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Nucleon Tomography : a fundamental quest

Semi-Inclusive DIS Drell-Yan

Pérton

/J l Distribution

H @ Fragmentation

Proton structure: encoded in PDFs

1
T = Z dxidxs 5ab(Q,CB1,CE2,Mf) fa(wla,uf) fb($2,.uf) i O(AQCD/Q)
a,b 0




Nucleon Tomography : a fundamental quest
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TMDs: center piece of nucleon structure

» Phenomenogical needs

» Both longitudinal and transverse motion of partons inside
proton

» Quantum correlation: spin-spin, spin-momentum (orbit)
correlations

» Orbital motion
» Most TMDs would vanish in the absence of parton orbital .

angular momentum K g
» Information on the color glass condensate —a unique formﬁfp\\‘l
p Q

nuclear matter at small x

» QCD factorization \
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TMDs: center piece of nucleon structure
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One example: Sivers function

> Sivers function describes the transverse momentum distribution
correlated with the transverse polarization vector of the nucleon.

1 . =
fornt (2,k1, S) = fq/h(af ki) =97 7 (2, k1) S (P x k)
Spin-independent Spin-dependent
x f1(x, kt, S7)

A.Accardi et
al.Eur.Phys.J.A 52 (
2016) 9, 268

-0.5 0 0.5 -0.5 0 0.5
ky(GeV) ky(GeV)

» The quark distribution will be azimuthally asymmetric in the
transverse momentum space Iin a transversely polarized nucleon.



One example: Sivers function

* Nalve time-reversal-odd, and Its existence requires a phase

' ' S. J. Brodsky, D. S. Hwang, and I. Schmidt,
(generate through Interactions) phys.Lett.B 530 (2002) 99- 107

fﬂ\, J. C. Collins ,Phys.Lett.B;S‘yZOOZ) 43-48
'qﬂ%r 1

final state interactions = initial state interactions

XC}::-::::::::.'()\; J_K .......... @
DY DIS
P 2] R |
<*_,_g_i_‘_t_?
— of » teo U



Sivers function: history

»1990: introduced by D. Sivers, to describe the large single spin
asymmetry measured in inclusive hadron production in p+p
collisions at Fermilab

»1993: J. Collins shows Sivers function has to vanish due to time-
reversal invariance

»2002: Brodsky, Hwang, Schmidt performed an explicit model
calculation, showed the existence of the Sivers function

»2002: Original proof missed the gauge link (needed to properly
define gauge invariant distribution), once added, found Sivers
function in SIDIS I1s opposite to that in Drell-Yan
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Sivers function: history

»2002: Brodsky, Hwang, Schmidt performed an explicit model
calculation, showed the existence of the Sivers function
»2002: Original proof missed the gauge link (needed to properly
define gauge invariant distribution), once added, found Sivers
function In SIDIS 1s opposite to that in Drell-Yan
RS B

quark jet

final state

interaction ISI FSI
spectator>

system

proton 11-2001 SiverSh_)Y — —SiVerS|DIS 11



Sivers Function and Qiu-Sterman Function

» Qiu-Sterman Function
Tr(xo,x}) /dC dn

€

4
x (PS[B(0)L(0,¢7 )y gFu*

2k, k2
» Tp(r,z) = o A4211TTDY($ak¢)

» Sivers function at large kt

n o, M dr [ Cy
Jir(z, k) = 272 (Fs:i)zf T { 2
d

1 [(T_Tf

QN Ox
+Tr(xz, 2)0(1 — &)Cr (ln

IL+¢§
(1 =8+

(@, r)) (1+€) + Tp(z,2)

£-9)

K

Tr(z, 2)

i(xo P~ +(zh—x2)Pg (™

(€L, )v(n

+ Tp(z, )

)Ei&.SJ_ﬁ
)|PS)

D. Boer, P. J. Mulders and F. Pijiman,
Nucl. Phys. B 667, 201 (2003

—1D-2

ON. 2 (1=4)
(1—-8)2(26+1) -
(1-&)4

2

X. Ji, JW. Qiu, W. Vogelsang, F. Yuan, Phys.Rev.Lett. 97 (2006) 082002 ,

Phys.Rev.D 73 (2006) 094017

J. Zhou F. Yuan Z.T. Liang,Phys.Rev.D78:114008,2008
Peng Sun, Feng Yuan ,Phys.Rev.D 88 (2013) 11, 114012
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Sivers Function and Qiu-Sterman Function

» Qiu-Sterman Function

d¢—dn~ - (22 PEe—) Ba
To(2a,2,) = / 9 4;’3 eil@mPrn (@ —w)PECT) Pog

X (PS[Y(0)L(0,¢ ) gFa ™ (CT)LC 07 )b(n7)|PS)

2k k2 D. Boer, P. J. Mulders and F. Pijiman,
» Tp(r,o) = / 5 oy (@ kL) Nucl. Phys. B 667, 201 (2003 gy ()

> Sivers function in small b limit

o as [ —ibg 1 ¢
fir(z,b) = o ( ZL) {(_E +In b2;2> rpg;—)qg ® Tr(z)

2
Qo 1 _
b2l1:2 2NC TF (x? x)(]‘ 5)

3 b2,u2 z2C2 1 z2<2b:?L 2 2

—0(1 — &)Tr(z,2)CrIn

PT @ Tp(z) = / dz {Tp(x, 2 [CF (llt§2> -~ Cadla- f)]

Z

e (TF(fC, Z)ﬂ — Tr(z, ) = 52)} ’ 13




Transverse single spin asymmetries

1
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Transverse single spin asymmetries in SIDIS
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Transverse single spin
production
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Resummation

Soft gluon radiation leads to Sudakov Logarithms
In (Q22) ~ In &

4

The large logs will be resummed into the exponential factor

©, L (In 2 A+B)

W(Q,b) =¢e /v w C® HLCR fo

Phenomenogical applications of the QCD resummation to the
transverse momentum spectrum have been very successful
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Resummatlon Z.-B. Kang, B.-W. Xiao, and F.

Yuan, Phys.Rev.Lett. 107 (2011) 152002

dAo(S))

dydQ?d?q, 00e STWr(Q;q1)

Wor(Q;b) = e5vr@BWg(Cy /b, b)
= (—ib}/2) e T @D,
XACZ; X fz(/i)l(zl)CqJ X fj/B(z2)

() ()

G3Q% 4,2 C2()? Sudakov factor S have the
swien - [ 2o (9) s ;
ur(@0) e 12|\ 42 or(Ci9W)  came form as that for the

+ Bur(Cy, Ca; 9(w))] spin-average case
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TMD evolution effect

Without TMD evolution With TMD evolution
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Z.B Kang, J.W Qiu, M.G. Echevarria,A. Idilbi,, Z.B Kang, |.
Phys.Rev.Lett. 103 (2009) 172001 Vitev, Phys.Rev.D 89 (2014) 074013

TMD evolution reduces the asymmetry.
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How to enhance the asymmetry?
Our solution: 0-jettiness veto method

2 . Bl o s
TE—E miny p, - l;, pp - l;} = E )
0 & { b b} ~ Q
T < 70

S. Fang, S. Lin, D. Y. Shao, and J. Zhou, Phys.Rev.Lett. 136 (2026) 2, 021901
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N-Jettiness

N-jettiness Is a global event shape defined in terms of the beam g,
and Jet-directions g

2
™ = 53 > min{qa-pk, @-Pk, 1Pk - - -, AN Dk }
k

I.W. Stewart, F.J. Tackmann, W.]. Waalewijn,Phys.Rev.Lett.105:092002,2010
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TMDs with O-jettiness

» For electroweak Drell-Yan processes, the O-

jettiness variable I1s defined as

T=02 Z min{pg - li,py - li } = Z lbssil Qﬂ*' e I ——

The sum runs over all particles i (excluding
the gauge boson) with momentum [;

T < 70

» strongly suppresses central gluon radiation
and effectively constrains initial state
radiation.

» enhance the sensitivity to the intrinsic
non-perturbative structure of TMDs




TMDs with O-jettiness

» For electroweak Drell-Yan processes, the O-

jettiness variable I1s defined as

2

= Iy | E :|ﬂ—1| —|lyi—vy|
p— ; [T11T1 pf.l - l{iirjb - l{'li — —:'Er Jt J
QE g { } : Q

L

The sum runs over all particles i (excluding
the gauge boson) with momentum [;

T < 70

» The restricted phase space has a

significant impact on the resummation
procedure




Joint resummation of TMDs with O-jettiness

2
Q_2

Two types of large logs: In
4 T0

» The modified Sudakov factor with vetoes:

T()t QQd 2 d
/dxg (2111%§)/ BT [ /_g(ln__) T RS
v 14 - u2 M 7 t M rot 14

» The standard Sudakov factor:

Q
Cr [“di (an — §> as (1)

T Juz M

Cr

A
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Formulation in SCET
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Impact of 0-jettiness on spin asymmetries

do > bdb
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' 0
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\ 4
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Numerical results

T
—.l_” — ]_
E.D =T = l].{.:'].:;
== T = ”UE
1 5 mmmw T = IR

Nde /dg, dy

The normalized unpolarized cross section for W- production at RHIC energy
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The enhanced asymmetries
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Statistical uncertainties
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Implementing a 0-jettiness veto can significantly enhance the sensitivity of SSA
measurements to the predicted sign flip of the Sivers function, thereby offering a

more robust avenue for testing fundamental TMD dynamics in polarized collisions.
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The enhanced asymmetries
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Implementing a 0-jettiness veto can significantly enhance the sensitivity of SSA
measurements to the predicted sign flip of the Sivers function, thereby offering a
more robust avenue for testing fundamental TMD dynamics in polarized collisions.
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Single spin asymmetry in SIDIS
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The results show that the asymmetries are enhanced at moderately
large pion transverse momentum when the veto is applied
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Single spin asymmetry in SIDIS
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The error bands for the t* vetoed and inclusive cases show no overlap
forq, =1 GeV, confirming a measurable improvement in sensitivity.
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Summary

»We introduced a 0-jettiness veto method to suppress
TMD evolution effects and probe the nucleon spin
structure.

>Single-spin asymmetries (SSAs) in both W#/Z°
production at RHIC and t* production at EIC are
significantly enhanced with the veto.

»The 0-jettiness veto provides a promising new tool to
study the spin dynamics of the nucleon in polarized
collisions.
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Gluon TMDs

Leading Gluon TMDPDF's Q—»Numec.n Spin @Glunn Operator

Helicities

Gluon Operator Polarization
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fi=( ii’= @)+ @)
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gip=(od = (o) | ip = (D (S

Helicity

R PP
1T = *
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Gluon TMDs

1 d —d2 . /
/ Y yTe"k'y<P, St|2Tr [FJ’:T(O)UFiT(Z/)U] | P, St)

$P+ (27T)3 For pto >0
K 1.v gluo;\s prefer to be
— 5;fo 4 (2kaT 55‘;’/ hf—g polarized along kT
kz
y |
Unpolarized linearly-polarized

*1 +1 +1 +1
fl hi?

an interference between +1 helicity gluon states 35



Linearly-polarized Gluon

D. Boer, S. J. Brodsky, P. J. Mulders, and C. Pisano
Phys.Rev.Lett. 106 (2011) 132001
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J.-W. Qiu, M. Schlegel, and W. Vogelsang

Phys.Rev.Lett. 107 (2011) 062001

A

ke o7
— %

Y

) .Lga

Vector sum
Qr =k +k
Vector difference

Pr==(k - k)



Linearly-polarized Photon

Vector sum
Qr =k1 +k;
Vector difference
p ]([ k)
r = 5\K1 - K2
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Azimuthal
Asymmetries In
Ultraperipheral

Heavy-lon Collisions
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Strong EB fields in HIC

e eB~yZav/b%~108Gauss
JSvv = 200GeV Au+Au

Magnet Neutron star Heavy-ion collisions

: B
I ‘ ~ (Gauss)
102_105 1012“1015 1018_ 1020

D. Kharzeey, L. McLerran, and H.
Warringa, Nucl.Phys. A 803, 227

(2008)
L. McLerran and V. Skokov, Nucl.

Phys. A 929, 184 (2014)
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Equivalent Photon Approximation

Ultra-relativistic charged particle produce highly Lorentz
contracted electromagnetic field

b,

< g —_

-

/ \ Acceleration

B=0 g=1

Equivalent Photon Approximation
Classical EM < Quasi-real photons
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Equivalent Photon Approximation

Due to the large flux of quasi-real photon,the cross-section
can be enhanced by the Ze

E
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Ultraperipheral Collisions(UPC)

UPC: the impact parameter
Is larger than 2 times the
radius of a nucleus

Clean background
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Azimuthal modulation in dilepton photoproduction

Scientists Generate Matter Directly From Light —
Physics Phenomena Predicted More Than 80 Years Ago

Atomic Physics  Brookhaven National Laboratory DOE Popular

R.J. Wang, S. Lin, S.Pu,Y.F. Zhang, Q. Wang,Phys.Rev.D 106 (2022) 3, 034025

S. Lin,R.J. Wang, J.F. Wang, H.J. Xu, S. Pu and Q. Wang, Phys.Rev.D 107
(2023), 054004.
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Azimuthal modulation in dilepton photoproduction
C. Li, J. Zhou and Y. J. Zhou, PLB 795, 576 (2019) ;PRD 101 (2020) 3, 034015
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Peripheral Collisions

> yy — l71™ processes have been measured in peripheral

collisions (b < 2R,)

STAR, J. Adam et al., Phys. Rev. Lett. 121, 132301 (2018), 1806.02295.
ATLAS, M. Aaboud et al., Phys. Rev. Lett. 121, 212301 (2018), 1806.08708.
ALICE, Sebastian Lehner et al., PoS LHCP2019 (2019) 164, 1909.02508.
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Excess above hadronic production
has been observed at low transverse
momentum of dileptons (PF¢)
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Azimuthal modulation in dilepton photoproduction

R.J. Wang, S. Lin, S.Pu,Y.F. Zhang, Q. Wang, Phys.Rev.D 106 (2022) 3, 034025
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Azimuthal modulation in dilepton photoproduction

R.J. Wang, S. Lin, S.Pu,Y.F. Zhang, Q. Wang, Phys.Rev.D 106 (2022) 3, 034025
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Azimuthal modulation in dilepton photoproduction

R.J. Wang, S. Lin, S.Pu,Y.F. Zhang, Q. Wang, Phys.Rev.D 106 (2022) 3, 034025
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C. Li, ). Zhou and Y. ). Zhou, PLB 795, 576
(2019) ;PRD 101 (2020) 3, 034015
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PRD 107 (2023) 3, 036020
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Azimuthal modulation in dilepton photoproduction

»Can nuclear structure information be reflected in the

photoproduction in isobar collision ?

> ,,."'-N
- +--\) +
+e| 4+

96 96

bt F L2 _RL?6+ ”RL?G
(a)| Re de R, dn
Ru|5.083 fm|0.477 fm|5.093 fm|0.488 fm
Zr [4.977 fm|0.492 fm |5.022 fm|0.538 fm
(b) R. d. R, dy,
Ru|5.083 fm|0.477 fm| REv | JRu
Zr |4.977 fm|0.492 fm| RZ dZr

Charge density distribution ‘ F

Mass density distribution -fbbmm:; dbr
The lepton pair photoproduction

Is calculated with the charge

density distribution, while the
centrality is defined from the

Glauber model with the nuclear

mass density.

S. Lin,R.J. Wang, J.F. Wang, H.J. Xu, S. Pu and Q. Wang, Phys.Rev.D 107
(2023), 054004.
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Azimuthal modulation in dilepton photoproduction

»Can nuclear structure information be reflected in the . S '
photoproduction in isobar collision ? Charge density distribution F
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S. Lin,R.J. Wang, J.F. Wang, H.J. Xu, S. Pu and Q. Wang, Phys.Rev.D 107
(2023), 054004.
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Azimuthal modulation in light-by-light scattering

Yu Jia, Shuo Lin, Jian Zhou, Ya-jin Zhou,arXiv:2410.13781
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Light-by-light scattering. A Long-Researched Topic

> Initially predicted based on Dirac theory. Halpern 1933
» Low frequency limit Euler-Heisenberg Lagrangian
Heisenberg, Euler and Kockel 1935-36
» High frequency limit Akhieser, Landau and Pomeranchuk 1936
» The first complete LO calculation in QED Karplus & Neuman 1951

%
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Light-by-light scattering. Connections to Many Topics

» One of the most fascinating processes in Standard Model
» Strong field related phenomena

» The anomalous magnetic moments

» A playground to search for new physics.
Delbriick scattering  Photon splitting

h, &N 55 ﬁ J‘rﬁ
4 Ny g Ny

E:I: | q %W% “ “ l"' v

Each cross denotes external field legs, e.g., an atomic Coulomb
fleld or a strong background magnetic field.

A

P AVAVAY
A
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Light-by-light scattering. Connections to Many Topics

» One of the most fascinating processes in Standard Model
» Strong field related phenomena

» The anomalous magnetic moments

» A playground to search for new physics.
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Experimental measurement

M. Aaboud et al. (ATLAS), Nature Phys. 13, 852 (2017), 1702.01625.
A. M. Sirunyan et al. (CMS), Phys. Lett. B 797, 134826 (2019),

1810.04602.
G. Aad et al. (ATLAS), Phys. Rev. Lett. 123, 052001 (2019), 1904.03536.

G. Aad et al. (ATLAS), JHEP 03, 243 (2021), [Erratum: JHEP 11, 050
(2021)], 2008.05355.
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Joint dependence of kt & bt

do
d?py ) d?po | dy, dy2d?b |
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322" f T ()2 b
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+ cos(¢y + ¢2) cos(d) + dh)| My _|?
— cos(¢y + ¢o) cos(¢p) — ¢h) My M7 _

— cos(¢1 — ¢2) cos(d] + qz'ifz)ﬁfbr_ﬂJLF}
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Azimuthal modulation

The linear polarization of initial
photons

—azimuthal asymmetry of final
photon pairs
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Asymmetries

Azimuthal modulation
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Azimuthal modulation

Asymmetries

0.25 Pb+Phb 5.02 TeV

0.20}

0.15}

1) g | PP

0.00————
38

Q [GeV]

Axion-like particle

Unlike the SM continuum, which
shows a relatively stable
azimuthal modulation, the NP
resonant contribution gives rise
to a highly nontrivial invariant-
mass dependence of the
azimuthal asymmetry.

Azimuthal modulation could be a valuable new observable for

new physics.
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Azimuthal modulation

Asymmetries
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Asymmetries

Light-by-light scattering.
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Summary

» light-by-light scattering is a fundamental process for many
INnteresting questions.

» We show that the linear polarization of incident photons
generates a sizable cos2¢d-type azimuthal modulation,
which awaits the test in future LHC and EIC/EicC
experiments.

» Azimuthal modulation could be a valuable new observable
for new physics.
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Summary

»Understanding the nucleon structure remains one of
the central topics in hadron physics.

»UPCs exhibit rich azimuthal asymmetry structures
and abundant polarization-dependent phenomena.
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Thanks for your attention!
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Back up

65



SCET, regime

Q" < ¢l ~ 1@ < Q
Factorization formula:

Stewart, Tackmann, Waalewijn '09

Jain, Procura, Waalewijn, Zeune '11
doi (7o) 0@ esTds [bdb
s UOH(Q,ﬂ)Zquff dT/ , / —Jo bql)[ q/p(8/Q@>q, b, u)}[ g /p(8/Q,zq b, uIS (s u)}
dyd ql e 0 271
mwep SCET,
° . q ) L Q q Q1 Il, ' .
RGEs:  5(s/Q,p) = —2Tp(as) In s +7p(as) I g
1 b
q _ q i %
’Ys(S, p) = zrgusp(as) In m + ’Ys(as) ; o ?
2 I'k P ~ gL~ Tl
’Y;I%[ (Q7 )U’) — 2Fgusp(a8) In ) + 27%’/ (O{S) : | h .
() " . hh_"'.-,
i~ T2 e
T T+ Ty * [
. I I I o @
* Scale choice: iy~ Q. B~ V7100, ps ~ 100 .
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SCET ., regime ~’<¢d <n@Q’ <@’

e Factorization formula: Procura, Waalewijn, Zeune '14
do 4 (7o) L esTds [bdb
3y &7, =0 mz Coq f dT/ o f —JO qu_)[ a/p(Zq, b, 1, V/wq)] g /p(ZTg, by p, v/wy)
[S (8,0, p, v JES (8,0, 1, v j{S(s,u)}
Tey - p SCET . \
12 @_‘ :: : "
« RGEs: h(nsv/w0) = Thu(@s)n 7 £ 7h(20), @ -
lub d 12 _E_ :l: I"‘
b =2 | [ BT () + 5| al | @
I U
) v L N
P)/g'(sv Hy V ) _2Fgusp(a3) In m + Ts (CMS) ’ o =.
1 ’ .H"-,_L__ i )
f}/g‘(s? /U’) — 2:[“gusp( )11’1 " 8262’7E + 'Yg(Q’S) ’ pt o~ i T ———n —1--._._:_ |
2 Tl:@ f.f.{_-"lTl'-':.,) ';-;:?rn F

7}1{ (Qv )u') — 21“gusp (Oés) h’l ﬁ _'_ 273/‘ (aS) :

* Scale choice: 1 ~Q, pp~wm, plepm,  pg~ 700,

+ + Mo
v ~ @, stmmm. 67



SCET,, regime 7@ ~d <@’ <%

e Factorization formula: Procura, Waalewijn, Zeune '14

dorr(T 0@ eTds [ bdb
dyl(liz_? OMZC‘M/ dT/ s / —JO bq.) @q/p(wq,b,,u,u/wq)IBq,/p(xq,,b,u,V/wq,)IS(s,b,u,I/)J,

2
1/ TLg - o E
* RGEs: 751 v/wg) =T (as)In — +75(s), e N
Wy QI‘ @
| 1’2 ' P
1w =2 [ Thlan) +92a)] |
pu? ,Ll, '
u?
7,%’ (,LL, ) = 2P(Clusp(a5) In ﬁ + 7.% (Oés) ) I"H
¢ 2 ¢ . N p ~ g~ Tyl
7H(Q7 ) — 2:[“gusp(as) In ﬁ + 2’7‘/ (Oés) . i S
TL:I:E T Tl P

e Scale choice: i ~Q, ui~wmw,  pg~up,

T IT
vg ~ @, Vg ~ [p .
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SCET, - p SCET ., Ty - p SCETy
L |I ‘I. \\\ 4 i I!l ‘\\ i \.\\
ol @ . ' @ @ 1@ @
] (Y
1 ! . . ! ! . P 1 ’ N
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We implement the transitions between these regimes using Heaviside 6 functions, resulting
in the final combined perturbative Sudakov factor:

Cr H dp? Q% 3 ) , s A2 72Q2 . .,
Sp(b)=— — | 21 — (1 — — | Oy —
p(b) = /TUQZ 112 n 2 9 (y — 10Q7) /fﬁQE 2 n 02 (py, — 15 Q7)
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Theoretical uncertainty
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FIG.c: The SSAs for W+, W—, and Z° production in polarized pp collisions at the RHIC energy
Vs = 500 GeV and rapidity y = 0, shown as functions of ¢, for various values of 79. The upper
and lower edges of the band correspond to the results obtained using the non-perturbative inputs
in the main text and those from [1308.5003], respectively.
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Theoretical uncertainty
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FIG.d: The SSAs for 7" and #~ production in SIDIS process at z, = 0.5, g = 0.2, Q = 25GeV
and /s = 100 GeV are plotted as a function of pions’ transverse momentum ¢, . The upper and
lower edges of the band correspond to the results obtained using the non-perturbative input in
the main text and those from [1401.5078], respectively.
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Resummation

A. Idilbi, X. Ji, J.-P. Ma, F. Yuan, Phys.Rev.D 70 (2004) 074021

The scale evolution of the Sivers function at one-loop order,
a i - f i
ga_gath(mr hr Hs I'Ca 10) — (‘B‘ (h& M 10) T G(’rcr M .‘O)) af;-QT('ra b M -T-C: .‘O)

Kand G are the same as those for the unpolarized distribution.

The scale evolution of polarization dependent TMDs iIs
governed by the standard Collins—Soper equation, since the

light-cone divergence have the same structure in polarized and
unpolarized cases.

72



	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8: One example: Sivers function
	幻灯片 9: One example: Sivers function
	幻灯片 10
	幻灯片 11
	幻灯片 12: Sivers Function and Qiu-Sterman Function
	幻灯片 13: Sivers Function and Qiu-Sterman Function
	幻灯片 14
	幻灯片 15: Transverse single spin asymmetries in SIDIS
	幻灯片 16:   
	幻灯片 17
	幻灯片 18
	幻灯片 19: TMD evolution effect 
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35
	幻灯片 36
	幻灯片 37
	幻灯片 38
	幻灯片 39
	幻灯片 40
	幻灯片 41
	幻灯片 42
	幻灯片 43
	幻灯片 44
	幻灯片 45
	幻灯片 46
	幻灯片 47
	幻灯片 48
	幻灯片 49
	幻灯片 50
	幻灯片 51
	幻灯片 52
	幻灯片 53
	幻灯片 54
	幻灯片 55
	幻灯片 56
	幻灯片 57
	幻灯片 58
	幻灯片 59
	幻灯片 60
	幻灯片 61
	幻灯片 62
	幻灯片 63
	幻灯片 64
	幻灯片 65
	幻灯片 66
	幻灯片 67
	幻灯片 68
	幻灯片 69
	幻灯片 70: Theoretical uncertainty
	幻灯片 71: Theoretical uncertainty
	幻灯片 72

