 52
» 22 (AL T B VEAE AT I B RE B AR = B P AL 2
- R REEN B A B T HRRVRE SRR E XK
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EARIEHRR - BRI

TR REDL: REEE, 7i%%?h¥ﬁa7’75‘% L“ﬁ“jtg
sRT AR, MELMERENE

 LHC CREY R FXT#EHL) @ 14 TeV, 300 fb!
« HL-LHC (= JELHC) @ 14 TeV, 3000 fb~!
* HE-LHC (;FBEE&ELHC) @ 33 TeV(27km, CERN)
* SPPC (BBZJF T-XF#&HL) @ 50-70 TeV (50-70km, H )
= FAENL: REIR, BEAR, BENE

- ILC (HIELX#NL, HA) @ 250/500/1000 GeV
« FCC (RN, CERN, Rki) @250/350 GeV
* CEPC (AR ML, HE) @ 250 GeV |

http: //cepc. ihep. ac. cn/ | C’E/Pe

|
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CEPC + SPPC

Thanks to the discovery of the low mass Higgs boson, and
stimulated by ideas of Circular Higgs Factories in the world,
CEPC+SppC configuration was proposed in Sep. 2012

* Circular Higgs factory (phase ) + super pp collider
(phase ) in the same tunnel pp colider

A 50-70 km tunnel is
very affordable in China
NOW

e " Higgs Factory Talk at FCC kick-off meeting:
httos:f/indico.cern.ch/event/282344 /timetable /#all.detailed

CEPC: Circular Electron-Positron Collider
SPPC: Super Proton-Proton Collider
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) . |

N IE 0 B X EDL(CEPC) - 2k i+
R FX L (SPPC) T H IEX S 31

o 20134F9H13HAIL T B B34, MiLinstitutional Board (IB) , i H 3k
172 i 4(Steering Committee), ﬁﬁg‘—_ﬁ, Hig. sSLRMmMESHEZTEAN.

e 201312 H 17 H L= Be B HIE A 5E H 4L (Center for Future High
Energy Physics), FEPrinceton KXZ##% Nima Arkanl Hamed {fﬂlﬁlh\iﬁ

CEPC?J*/FHTIETJ%% ”CEPC%ﬁMﬁ‘VI‘:

2015%: TMH B 15(pre-CDRICDR) . 200z AR, 47HEREE, 4,520134E
2015FEFHMNE+=FMRI B 1 E GDP(57 H54Z) /54> 2.0.5.

2015-20204F: WHIHIEHZUAS(TDR) . BEPC#&#12.5/2, 5 E244E(1984)
2021-20274F: FFIGCEPCLIER X GDPHI i —-

2028-2035%: JFEACEPCIEATEEL . LHCE®&MM00/Z2E 7T SRk 5=
2036-20424E. SPPCREF THRER #r10012.3 7T o5 BRI 73 43
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5 BT HE&4E% H (International
ﬂ"ﬁ%ﬁ%ﬂ Precision proj ects) .
Accelerator- frontier B T1g-2. Belle II. PANDA.
based COMET
REERTHS KA 58X LHC H PR .0 8L ILC
Energy frontier
R R
Underground
JEmE I
B Majoranath i & EXO nEXO
Non-
accelerator- | #iL K Surface
based
B JRIERE WAL AMS
2 RS
Space X§HAR ORI XTP




R RERESEI A
KB

o SRIFLHCHIARME: HiggsHETFREME. FIR SUSY. BYIRK T

« FiE2 54 ECEPC-SPPCHiHf:
. HiggsUA RFEfs Bk, Mil. BRI
ARSI T R AR IR, R, MORLER. RFAdEAR R s

I 4 56 5 [+
3B ILIPandaXWi B #FF&HEst: BRALZBS00A TR EZEH
- RIS RABEZ T HRNBEIRES: NEI. 2Fg-2
E AT T
s IMRBMEBAFAL: BFg-2. PHTFELRSE
« BT —RE0YWELRHFH: BTFERLE. BEERLE
TREENSEER R BRERFILS

WO B A K57 ) A AR !
BB R AR B R IR

liangliphy@s jtu. edu. cn

Future

High Energy Physics in China, L. Li (SJTU) August 17, 2015



Future High Energy Physics in China, L. Li (SJTU) August 17,2015 51



