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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=BPH-24-003-pas-v10.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=BPH-22-004-pas-v8.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=BPH-24-002-pas-v2.pdf
https://arxiv.org/pdf/2506.07944

The quark model

Classical quark model

Color Charge Meson Baryon

“Exotic” hadron

Molecule Diquark-antidiquark

» (0O g

D™

= > 60 years of classical quark model tetraquark pentaquark

 Experimentally tested at high energies;
asymptotic freedom —Nobel Prize 2004

g g
* Success of Conventional Hadrons at low g @
energies: non-perturbative quark model
(confinement) —Nobel Prize 1969 g g O Cg A 7
= Exotic hadrons (Non-Conventional),
no definitive conclusion yet Glueball Hybrid

— currently a hot topic
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Heavy-Flavor Exotic Hadron States (XYZ Particles)

X(3872) [ucud| 24 exotic hadrons at LHC
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* Light exotics likely exist, but light-meson sector too messy for clear identification \
* Heavy-flavor exotics: larger quark mass relative to A,¢p, theoretical treatments more reliable

* X(3872), kicked off a boom in (heavy-flavor) exotic hadron, dozens of XYZ found
*Zc(3900), carries charge and couples to charmonium

* Fully-heavy exotic hadrons, promising and accessible for theoretical exploration
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Status of of all-charm tetraquark

LHCb ATLAS CMS

Sci. Bull., 65(23):1983, 2020 Phys. Rev. Lett., 131(15):151902, 2023 Phys. Rev. Lett., 132(11):111901, 2024
R — T T T Tt T T T T T T > 1) S RN I IR I BRI — T T Y S — 13817 (13 TeV)
= = b G [ATLAS — Sig. + Bkg. 18 SO arLas — Sig.+Bg. ] 160 1 -
g - ;:::wln‘al:)cf 8300:_ (s=13TeV, 140" Background 1 w [ E5=13Tev, 140" —— Background i -~ / - l + Data —Fit =
g’; — = Interference o E di-J/y ---- BKg. w/o Feed-down E 40 [ Jhp+y(29) - - Signal ] %’ 122 f y _gw1 ...ng E
] Interference BW = . ig. wio Int. i i [te} e BW, ackground =
E :ws ' %200; ll Z: Int(.)I : q % y e g» 0 | R BWi =
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m,, [GeV] m,, [GeV] ‘ My, [GEV] |
o2 oo
¢ ALL exp observe X(6900) + additional structure
Hump @ 6.6 GeV: Different modeling
Hint @ 7.2 GeV:LHCDb not consider; ATLAS 30 hintin J/Yy(25)
% CMS first observed X(6600) & evidence of X(7100)
% All exp use interference, but in diff ways

Yilin Zhou Exotic Hadrons 5



CMS Run 2 Result

CMS Run 2 mass spectrum CMS Run 2 Regge plot

Phys. Rev Lett 132(11) 111901 2024 N 0.61 54,
woé : I ' # " IR MCM'S' 'E ; - —*— CMS No-Interference e 52:_ —e— CMS No-Interference
10 ) _ = 0.5F Run || ~ CMS Interference S .
é 140;- Lg\%ﬁ’ _g'\th é @0’ - —=— Upsilon(18,28,38,49) 8 50:— —— CMS Interference
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0' &' . B g C 1:Y(2s)-Y(1s) 401
e Do o o 0.1 2: Y(3s)-Y(2s), X(6900)-X(6600) 38F o Chinese Phys. Lett. 41 111201
al> T ' 9 e F 3: Y(4s)-Y(3s), X(7100)-X(6900 c
55 °f . ﬂg ﬂ M%ﬁfﬁ%%ﬂéﬂ}'% C (IS) (3s), X( 1 X ) | 360 | ! |
) + —— + ................ ;,._ 0 1 2 3 1 2 3 4
7 m;i [GeV] " i~ ) Resonance Difference Index FISSONANES Index
Run 2 result: .'""'"""""""';;""""""""'.
' > Interference imply same uantum numbers :
. X(7100): 4.7 | ply same /7" i
' > > 200 MeV mass splittings ==> Radial excitations ? !
* [Interference < 40 | 7 72UV eV mass splittings ——~ Radial excitations + .
With 3.6X statistics: Cornell Model: V(r) = _gﬁ L oor+ ...
r
o ALL states over 50?7
o Interference over 56! A rqdial FAMILY of all-charm tetraquark states with same J°¢ ?

\_ J/
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J/Yi/y: Datasets, MC, trigger, and event selection

¢ Data samples [315 fb'] < Trigger of Run 3
* Run2: 135 fb! data taken in 2016, 2017 and 2018. HLT_Dimuon0_Jpsi3p5_Muon2
*  Run 3: 180 fb! data taken in 2022, 2023 and 2024. * Level 1 requirements: 3 muons
» Sional and Back 4 simulated e 295 < M(utpo) < 3.25 GeV
0 .
» Signal and Background simulated events: e (i) > 35 GeV

* Signal X - J/YJ /Y - uTu~utu” by JHUGen
/ “I:I— I/, HLT_DoubleMu4_3 LowMass [new trigger for Run 3 Parking data]
X — = Uz * Level 1 requirements: 2 muons
ud e 02<M(u*tu~)<8.5GeV
1y ]/ * one muon py(u) > 4 GeV and the other pr(u) > 3 GeV
o pr(utu™) > 49 GeV

*  NRSPS, DPS by Pythi -mixi
SPS, DPS by Pythia8 or event-mixing » Compared to only Dimuon trigger, LowMass trigger

. : increase 30% J /1] /1 statistics
1
o @y
p q 2_. q ]l/)
(12 Jh J 1 o .
% m@: L % Event selection of Run 3
. a2
p SPS p DPS Follow PRL cuts + A new trigger for Run 3

* Feeddown by Pythia8: X(6900) — J /Yy (2S) - /Y] /Y + anything
Feeddown from X(7100) in systematics
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J/Y]/y: Statistics of CMS Run 2+3

2D distributions of double-dimuon masses

Candidates / (400 MeV?)

Yilin Zhou

* Luminosity
Run 2: 135 fb"!

Run 3: 180 fb-!

* J/W]/Wyield
Run 2 ~12622 + 165
Run 3 ~31802 + 476

* J/WJ/ ¥ yield per unit luminosity
Run 2 ~93 events / fb"!
Run 3 ~177 events / fb-!

» Run 2+3 ]J/¢P]J/¢ yield is 3.6 X of Run 2

» Run 2+3 luminosity is 2.3X of Run 2

Baseline mass variable
— invariant mass of two constrained J/y candidates

J/Y¥] /P updated result




J/YJ/y: Signal and Background models

= Signal shape: Relativistic Breit-Wigner BW (m;mg,Tg) = — mI(m)

m% — m2 — imI'(m)’
= Background component:

2L+1
— 9 Mo (g 2
NRSPS + NRDPS + Comb + Feeddown + BWO [(m) =Tq (qo) l CACT )

*+* Non-interference model:

= Signal-hypothesis: NRSPS+NRDPS+Comb+Feeddown+BWO0+BW I +BW2+BW3

Pdf(m) = Z Ny, - |BW(m, M;,T))|* @ R(M;) + Nygsps - fursps(m)

+Nyrpps * fnrops(M) + Neomp * feomp (M) + Neeegown * freeadown (M)

¢ Interference model:
= Signal-hypothesis: NRSPS+NRDPS+Comb+Feeddown+BWO0+BW 123 Interf.Term

Pdf(m) = Nx_ - [BWo|*> ® R(My)

+ N gnd inters - |71 - €xp(igpy) - BW; + BW, + 73 - exp(i¢hs) - BW;|?

+ Nnrsps * farsps(m) + Npps « fpps(m)
+ NFeeddown ) fPeeddown (m) + NComb ) fComb(m)l
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J/¥]/y: Run 2+3 noninterference fit result

CMS Run 2 noninterference fit result CMS Run 2+3 noninterference fit result

180 135 b (13 TeV 135 fb™ (13 TeV) + 180 fb™' (13.6 TeV)

CMS S " o
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* Dips poorly described — no-Interf. model no longer sufficient !

> Let’s now look at the fit results including interference
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J/¥]/y: Run 2+3 interference fit result

CMS Run 2+3 interference fit result

135fb" (13 TeV) + 180 fb™ (13.6 TeV) 135 fb" (13 TeV) + 180 fb (13.6 TeV)

600 150 CMS preliminary | . F CMS Preliminary || Params [MeV] Run lI&Il Interf. Run Il Interf
> sk $oaa i A — Run2+3 M(BW1) 6593+15 + 25 6638+43+16
s r - -BW, - -BW, 7Y !

& 400 - —BW; Interfering BWs. r(ewi) 4461?2 + 87 440+%38+%¢18
g -~ Background M(BW2) 6847 + 10 + 15 6847+44+48
T 300 o
o
g r(BW2) 135715 + 14 191%§5%25
S 200
© M(BW3) 717343, + 13 71341384
100 _ r(BW3) 73*18 + 10 97139 %
S ‘
1S 9 . 7 1.5 8.5
T o Sy sm—
gz 0{@# }*{#ﬂ {i}g##ﬂh ﬁ#ﬁ*ﬁ{# & §+ & ﬁ#ﬁ#ﬂ%ﬁé < VS.Run Il result:
O LIl Telt T2 AT el 1w T 2 IR Tele TT | o § 9T,
) | v’ Statistical uncertainty reduced by a factor of 3
M yony [GeV] v' Systematic uncertainty reduced by about a factor of 2

» All states and dips well above 50!
» Quantum interference among structures validated!
» With improved precision, large mass splittings persist
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J/Yyp(2S): Run 2+3 interference fit result

= Motivation

« Seen in JIY]p, probably in Jlp(2S)? pr(Jp) > 11.0 GeV

« CMS J/Ynp(2S) analysis started at the same time as Y]/ in 2020 pr(1(28)) > 13.5 GeV
pT(p’inl[)(ZS)) > 2.5 GeV

= A background suppression with FOM value:
S: number of X(6900) in signal MC  B: number of background in data

S/(463/13 + 4v/B + 51/25 + 8v/B + 4B)
" J/Yp(2S)yield:

Kinyp(28) ID: Loose muon

Mass window for J/i and ¥(2S): 2.50 window

Run2~109 * 14 Run 3 ~281 * 22 Run 2+3 ~386 + 26
D T
N B F A N S T
ézoé— Run 2 — j:."’ézoé— v ¢ Run 3 — jE;zoE_ M V Run2+Run3—§
:_ *HH# i ﬂﬁﬂ . t## +++AHf+ LW :*+ . &J ﬂh ﬁ H W H+ ﬁHH m H# : + ﬁ MH ﬁ ﬁ ijmﬂ # #ﬁﬁ
m(w(ZS)J/w) (GeV) ’ s m(w(ZS)J/w) (GeV) ! e 8m(\|1(28)?1./5\|1) (c;eV)9
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J/yp(2S): Run 2+3 interference fit result

* Interference model:
Signal-hypothesis: NRSPS+NRDPS+Comb +BW23 Interf.Term Consider resolution and efficiency

Pdf(m) = NX—interf ' |E (rk 3 exp(i¢k) ' BW(m, Mkl rk)) |2 ® R(Mj) ’ e(Mj)

+ Nsps  fsps(m) + Npps - fpps(m) + Ncombinatorial * fCombinatorial ()

. 4 y
CMS Run 2+3 J/y1(2S) fit result = Constrain mass & width within lo of J/YJ/) values
1 135 fb" (13 TeV) + 180 b (13.6 TeV) X(6900) = 7.90
oF ¢ CMS Preliminary _ Dip -_— 2.50’
> - + Data — Fit X(7 I 00) - 4.00
E 20:_ 3 BW, - -Interfering BWs.
T L _ _Background * An independent measurement with J/Y//1) mass/width
g 15 .
5 F constraints removed
g 1of HY &R
© 4 AR e sl + + Params JYY(2S) [MeV] JpJIY [MeV]
51— ,o° ’a,%‘,’ \:‘,“ T I e >
A e Y M(BW2) 6876464110 | 6847+10+ 15
0 1 { " L n 1 1910 1 R T EigTR Th o e 1ava by
B8 oo g o C(BW2) 253*300%150 135715 + 14
8z o?...f{.,ﬁ%,.i¥.+++{.ﬁ.+%}¥_.ﬂ...i.ﬂ,ﬁ{.ﬂ*.H#H_ﬁ_.f+i...+.+.+i+._
i T Bt & T \ M(BW3) 7169125+74 717313, £ 13
- 7 7.5 8 8.5 9
Maywzs) [5Y] [(BW3) 154+ 3104100 7318 + 10
- J
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Spin-parity: Concept of Analysis---All Input

Angular observables

d Framework
" My, spectrum X — 4p — identical to Phys. Rev. Lett. 132 (2024) 111901
" Dr and | /4 of X — 4 — match MC to data
= Polarization of X — assume unpolarized

* Production angles [for data test]

e U7 :angle between beam line and / /1) momentum in X rest frame

* @;:azimuthal angle between production plane and decay plane in X rest frame

* Decay angles [for data analysis]
« & :azimuthal angle between two [ 71~ decay planes defined in X rest frame
* U7 :helicity angle between opposite of / /1), momentum and [ momentum defined in /14 rest frame

* U, :helicity angle between opposite of / /1); momentum and [ momentum defined in /1, rest frame

Yilin Zhou Spin-parity measurement 14


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901

Spin-parity: Simplification in Angular Analysis

% After symmetries conditions, 8 models of J¥ to test: - I =
iN7 / / JHUGen : Exi/awz Interference
0-.0r.0f. 1-.1%. 22 27 2% m: minimal dimension operators ' R <oy i
Yms Vo ’ ’ ms “~“hs“m . ) ) 400 /BW3
h: higher-dimension operators T s

300 4

" Full model possible, but complex

JPC - O++

:P((D, 191, ﬁz;m4ﬂ) 2
= Same properties of 3 resonances: |
?(7714,”, .(—i) == ?(m4ﬂ) . T(-(—i | m4#) ) 6 = (CD, COSHl, COSQZ) 6.0 6.5 7.0 7.5 8.0 8.5 9.0
empirical angular myy, (GeV)
= Pairwise test of /¥ hypotheses i and j
1 optimal observable — , , , ,
P; (Q | Myy) MELA Higgs discovery and spin-parity

D;:(Q | m ) =—= —
SO = & T + 2@ )

= Final 2D model:

Pijre(May, Dij) = Pe(may) - Tijr(Dyij | may)
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Results of spin-parity measurement

X Decay angles background-subtracted
* |D projections
 Limited information

* see 7 not align
* hard distinguish 17

Distribution of the decay angles

CMS 135 b (13 TeV) CMS 135 b (13 TeV) CMS 135 b (13 TeV)
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8150;— { et 1™ emarienee { """ T o T - = SR _'9150 llllllllllllll T ...........
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-3 -2 -1 0 1 2 3 -1 -08-06-04-02 0 02 04 06 08 1 {1 -08-06-04-02 0 02 04 06 08 1
® [rad] COs 6, cos 6,
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Results of spin-parity measurement

“*Optimal Observable
= |ID projection of data
P(2 ]| my,,)
Pi(2] my,) + ?j(!_f | my,,)

1 optimal observable
MELA Higgs discovery and spin-parity

Dy;(2 | my,) =

= Background ID projection
Distributions of discriminants

Control Background MC using Data sideband

CMS 135" (13 TeV)

- CMS Preliminary 135fb" (13 TeV)
600_""I""l”"I""I'"'l""l""l”"l""l"'_

- — Bkg. MC { Data ;

500(— N

S s S e B
© S 400[— —
e ] © - —

E 1000: {Data —Model 27, * % 3oo: : ]
— - © - ]
S 800 _ S 200 sideband =
% --- Signal --Model 0 & 2,, 2000 .
8 o - 9,0,.0,0m,)
: i ; 100} 9;} 0,,0,, © My,)

400  peeeeeeeed T e - ]

------------------------------------------ 0 ool by by e b g by by s e by g by g by ey

200 ¢ o 1% ' E
............... s 12 + ‘ ;
C_IIIIIIIl||l|IIIIIII|||IIII|I||I||II||||IIIIIIIIII E 1% + + * 5

0 0102 03 04 05 06 07 08 09 1 5 0o E
D, 079 ~"01i 02 03 04 05 06 07 08 08 1

. nN— — . _ o+ D:n-
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Results of spin-parity measurement

Distributions of test statistic q Summary of statistical tests

CMs 135 fb (13 TeV) 90CMS | X-=Jly )y 135fb~1 (13 TeV
0.08§— — (?_bserved 2 | |
E,o.oe;— g5 . I \ ’i‘_.—- 1 .—
5 0.050 5 10 d wllllrn'l i
N ok € _10 Tt . [
T 0.04 ~ 1 1 = | - " iR S N B il B
€ | -30
Soo03F e 0 - UCY 7Y b mmptcooov .
< 0 02; . 7.2 g_ =500 1 —_— (z)Eser;/ed - jExpelcted
g L - —-70 — 2 + 10 P+lo
0.01- 00 2 +20 JP+20
0:' e, . L et ) 2;, + 30 jPi30
-100 50 0 50 100 e —— o o T - - -
q ——211‘1(L07/L2;) \ m mix h m mix h
° [ ] .
Observed Expected Scan mixture of two amplitudes
p-value  Z-score  p-value  Z-score
o-vept 07 $27x1078 7270 65x107M 74
m of 42x10~ 02 0.50 0.0

2++

v'Data are consistent with model, inconsistent with
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Results of spin-parity measurement

s+ Combine 2D fit ?ijk(m4u'1)ij)

* PC =+ + very certain, very certain => Ix p-value Z'Scori
at 99% CL reject Jx
at 95% CL 0- 27x1013 f727

* | > 2 unlikely, require L = 2, L = 0 most likely

05 14x102  '2271 i
P _ o+ . mix l | mix
> J =2, model survives N 62"_ T 31x100 :_578-'
90_CMS X-=Jlwly 135fb~1(13TeV j :
1= 80x10% 52,
Y = - M| 1+ 47x10°3 1261
ol Y s Bl T
o T =N 2,, 41x107? 68
| —30r g EEEIBECE PP b T e B RERES R e m m mm mm omm mm mm mm mw omw omm m
I —sop . observed - Expected TR I\Z;ix 65 X 10_4 : 3 2 ] miX
o T aiiae pea 2~ 22x10% 1551
2} 30 JP+30 ‘_ —,
T o O of 17 1+ 2, 20mix 2;

arXiv:2506.07944 [hep-ex]
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https://arxiv.org/abs/2506.07944

Summary

» A family of all-charm tetraquarks with J°¢ = 2%+

= X(6600), X(6900), and X(7100) well above 50

==> Multiple states makes comparisons possible
* Quantum interference among structures validated well above 50

==> States have common J’¢, measured as 2%+

" Large mass splittings, more precisely

==> radial family of states

o
¥ CMS is painting a coherent picture of all-charm tetraquark structures!

THANKS!

Yilin Zhou Summary 20
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J/¥]/y Run 1l & Il interference fit result

CMS Run 2+3

135fb™ (13 TeV) + 180 fb™ (13.6 TeV)

s00 - 150 CMS Preliminary _
¥ , Dominant sources Ampy, Algy, Ampgy, Algy, Ampy, Algy,
3 oo * e _;V Signal shape 25 52 2 11 3 5
8 o . —BW, Interfering BWS. NRSPS shape 3 7 <1 1 <1 5
?@ : - ; ~Background DPS shape <1 5 <1 <1 <1 1
g % | TR Combinatorial bkg shape <1 22 <1 2 <1 4
S Feeddown <1 1 <1 <1 <1 <1
Mass resolution 4 58 15 7 12 5
Efficiency <1 + <1 <1 <1 <1
| Without BW,, <1 29 2 3 2 1
HE Total uncertainty 25 & 15 14 13 10
a5

My [GeV]
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J/¥p(2S) Run Il & Il interference fit result

CMS Run 2+3 )
Dominant sources Mxgo00) I'x(e900) Mx(7100) I'x(7100)

135 b (13 TeV) + 180 b (13.6 TeV) Signal shape +29 +79 +22 +131
psl CMS  Preliminary NRSPS shape +14 +54 +14 +29
C }oata —F Combinatorial background shape +15 +51 +15 +20
E’ 0 - . Mass resolution +5 +7 +5 +9
s ¢ v iy BWz - Interfering BWs. Efficiency +7 +27 +7 +10
3 1k - - Background Add X(6600) peak +104  +14 +61 +31
g E Fitter bias i—?l fé? J_F%Z 0—80
2 1f +110 +120  +74  +140
§ || l + }L lote. ~110  -120 -70  —160
5 E_ ¥ +/ " 17 1
o . , '~~nuf.vf......r...-...;...-.m.@...,f..._.,. — _J} = Params JPP(2S) [MeV] JJY [MeV]
Eg 2 $7 e S +46+110
g ooy i IR e 6076%5Ti0 | OBTEIOETS
= S 73 ; - d r(BW2) 253100150 135535 + 14
M,yy(zs) [GEV] 9
M(BW3) 7169125178 717343, £ 13
> Significance of X(6900) = 7.9¢ T(BW3) 15475;%156° 7315 £ 10

» Significance of X(7100) = 4.00

ATLAS only claim X(6900) 4.7c in ] /[Yp(2S) channel
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J/¥p(2S) Run Il & Il interference fit result

Only consider X6900

135fb™ (13 TeV) + 180 fb™* (13.6 TeV)
e e e s

T T T T T T T T
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=

7
3
3
=]
®
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25

M(X(6900)) = 6841 + 14 MeV
'(X(6900)) = 150 + 28 MeV

¢ Data
— Fit
----- X(6900)
Combinatorial
s SPS
DPS

Candidates / 40 MeV
N
o

Significance of X(6900)=7.5¢
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n—Q—c
»—Q—c
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I ;ﬁﬁfffﬁf"ﬁ.'"'fﬁﬁﬁﬁﬁ'fﬁf':'ffﬁf"'ﬁﬁfﬁf'ﬁ'fﬁffffﬁfﬁfﬁff'fﬁﬁ"ﬁ'fffff'"ﬁff"ﬁffﬁ...__.__ Deviations from fit: Something more?

............................................................................................................ ]
m(y(2S)J/p) (GeV)

x2/ndf = 0.82
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Update of J/yy(2S) from ATLAS

= Simultaneous fit of 3 channels: arXiv:2509.13101
iy, )y (2S) [4u], Jwy(2S) [4p+2r]

Model C: Simultaneous fit for J/ywy(2S) [4u and 4u+2m] ATLAS 2023 paper

% 50l_| I LI l LB l LELEL I LR l LB l LI I L l T Y_I % I_I L] l LI ' LR ' LB ' T I T l LELELI I LI I LI l: PhyS_ Rev_ Lett_, 131 (1 5):151902, 2023
O - ATLAS — Sig.+Bkg. ] O 35ATLAS —— Sig.+Bkg. = > sofF T T T
) " {s=13TeV, 140 " w0 C s =13 TeV, 140 i’ . o [ ATLAS —— Sig. + Bkg. .
~ T Background ~ . aF — Background 1 [ (5=13 TeV, 140 fo"
S 40 wey(2S)—=4p ) _ O 30 Jy+y(2S)—4u+2n -] l‘,\’ - VS= ev, —— Background
o L - Signal 4 o - Bkg. wio Feed-up 1 S 40 [ Jhp+y(29) -~ Signal ]
— — - - - -
0 L { Data . n 25H Signal — S —— Data
g 30F { & _F { oa ‘ 2 I ;
0} ] C ata . = L ]
@ [ 1 @ 20f = 280 ]
] 5 E 20f :
104 Is 7 L)~ : {’ (e)
. | : 10f * ]
aol N G.‘I.x‘lxlll'llllllrll JJAI' - Ql| " l,.;.: GI‘L-l"I'lrl:‘i‘l-OILJ*IIII.I 1
9.5 10 10.5 7 75 8 85 9 95 10 105 775 8 85 9 eV
m,, [GeV] m,,..., [GeV] m,, [GeV]

* X(6900) 8.90 from model C
* Set a upper limit of 0.41 @95%CL for X(7200)
* In ATLAS 2023 paper, X(7200) 30 in )/yy(2S) [4u]
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https://arxiv.org/abs/2509.13101

Spin-parity: Simplification in Angular Analysis

® Symmetries:

— P & C conserved _ N e
in QCD: X with definite J

— identical J/y bosons 4, ; = (— I)JAM1 C =+1
A, = PD'AL L,

— angular momentum: [4; — 4, | < J

.............

Sy §ﬁ++:
N A__:
o AOO Test 8+ J)I() models:
A ot 0~ A, =—-A__ _m:minimal
><3&4 A+0 0"t 0 and O;IL A,.,=A__and A, <« note?2d.o.f. _h : high complexity
A0+ 1= 1~ Ag=—Agy =A o= —Ap_
I ++ 1+ _ _ _
1 A= —Agp = —A_o= Ap-
— ?A_O 2=t 2-and2; A, . =-A__andA = A, =—-A_o=—A,_ < note 2d.o.f.
5 : m no g +0 = Aot 0 0
4 \ AQ— o zji Ay =A__Ap A=Ay =A g=4Ap_,andA,_=A_,
P :
: +-
I[Y) A_, \_ note 4 d.o.f. for 2%, test one model
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