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GENERAL FEATURES

® Global analyses of v oscllation
searches aim to :

B Assess +he <totus of o\ spao&-}l{c
hgpoi'hufs »> xz Stahshes

B Select befween two (or more)
hgpo{-heses -+ AX? statishes

2 Ingredie,ni's :
B Experimental date
® Theoretical calaulotione

# Construckon ond anahjsis

O-S— 7) X'l —funcHon




Ast ingredient : EXP'.'. v dofa

Impressive and decisive. progress in +he
last few years — largely covered by
QMPert'rmwlnl talks at Hus Coufwwce

In covnechom with ﬂbobal analyses, let
me jusr odd a ge.mml requasl— to
wfaerimwhust‘s :

Please always give emough Fubuc
wformakon to make your da ko
expectations coleculable oufside
Your collaborakom

Somehimes , lack a{_ Fubu'shed iu,fo
Wy prevemt full wnder stomding

proper use 0{— daha & errors
im global analyses , outside the
collaborakoms




2nd Ingredient: Theo. caltulations

Significomt progress n s0-Called
\mi{-ied calamlations, namely,
analyses where previously disjoined
hypotheses (Hy X Hz) become sub-
Cases of o wore geveral wwdel (H)
umder variakouns 0{- Sowme ?ammem

H; = H ()

H, H, UNIFICATION
AR “ use both octants,

& < Va Vi » /4 ton® i
SOLAR V SOLAR ¥ :

N dsrn St VaC - Quasivacuum » Msw
ATMOSPH. ATMOSPH. ATMOSPH.

Yu Ve Y >Ve 3Y osallohows
ATM. v 0SC SOLAR Y 0scC. TWO-SCALE
AMtsolar =O &mia.l'm =00 ANALYSES
PURELY ACTVE  PURELY STERWE ACTIVE @ STERILE
Y OSCILL. Y 0SciLL. OSCILLATIONS

4y (2+2) 4v (3+4) Generic 4Y spectro,
STANDARD NONSTANDARD STD + NONSTD

INTERAQCTIONS INTERACTIONS

INTERACTIONS

LA N |




AdvanTages 0{» unif{wl analyses :

B Deeber understanding of
osallahon Phgsics

Ll Homoaeneo us Coupor sou

hypotheses Huz : AX= xszt).—k?(P,)
Obvioms disadvantages :

® Number o{- theory ’Parawzi‘ars
and 0{- avalyzed dakh generaliy
\WNoreases = Results of stalskea)
omalysis less easy to dw’Fher

A fow examples out of a Iarge litergture -

29 :  Quosivacuumr solar » 0sc,

3V Two mass scale omalyses
4y : Achve + sterile » Nwixfug,




2Y : Quasivocuum solar ¥ osc.

Beﬂ'e.{“ wnders‘rqwdivg ot oscillation
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Triedload
E.L., Marrove, Moutawans, Falazzo, Peteov




6m? (eVv?)

33 ¢ TWO MASS SCALE ANALISIS OF (HOOZ

CHOOZ boumd tom be safurated either by
iﬂ{.%‘fvi‘dﬂ 943 or 6“'1;0[‘“. or bOth

CHOOZ data (14 bins)

1
-5
e Lo m222x 107 (ev?)
.’H'—"\__tanz"j 12 = 0.42
1 Excluded
i !.
L 3
i
90 % C.L. :
-~ 99 % C.L.
diof. =2 ;
10_5 el etk 0
107" 107 1072 107 1
2
tan™1B4;

- Relevant™ fo assess proper 3 upper
bounds on 3M3oar ond 643 "

Bilemky , Nicole' , Yelcov
Gonzalez- Garao. el al.
A . Morrone (@ Noon 2001

-




+m? (eV?

+m? (eV?)

33 1 TWO MASS SCALE ANALYSIS OF ATM.Y

PerturbaHons a{. awspher|'c Y
allowed regions for Smia #O
omd/or B43 #O
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- minimuwm value of Amis, stable (Letkr
— relevant for LBL pwysics poteuhal

QOMM\EZ-Q&FU'J\ X Maltow 3 Sf“rumfm} Feres &Smimw“;
A .Marvone @ NOON 200! ; ....




4y : active + sterile ¥ mixing

Several results™ Cle.ﬂl"[l:j Show +he
need To bueak up fits into separafe
dal set contribuhous

E.0., o recout wwalied (pre-SNOy)
4y global analysis shows that (valeeral)

GLOBAL RESULTS GIVE -..

3+4 (4v) : BEST FIT

2+2 (4vy) ¢ A.X"‘ =33 —> accephble

3+0 (3v) @ AX'=19.8 > formally rejectd \
... BUT DATA BREak UP REVEALS

3+4 : tension between acc/reac dafa

049 : u u Solar/atm  daka
3+0 . " 1 LSND M 4." other Ol.ﬂthk

Then one Whos wore 2lemoants
T mccapk/ reaqol' |

* Giumh el al} Clomzaler- Gardia Peika - Garay, Bﬂ.ha.u);
Nasuwda; Barger& al.; Valle & al.; Peres & Smirnov;
Fogu k ok, ..--




E-g- . Yension between
sterile ¥ ‘ch.l-iow
in solar ¥ osallaNons ....
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In general , analysis of dak
Subsels MSQ-FMI t wndershimd,
gbobal yesults

Maximuwm 0{- im{-or‘mmh'ou reached
when  iwdividual wmpouwt
are  resolved

- Situwakon almao(ﬁ reolized
i Other arvas O]E Phﬂsiccs
(Q.g., clectroweok. brecision %l‘s)




Winter 2002

Measurement Pull (Q™2_Q)/gMmeas
_ 3-2-101 2 3
Aal® (m,) 0.02761+0.00036 -.27 A
m, [GeV] 91.1875 + 0.0021 01
,[GeV]  2.4952+0.0023  -.42 =
oo [nb]  41.540+0.037  1.63 —
R, 20.767 +0.025  1.05 =
4 0.01714 +0.00095 .70 =
A(P.) 0.1465+0.0033  -.53 =
R, 0.21646 + 0.00065 1.06 s
R, 0.1719+0.0031  -.11 -
g 0.0994 +0.0017 -2.64  "—
AL 0.0707 +0.0034  -1.05 =
A, 0.922 +0.020 -.64 =
A 0.670 + 0.026 .06
A(SLD) 0.1513+0.0021  1.50 —
sin07(Q,) 0.2324+0.0012 .86 pami
m,, [GeV] 80.451 + 0.033 1.73 o=
I, [GeV]  2.134+0.069 59 -
m, [GeV] 174.3+ 5.1 -.08 |
sin“0,,(VN)  0.2277 +0.0016  3.00 ——
Qy,/(Cs) -72.39 + 0.59 84 =

3210123

LEP ElectroWeak workl'uj group




SNO

DN
SK

SNO

DN
SK

Ga
Cl

SNO

DN
SK

Ga
Cl

v oG & .E-irs*‘ apphicakom to solar ¥
(kroskn & Smirmv_)

LMA

Just—so

-3 =2 =1 ©# 1 2 3 3 =2 =1 @ -1 2 3
D, o D, o

Alco : A Xu.Swurnor @ Hwis Cou\.{-bwa.cu_




However, previous examples of “pull”
avalyses do wol represeut Tume X2
dewompositions | siuce :

X*# Z (putt)*,

due to ceorrelahons awowq umeertainties.

(lssue 0‘- correlabions is beconming woore
ol wore cruaal for current o

Pros}zo.d-we, omalyses ) .

Q. s it Jgassible_ o gei‘ a real X°
decowmposikion (» dia3mUmh‘ou“)
of the Kiwd

X%, & Z(putt)” 7

puet
Q. YEs.

This is a am\ result, that we
opply to a novel amalysis of solan

v dok as a -Ffr‘sf' a»PPL\‘cal-fw. ¢ Hol |-oP|c.'
(we blav tv do +the Sawmme for* ad‘m)’).




Detailed ?mo]ts ol
results will appear im
o —Forl'hc;ova/ﬂ 'FI“QPPI'M_:

W Gettiug the omost —Frown +he. stahshea)
m\,{jg{s e{— solar mantrive osulladious”

by Gl Togh, €L, A-Marrre, D. Mouhwiwe, A Falozso

—> Jowme resulfz




BASICS

Global shatishcal amalyses weed the

—E‘OUDWEM iMﬂY‘@df%‘fg:

B A serol N axFerimwh\ observables
iR:-I,HP} nedjse; N

m A sebol N theore Keal ?mdxch'ms

{R;l;hwi m=4,...,N

/

® A set of N errors, umcorreloited
owmong  differeut observables (c.g., stakishial)

{’Mn} m= 4]‘-'}N

B Aset of € N-k correlated errors

k k=4,..- K
ic'nr M:i:.-.:N

wduced by K slds’rbmh‘o ervror
sourtes on the N observables.
Tipically: ck . Im Ry™? AL, x,
Wm Xk
Xy = syst ervor source.




TWO SEEMINGLY DIFFERENT X's

“ Covariance” approach
B Build Spm = SumMUnUm+ Z Cﬂkxcwlf

# Coleulate me-z (R RA) G, (RF—Ri)

" Pull” approach -
m Shift: Ry — R+ Zklgk sy
wilh {€ey=0 , <ghd=1
B Add pemalty fumchion amd mimimize :
. 2
X%““ = Mmin Z (R\?‘P' R:hag* E%kc“k) + Z gz

o X%ul[ ?

1+ 'I'IAI"‘HS W" Ml'- o




This is a powerful amd wuse
Shhsheal Pmsut‘r: Proof- gim
N {orl-hoow/wg paper.
We. have reamtly lavned Hiat
Hus Hworem has bewm previously
omd indepeundentiy im
‘+he coutext 0{— parton  olstiri buhov
fitting , where it is now routively
witd M. Sloloal ama Wses;  see
the dechrowic broceedings of Hh
march 2002 workshop ou " Advamol
Shtsheal Techwiquesa v Tarkcle
Plwysics " (Durham, Uk) ; talk
b'\j R.Thorne .




Although X eowar = Xouwll , e use of
X}ml! provides wamy advantages, e.g.:

et A e e

B Miwiwmizahon over €x's in )(Puu
Is analyhcal , amd requires owly
KxK walrix inversion — to be

coutrasted wiHy NxN covariomce.
im‘am'w, N>K.

B A vunimum (?k = g;-,) : )C_;ull
is “diagomalized "
2

N e = ok -
X.:w.ll = &£ (R‘?ﬂR"‘ = 265 ) ¥ 2 I::z
n=i Un k=i

" K
= "Zq (Pu%)?' + 'LZ;_ (pu!ﬁ)z
A _T t?mllﬁ a{-
Pﬂ‘tu; ~vables systemahcs

2

- GET ULTIMATE X DEWMPOSITION,
EVEN IN PRESENCE OF CORRELATED
ERRORS

-> We Whave cowmpletely redest ned

aur solar ¥ shtishwal amalysqs
W Terms a%- ?u.lls




APPLICATION TO SOLAR

N=8l observables nduded :

4 Ct absowk rate

4  Go absoluke rake (SaGE+GAUEX /GNo)

A Ga W-S difteremce (GAuEx/ano)™
44 Sk evergy -vwdir absolute rates
34  SNO dey-uight emergy Spectium vates

84 ol

Associate  umcorrelated errors M,
Shatisheal ng ) xeepl .Por Cl amal Ga
where

Uy = @R ) (U )

t )>

* incluoleo| ‘F‘Jr Hae -Fi‘rt:k Ramme




K =23 sources o{- syskwahc correlated
uwmeerhainkies included :

844

S33 A2 SSM systewnahics Xk,

S?::;q propagated fo SSM -was

#éBL < @, as ™

L;:’;?m@ G+ 8; (14 Z ik Aaks)
X

- SSM Log-dleriv.

Opaa

ngu:?w ~fow Balcalt & od

8B ¥ shape « FB ¥ spectrum hape umeert:

SK stale
Sk fesolkow & 44 Sk sources o} sysfemalics

Sk offser correcHy propogated to
+8 3k E-bin syst. all 44 bins

SNO Scale

SNO resouh on

SNO verkx accur + SNO WS{' i’WPO ot
SNO n c.n,Ph,\n_ < %smah“; covrrec

SNO w backg. Propagated to all 34 bius
SNO LEbn,;_ks.

SNO cross Sect.

* Aln ‘S"’“P =30% assSumed

#* Propagated for the vl hme also to
C{a,agl’,, aM-dFO SNOﬁWﬂm (z all obs.uwulales)
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_,GALLEX/GNO Winter—Summer contours at +10
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ém? (eV?)

2v active oscillations. SNO
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ém? (eV?)

2v active oscillations. all data
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® What do we learn »mea obs. + sys. Full
dme‘osin} X}ullz 3!;5‘*'}(;55 [4

Am-l (Qf\‘ﬂ) m19|1 ngbs x'ls\:: x,léull A)(lpull

LMA 55x0° 042 303 21 78 -

LOW 65107 075 739 48 823 +99
QVO 6.5x10° 43 750 60 8L0 +82
SMA 58«10° 44x103 815 133 952 +22.4

B LMA sowmhon wivamizes both ngs
omd X},gg. In parhemlar, )(1559 is very
Swoll —» wo emidemce for wuiscalbrted
Covrelaked s'gsl'ewwchs im LMA (eiHuwr
SSM or Wperiwwhl)

B Al other soluhons (Low, QVO, SM4)
aive “evidemce” for some. “wuscalibrabion
esther in the SSM or im Sk / SNO

B More iﬂfo -Erowm iwdlividumal Fulls—a




Observable

Pull (expt—fit) in o units

GALLIUM RATE

SK [5.5, 6.5]

5K [6.5, 8.01

SKI11.5, 13.51

SNO 7.0

CHLORINE RATE ——_

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

e e e e e e e

SK[13.5, 16.00

1_:_,:K .[.I.ﬁ.l.ﬁ.:.zo.m. wipis

s L A ELE LA ke d b s - LLLEETE LT ECREEEREE S LS, R RN o e

TR ) SR R e S ...,

LMA solution

ém® = 5.5 E=5 eV?
tan®8,; = 0.42

= 70.66

2
X obs

+] +_2 +:_5 +4

Distribution of pulls of observables
Meon = 0.03 Variance = 0.87

o No anowalous

lorge. pulls of observables

e Pull distribubon™ A0k, bulF yoiamce
o bif swmall ;| wmainly oue ko SNO




Systematics  Pulls (o) for LMA solution

gy — B otk
S33 -0.02

S34 +0.06

S1,14 ~-0.12

S17 +0.33 o
Luminosity +0.05

/X +0.06

Age +0.01

Opacity -0.07

Diffusion -0.04

CBe -0.06

1 B =003 .

8Bshape ... b AR :

SK scale +0.81

SK resol. +0.68

SK offset +0.44

SK [5.0, 5.5) -0.04

SK [5.5, 6.5] —-0.26

SK [6.5, 8.01 +0.52

SK (8.0, 9.5) +0

SK 9.5, 11.5] -0.1
SK 11153300 -0.2
SK[13.5, 16.0] +0.26
SK116.0, 20.0] +0.01

SNO scole -0.12
SNO resol. —-0.34
SNO vertex +0.12
SNO n capture =0.12
SNO n bkgd =0.07
SNO LE bkad -0.17

o No iwdicakions for ofisets of
correlated cyshwahcs , exceph

perhaps sowme Sk ones G ity o wigh € )

® Very close to Ydeal shhsheal
colwbam " Wik 2eno offsets %15-0

e Note excephiowal o4repment” wikh SSM




Observable Pull (expt—fit) in o units

-4

+1 42 +3 +4

CHLORINERATE :
CALLIUMRATE = -

ﬁ!‘.‘.!?..D...ﬁ..?!!....._...._._
SK 5.5, 6.5]) MANTLE

SK[8.0, 9.5]

5K 9.5, 11.5]

............................... A SRR e A R B L

SK [11.5, 13.5) P e———

SK[13.5, 16.0]

ék"t'i'é"éi"ié'éifﬁ_'ﬁ_'ﬁ;.f::?:::jfjjfj,"""'""'"

LOW solution
6m* = 6.5 E-8 eV?
tan’8,; = 0.75
x> = 77.9

obs Distribution of pulls of observables
Mean = 0.04 Variance = 0.95

Pull daghr buhon @Jf observables A0k
buk-....




Systematics  Pulls (o) for LOW solution
~h =3 <2 =1 O 41 42 +3 +4

51 +0.24

S33 +0.13

534 -0.41

51,14 -0.1

S17 -0.44

Luminosity -0.11

Z/X —-0.44

Age —0.03 A
Opacity +0.28 E
Diffusion +0.22 B e
CBe +0.08
aie: PRSI . -« SHNSROIL I S

SK resol. +0.72

SK offset +0.62

SK 5.0, 5.51 +0.05 SN .

SK 5.5, 6.51 -0.11 Ee o B
SK [6.5, 8.01 +0.67 .
SK [8.0, 9.5] -0.08 PR =i :

SK [9.5, 11.5] -0.22
SK111.5, 13.5] -0.29
SK[13.5, 16.01 +0.31
SK[16.0, 20.0] +0.01

SNO scale -0.81
SNO resol. -0.18
SNO vertex -0.56
SNO n capture +0.47
SNO n bkgd +0.28
SNO LE bkgd +0.39

SNO cross sec. -0.17

M T ksl Lt ot DT P PPURS PSR -SPEL SNSPUURE (N [N SR P S

.+« wore provounced  preference.
for wonzero oﬂ-szi‘s of syskwmmahis,

“Recalibrahion " of  syskwmakics in
OPPoeiha_ direchow woauld emhomee.
He Low UWkeuhood




Observable Pull (expt—fit) in o units

S EE R
CHORNERAEE .. .. .o : = : :
GALLIUM RATE :

SKI5.0,531 ..

SK [5.5, 6.5] MANTLE

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

SK [8.0, 9.3]
SK 9.5, 11.5]

SK[11.5, 13.5]

SK[13.5, 16.0]

QVO solution

&m*=6.5E-10eV?
tan®d,; = 1.3

Xopy = 1497 Distribution of pulls of observables
Mean = 0D.03 Varionce = 0.92

Pull dustribuken ~ Ok owt oue lonoe
(>25%) outler = Chlorme..

Moveover. ..




Systematics

Pulls (o) for QVO solution

S11

S35

S34
S1,14
S17
Luminosity
Z/X

Age
Opacity
Diffusion
CBe

SK scaole

SK resol.

SK offset

SK (5.0, 5.9
SK [5.5, 6.5]
SK [6.5, 8.01
SK [8.0, 9.5]
SK [9.5, 11.5]
Sk [11.5, 13.5]
SK[13.5, 16.0]

SNO scale

SNO resol.
SNO vertex
SNO n capture
SNO n bkgd
SNO LE bkgd
SNO cross sec.

—4 =3 =2 =1 0 +1 +2 +3 +4

anbsnsan s R R pr e rern el srabarens solab s e vhissshn i snonada g nraryfuarprnrfossnca ol

WdicaHoms

-For VOMRNO O H—sqj‘g

(o fferent from LMA, LOW cases)




Ewn fhwmsiaswm {or‘ these small pulls rzsPans:'Ia!L
for 45 -year olefour own “\ swmall wuxing physics....

Observable Pull (expt—fit) | in o units
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SMA solution

§m® = 5.8 E—6 eV*
tan®d,, = 1.1 E-3

z e
xobs = B1.45 Distribution of pulls of observables
Mean = 0.08 Variance = 0.99

DISTRIBUTION OF PuLL OF OBSERVABLES
STILL ACCEPTABLE BUT....




Systematics  Pulls (o) for SMA solution

Luminosity
Z/X

Age
Opacity
Diffusion
CBe : SRS =S
Shep
8Bshape .=Vl . o
SK scale

SK resol.

SK offset
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SK[11.5, 13.5]
SK[13.5, 16.0] T E 5 2 i
SK[160,2000 4002 & 5 it 1 i 5 il
SNO scale i o : Tt
SNO resol.
SNO vertex
SNO n copture
SNO n bkgd
SNO LE bkgd
SNO cross sec.,

v« FIT REQUIRES RELATIVELY LARGE
AND SPECIRK. OFFSETS IN SSM, Sk,
AND SNO SYSTEMATCS.

LARGE OFFSET also for 8 v.sva.rz.
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2v active oscillations. SK+SNO
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Under “time reversal” ( ¢ expls. before
radiochemical omes) , interest im SMA
would l/w.\fl ‘oezn mucihh swaller .. ..




ém? (eV?)

2v active oscillations. Ga+SK+SNO
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.. Ga dak. would then shrink B, ramge




é6m* (eV?)

Cl relevamt fof“
5“]%“’
2v active oscillations. all c@to
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o amd final ' Cl dak would shil be decisive.
However :  CE bull in remairvimg soluhous
's >, 26 . Shhskwal Huchwabow 2




WHAT DOES IT IMPLY FOR
THE SSM 7

® Remewber thal shifts '{.‘. of SSM
SYstemahcs indue shifts of SsM Hauxes:

A¢ 12 =
— = k oy AlM/X
P g % , K

o 1t cam be proved that such sfts
outowmatically Sabisfy the luminosity
C(NL9+WW1' ( bonus of [JM.U MUijS)

® They tom be related to “effechve ‘fTampeanm"
SWafts through power-laws &; oc(t )

%c)e X é%/?'




Shifts from SSM for LMA solution

v flux shift

"temperature" shift
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Zoow\iug in on the LMA

Fractional v flux shifts x 100
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PULL ANALYSIS INCORPORATES SSM
FLUX SHIFTS! - aud Mﬂm

whaere ﬂﬂ:’ Covni ,g:row..l.




CONCLUSIONS

® (lobal analyses of ¥ oscillabous
ctude Tmcreasimg chrge, dob.
sels M/OP LO.I‘SQ. (“uniﬁ@d")
pammerw Spawces

® From Auch amalyses, we have
already learned a lot about 2v,
v, omd 4V osdllakon Phwysics,
omd aboul” cousistency of dak sdts

® Highest- Yesoluhou cousisteucy
checks are Passible trough
stalsheal ooy S8 v Terms O{?ulls.
x;ull o Ewur ) bbl'- X‘ZPHII wumch 5l‘|M-PI€P
owd richer in OIAT:Pur' iAkF)ﬂMHW.

L APPUC&HW 4o solar ¥ allows to
localhze S?aa’-[-}'c. SSM or experimentn|
problewms of nou- LMA soluheoums,
omd to Fmbq He SSM in a novel way
)\ 3&0& coudidale to become

the “shwdard tool" for amy
Kiud. o{- global aualyses




