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The $andard Modd (@t t he ren. level)

iy 1
Z,;0! ;| 7 Wi daas gauge
e = +|DyH|?! V(H) symmery breaking
+ X\ Bi! | H Ravor

* An extremdy successf ul synthesis d particle hysics
* (in compact not ations)
* | =123: famly index



Fe&mion content

* #i=(eled u) (Orac ginors) g=(e@®), ()=Ve!usg), .

* A 4-component Dirac inor # has 2x 2components with debite dirality

%): 1!

\IJL,R - > Y

* A cauge ymmery can mx dl the p&ls with same brentz quant um rnumbers
<zcan act indgendently on &, &r (chiral symmery):

S®Y=SWxS@' | 042 o | W0 o

U+ 8@l U + U+ (9), (9! Y ,(9 + (9, Tr
= U ,0g + ¥ ,0g
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2-component Wey!| fer mions
(the fundamant al dbjects)



Femion quant um numbers

" 1
Z,i0! ;! ZFS‘! Fan gauge
L = +|DyH|*! V(H) symmery breaking
+!ij !gi!jH [Ravor
G = SB)cx SW2)w x Ul)y SWB) SW2) Ul
Li T 2 -1/2
L e 1 1 1
L= & Q = <3>
3 2 1/6
0= Ga =
a= 1,2, 3 (color) LF 3* 1 13

ox 31 1 213



Fa&mion mass terms

i Weyl fermions !
Most general mass term: ”;j |RA R %! !
I B e I EE I QM ajorana0
SEiSRARLESuSNS. breaks any charge d !



Fa&mion mass terms

i Weyl fermions

Most general mass term:

g

2

’L-

J

I Il
SEERG e T RELA N CIRAR SR s B
2

— u
A g Y

QM ajoranad @iradd
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Orac ginors turn

out usef ul
(all the SM

fermions exoept !)

e.g. electron mass term: me“e



Fanly replicat ion

.Y 1
3,i0! ; — ZFSVF""“” gauge
e = +|DyH|>-V(H) symmery breaking
P RLL RN Ravor

SWB) SU2)

#i= (& QUi o) <2 famly =" 1 ] ;

3 families<—3 identical copies
of t he ame (educible) repr

4 L 31 1 13
WHY?"

ox 31 1 213
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U3)

. 1
g,iov, ! ZF;;! F an gauge
®=  +|D,HJ]?! V(H) symmery breaking
+)\;;9,V,H Ravor

Fanily replication <—he gauge lagrangian cannot t ell families <—s U3)° invariant:

0 Ly
LT UEL;
c e ¢
el U,L-j el

) SEARATE USQ]- " poauge | pgauge
i U
Q d€ ic
dS i e

(U3) "' U3)in S@O0) gauge-uniPel nodds)
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U3)

" 1
9,iDV; — - K, Faaat gauge

wh=  +|DyH|?—V(H) symmetry breaking
+ )\ij @i \Ifj H Ravor

Thesymme ry lreaking lagrangian is U3)° invariant:

L

C
(@ (76 (@

e O Ung o I Y=mal RSy

(03
C u C
u; = Us u

J
c df e
G+
The ymmery breaking itself H =" A iIG°$ s HsoUR) invariant
V2
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U3)

EEEEA 1
UiiDU; — ZFSVFaW gauge

Lii =  +|DyH|*—=V(H) symmetry breaking
+! i \Ifi \Ifj H flavor

TheRavor lagrangianisnot UE)° invariant (winless(ij = 0

L&y = A efLiHT + A\ dPQiH T + A/ ufQjH + h.c.

L
C e Le Ja
e e Al Ul AgUp

WP o Qs s
us! Ugue  Ap! UligUg

C d® qc
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The R&0r Sector (at the ren. kevel)

* [Despite the rich Ravor struct ure:
¥ Nolepton a baryon number violation
¥ Noindividual lepton number or CP volation in the Epton sector
¥ All family violation and @ vodlating dfects (neglecting) oco
- reside n the qiark charged arrent
- are encoded n a wnitary 3x3 matrixV

* Individual lepton numbers: eg. Lecorresponds to €°! € " €%, Le! €' Lg,
Total lepton number L = k+lt+ls: corresponds to ef ! e 'Yef, Li! €°Li (" i)

Bayon number B correspondsto Ui ! e "uf, df! e dt, Q! € Qi ("i)

* The transformations @rresponding to Le Lyls L Bare dl part of U3)°
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B&L

Ly =!7efLiH +!7d'QH +!/ufQH +h.c.

Gt et 0;

- TH: i

| lar,

Li £ L C l fag . C

L SEEEN A (VB A M

& € e C | NPT

- B

di : & di

are both symmetries of L avor
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Lept ons

Eepe= s ecl i+ R dFO R -+ Ut O H e
=mfefg  +mPdid, +miufy +hc mpTT =
+Higg s interactions
Lepton mass egenst at es:

M= = UgMgagUe , With Uge, Ue unitary, mg,, = Diag(me,) !

|
e=t ) 5
2 U” £ — miefe; + h.c.= m.eje + hc = m,BE;, m,=0
23 = TN
it LE
Extend to an U3)° transformation phase anbiguity
{ =Ty | 1 Zefl,H =1, €eL'H
<z nser vation d individual lepton Cp- I —"5! " (no preferred phase convention)
numbers and d leptonic @ #;13! jh+he. > #1! jh+ hee
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Quarks

* M ass agenstates:

ma = U LD T P = g LT O

I el L df Lie 1 el — u®
LiasEnuiEsinaalY _U” I mpdcd]+muu°u]+h0—m d°dl # my vl hie,
i

I d i ! Uy I

* (QGnnot extend to an U3)° transformation (both u, d <hQ)

(U = U™ ye

{ dgl Ty | DAc L c'A!
| DdQ.H = 1,d9'QH  but
ch = ydge | ” s LT
eg< d2,| Uzc_i] d] . .,LJ ZQ.7 — !Ui V?,jule;H
QT

V=U,U;, Cabiblo Kobayashi Maskawa (CKA) matrix

u
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* In terms d mass agenstates:

- 1 R e =y =y /
ST Uiy din = Vz'juz'L’Y”djL
. /’1’ Sl . M /
Jn,had T (J n,had)

Ay BN /
Jem,had = (J em,had)

* All Bavor and P volating dfects aiginate from the witary 3x3
matrixVin the qiark charged arrent
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Physical parameéers in V

My, dfdz =L U,fuz' = %VZJUZWd] £

=

a1 1T mammm
g'2 $ " standard par.$ " e’
a's ol
unphysical unphysical
3 + ot 1 2

1D



With N famlies

Famlies PasinV Phys pars  Angles Phases

N N N2-(2N4)  NENL)/2  (Ne-3N+)/2
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S andard parameéerizations

1 0 0 C13 0 8136! Z C12 S12 0
V= 0 C23 S$23 0 1 0 ! Sq2 | 141> 0
0 !823 C23 !81361! 0 C13 0 0 1
| 41
C12C13 512C13 s1ze
| ) |
I s12c03 ! c12523513€" c12023 ! S12523513€" $23C13
) | ) |
812823 ! c12c235138" ! c12823 ! s120235138% 23013
¥
11 12/9 | AL 1 i#)
V=" || [-12]9 Al 2 $
ALB(11 "1 i) | Al? 1
H=1022
A #H= 0(Q)
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Back to the mint

* In terms d mass agenstates:

32 = gl B = ALt B
Jehad ~ w;r! tdin = Vigu !t Pdiy
Jonaa = (U nad)

[ = !
]em,had = (Jem,ha,d)

* All Bavor and P volating dfects aiginate from the witary 3x3
matrixVin the qiark charged arrent
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IS that so?

* Unitarity of V(1) b | Vig#f - Summer 2006 -
L ’ |
¢ ¢ KLOE LATTICE + UNITARITY |

0.219 — ‘ IKI:OE@_KS . . _

LEXP | s - ! .

’Vai ‘2 =1 0.216 = e i KL()EJ'__

i ora - “KLOE * |

I { kLo ]

0.213 — % T

[Vud |2 + |Vus |2 T |Vub|2 =1 0.210; 0 PDG-2004 % . T

0.9739(@3) + 02263(19) + small = 09997(10) IV, /% =(0.2263896.96 ()~ M-+ +V/_ | ~ 1%

(dominated by the f,(0) theoreticaluncertainty)

[Vuaf U9 (0)| from N ! N'el ("f"9(0) = 0 (0.1%))
Vis f(0)] from K1 1e"  (#f*(0) = O(1%))

[Vup| from b — uls (subdominant)
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|s that sg?

* Unitarity o V (Il)

1S 12

-"WI D°x0

0.8

065_ sin2B

Vai VbT =S (a 7£ b) 0.4;_
| 0.2:

VaiVaij =1 (i#]) °F
a 02— '1 | L s

| 5
A triangle n the omplex dane
|7 A VAR S V7 A A A P/ (when roperly normalized, it has wvertex in (* +)

_VuaVay  VeaVYer - ViaVib

=0
VCdVSE) Vcdvcﬂ;) Vcd VC#E)
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|s that sg?

* BRY' e% <12x 10!

* d<10?” e cmd10?! g

x lg<lg (1)) X
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%k

Neutrino ghysics

New datal

New physics!

Dda interpretation (now) petty dean
Cosnology (bar yogenesis, CMB LSS, BBN,E)
Ast rophysics probe d SUN, SNéE surces,E)

Paticle gnysics (@ccess- dMaur, tnib@tion, Raor, LV)
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Neautrino masses E<%sH>)

* In the byoken BV phase, the nost general fermion mass term s
Y105+ mPete; + mPdid; + mYusu;

* (a Drac mass term walld reguire a! ©)

* The reutrino Majorana mess term breaks L L; ! e” L;" 11,1 e 1,1,

* and the 1&
= U!Tm(li)iagu! me = UdelagUe

0 o S ()
e BEZEEERELLT 1il; + mEefg +he. = 21" + me,ef'e +he
e e e e e R R e o B

LARECIE wesl ¥ I NEES !
Jollep T el [T EELTT UwrzL €L
!
(.]nlep)

jgm,lep T (]em,lep)! u==uu

K
I, ep

. Pontecorvo Maki Nakagawa Sakata (FMNS) mat rix
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Physical parameers in U

. )
2!—' 11+ m, efe; + %UijéiW!j ugLUAY

e’i! 1 1
= gi! 2 standard par. e
il gt
unphysical physical
(Majorana)

gi1= 2] + 3+1 [z 2
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Physical paraméers in the Epton sector

ARl

{im) iy T'i!i!i +meiefe. —I—#%Uij éiW!j + h.c.

me, mp.s mT’ ml/ll ml/g! ml/3; !231 !121 !131 "1 #1 $

C12C13 S12C13 Si3€ ! N
U= ! si2C3! €12523513€"  C12Co3! S$12523513€°  Sp3Ci3 o 0
0

i i i #
S12S23 ! €12C23S13S | C12S23! S12C23S13S C23C13 01 €

O! o3, 195,113 ! 5, O #2110 $,%<2"

2D



Physical paraméers:
what do we kow?



Accessible
to ascillations

Charged 2
sect or | m12
! m§3
ey

31
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S andard labeling d eigenst ates

0< Amj, < |Am3,;| uniquely debes the bBbeling S imZ, ! ! md,
I m{, > 0 by debinion; ! m5; an have mth sgns | Mz ! ! M3
l m3;> 0 €.g.. l m3; < 0 e.g.:
3 me<m! ms 2 i mi! my> ms
(hierarchical) 1 (inverse
normal Mmool m s hierarchical)
(degenerate) Inverted mimosolimas
2 i Ml m o> <m (degenerate)
. !

(neither) 3

32



Accessible
to ascillations

Charged 2
sect or | m12
! m%s
”|e,|,l,7' ;
sign(! m33)
Well known | l | "

Known

33
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Experimental constraints (cillat ions)

Am

Amis ~ 2.5 x 107°%eV? 193 ~ 45° (ATM, K2K)
| m7,! 0.8" 10 *eV® !,,! 30835 (SUN,EmLAND)
13 < 10 (CKDOZ, P \érde + AM)
1 107

5.0 T

[ 68, 90, 99% CL
40 |
3.0 |
o3 )i M A
10— Zenith angle analysis E

1 L/E analysis 1
oo b b L L 0 e

0.8 0.85 0.9 0.95 1.0 1 10 10 10 10

sin“20 L/E (km/GeV)
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Experiment al constraints (cillat ions)

— 2
Amss ~ 2.5 x 107%eV? 193 ~ 45° (ATM, K2K)
| 2 s E
| m7,! 0.8" 10 *eV® !,! 30835 (SUN,KmLAND)
g <110 (CI0Z, Pl \érde + AM)
1.2110* B
95, 99 9973% CL Lie 2.6 MeV prompt ¢ kamLAND data
i 19 analysis thresh?ld —— best-fit oscillation
1104 N o R O e best-fit decay 5
S 1 best-fit decoherende
< i o o8-
> - L
2 os0’h S
£ S o6l = T
oa |(fe g T
5 KamLAND+Solar fluxes B
6110 ) 95% C.L. ! |
9% ClL. 0.2~
i B 99.73% C.L. K :
. g|0ba| beS'( f|t O 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I Lil 1 1 I 1 1 1 1 I 1 1 1 1
g Lo e b v L a 20 30 40 50 60 70 8C
02 03 04 05 06 07 08
tan®" L/E, (km/MeV)
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" (eV?)

Am? x 10

Experimental constraints (cillat ions)

Ami; ~ 2.5 x 107°%eV? 193 ~ 45° (ATM, K2K)
| m7,! 0.8" 10 *eV® ;5! 30D35 (SUN,EKmLAND)
113 < 10 (CID0Z, Pl \érde + AM)
BN: %
; 5
4 E 5 300 e’ energy
s ] 250
; 18 g e | signal
e I 200 WELS
2 INE=ny ! “~ A 8 sl
f..“ f 100 7
1 R
0 T S |- IR
0 0.05 0.1 2 ;! x ° MeV'
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Experimental constraints

| mapy ~ 2.5 x 10' 2eV? o3 ~ 45 (ATM, K2K)
Fmigdn L0810 1 eV 9,1 30 D35 (SUN,EmLAND)
13 < 10 (CH0Z, Pl \érde + AM)
IMee] = JUZmM,. | < O(1) x 0.4eV (Heiddber g-Moscow)
(MTM)ee = |Uei|°mf, < (2.2eV)? (Mainz, Foitsk)
' m, < 0.6eV (priors) (@snology)

sign(! ms53)? 1?2 ", #7? Unknowns
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Physical paraméers:
how do we kow?



Havor and mass egenstates

b ORwor eigenstatespaired to .

= g1 P
charged kptons in GC: Jeep i

(nass dgenst atesDdagonalize

Vi,V2, V3 . .
iR E s the reutrino nass matrix:

milj/!ei!ej = mz/h!h!h

| e — []ih | h U witary (PMNS) (v; = U;,Tp)

3D



Oglillations

m2
[EE gy et g et (Eh' p*g)
P Ve, = e;) = |(Ue, 1€ Fhwe)| s (v, 1€ HPue,) = Usné Bnt,,

In the smplest case:

le =11cos” +15sin”

imEE
41E

" P(le# !,)=sin“2"sin
= sin o dos

(to ke ntegrated over energy, position and mnvoluted with aoss
section, resolution, dbdencyE)
4" F E(GeV) | m2L I m2(eV?) L(km)

= 2.48k o7
| m? M m2ev?)’ —4E E(GeV)

40



A typical sensitivity pot

$P%& const.

1001 ¢
E |2T
E 10 ;

103 ¢

104 &

— (P~ 2

_sin?20 |

sinf2"

(P)=(P(le—=!y))g . = sin® 2" sin

In ade to masure $n?2) and "nv:
- <P>[ane B ot sufbaent
-need E oL ER
- bestto ke n the :

4E

~ 1

41

> Am?L

41F

gEme

E L



Caveats

* In vacuum anly
* (oherence @n ke bst
¥ because d averaging over the acillation phase @veraged mherence)

¥ because the wave mckets @rresponding to df ferent mass egenst ates
travel at dif ferent velocities

¥ because d reduction to the reutrino subsystem

* Smpliba@ deivation: p onstant? E onstant? k does ot really matter
(dhange d variable n the wave @acket integral)

¥ eg, if coherence B ot lost

5 dp i(px—
<V€j ,CIZ|€ Ht‘¢0> = gUe] K€ (p it (p)t)Uk;ei f(p)
— ! dp : Lt :
S Uame et

(=) £(p)

i
2

Limit
= Uej pe ' 2m Ukei Yolx — 1)
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3

Exact (cumbersome 3! formuae

P(Vei | Vej) = P(vej ! 7&) = Peprt PQF{
P(vei | vei): P(Vej ! Vei): Bap PQF{

Pop =i ! 4Re(/1y)STy! 4Re(J3)S5s! 4Re()S51 . AmglL
& = SR
Pgp = 8"jj Jop 512523531 i AE
lelz :UjhUr;ri UikUij Im(JH() =Rkl ) - ik =x1,0
k
-masl
CHOZ sz T S%g [ ng Z Pi{ve I 1te) T 1I# sin? 2013 sin® Tég
| m2.L
P(! W) simt R b sint-
ATM: A N N AL AN B T I SEnEsadl) i 4E

P(!e_>!,u,!)<<1

| 2
SUN SZ;,SZ%; terms suppressedby f13: P(1.! 1.)" 1# sin®2"1,sin’- mi,L
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Experiments



CHXO

o
* T, —T., bappearance reactor |
exper imant
* L d1km, Edfew MeV |
* Detection:7.p! €'n @ntillator)
¥ e signal + anihilation® 2. (511
ke\) f
¥ n (a.pt Ure' . (8 Me\o (ddﬁ.yej :analysisB
COInCIdmce) aman :;altf: iokande (multi-GeV)
S LIC Sapdanda bt e

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 !
sin(2!)
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* T, — T, [dappearance reactor 5
experimeant L ’
* L d1 km, Edfew MeV S3aiE ]
* [etection:7.p! €' n @ntillator) 7. O f—e *
¥ € signal + anihilation' 2. (511 N 5 Hets SEas, s R
< (s 1
¥ ncpture' . B Me)) (déayad ;
coincidence) ol uw gl
0 0.05 0.1

CHOZ
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What are @ mospheric neut rinos?

mmna 5 ' H Allow to test
= neutrino Raor
e Vel
transitions
21, for eath !¢

Act ually:
- Erergetic p ae bong-lived
- Kaons ae dso roduced
so thatthe ratio s > 2

Nead to mesure:
- neutrino Raor

- neutrino drection
- possibly energy ran
d13000 km § : sttt
L = 10°=*km 9

I m3,L :
E=(01+10)Gev  # —2— =10 ***
I m3, ! 25" 10 ®eV?
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Super-Kamokande ddection

* QCinteractions o1 nuclei: ! +N' [+NO
* Naitrinotype:
¥1,' [ ' dean Qerenkov ring
¥1.' e' fuzy Gerenkov ring
%k | direction: correlated with the drection o | if E<S&V

%k | energy: dassify the events in sanple with dfferent E dst ribution:
¥ Fuly Gntained sib-GV
¥ Fuly G@ntained miti-GV

¥ Patially ®ntained/ (E dfew GV
¥ Upgoing goppng/ (E d10 GaV)
¥ W & through going/ (E > 10 &\

49



Super-Kamokande results

Os. mars: | mamy | 25" 10736V?, s ! 45° oo

Hnt of oscillation dp

Exaic dfects (deriles, deay, Lorenz
violation, &T) are marginal

Serile reutrino analyss.

¥ matter effects felevant for sterile d
high energy: resonance and then
supfression)

¥ neutral currents (aly affected by
sterile)

¥ $ appearance sinple

No dectron neutrino transition, @mpatible
with CIdOZ lmund

50

103
50 | T T T T I T T T T I T T T T I T
N> 3.0 N
) r
oy r
g 2.0 = 3
1.0 | ) . i
— Zenith angle analysis .
----- L/E analysis
0.0 i 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
0.8 0.85 0.9 0.95 1.0
sin®20
1.8 ——rrrrmr——rrrr &
—~ 1.6H
?
o 14
E:: 1.2
S 08F
= - H
b 0.6: L
8 04F -
< - ;
O 0.2F ]
O C AR | N 1 ul ul 7]
2 3 4
1 10 10 10 10

L/E (km/GeV)



xk

KEK' SK pised! ; beam

L d250km, Ed1.3 &V

Measure ") , ' reconstruct i

GCompetitive with SK o0 "m?

51

& FEE NN NN ENEEEEEE
T R RRRRMESEEE S,
~ e e 90% R e e e
NE B R 99% C R R
<
104 :
1073

Events / 0.2 (GeV)

E, "*° (GeV)



Fuure

More RK
NuMI
CNG

Monoalith

5



Matter effects

Incoherent scattering B ypical man free @ths
(deoend o Ravor, @mplibelO aergy devendence):

((E) d10 cm (100 MeV/E) 2  in proto-neutron sar cores
((E) d10*°km (10 MeV/E) > inthe Sn
((E) d10° km GeV/E h the BErthS mantle

Goherent f or ward scattering s enhanced by1/(Ge E?)

incoherent: dPsc/dx ~ GEE“n  dPq.

L ~ GEE ~ 107°
coherert:  dogo/dx ~ Ggn dopeo

GeV

It affects the reutrino phases in a R3&or dgpendent way
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1 mi Vv
== m3 U + 0 + univ. terms
2F >
ms 0
Free Fhmltonian MSW potential
V="Ve! Vy= 2Ggne (neutral matter, n, # ne)
V=V (tr ee level, neutral matter, L, = L;)
Ve € ' X X
W 7 +yd.
e Ve e e
u! U
for v:
Vi "V

o4



Propagat ion In constant density

Ogillation formdae $ill hold with ) * ) m,"m2"  ("M%)m,
where ) m, ("n?)n deeend an the reutrino energy

Mantle
* - d3-5g/cm °
The Erth; @ dt J
*. d10-15 g/cm*®

Propagation in the Erth affects
¥ Atmospheric! © (mly through the sibdominant !e! !,s)

¥ Solar, SN © ON effect)
¥ drrestrial experiments (Long Baeline)
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Resonance (2 )

1rC 2EV ! 1
- sin? 0+ 5 Singcosf, Am? !
H = Am $ TSR universal terms
sinf cosd cos 4
s ST
Resonant enhancement of t he mxing angle: = cos2! ! ( 2)m 5
Am? (Am“)ym = Am=sin2!

sin” 2% I mixing
- Am2>0 ¥ Resonance width =&n 2) (Sn?2) > 12)
¥ ) <4B%! resonance aly if V x "nt >0

¥ SUNV > 0("m?)12 > 0!  resonance aly
PA=AYa 4

_,_sin2 ¥ Note dso: (2EN/ ("m2)2<! 1 e# (2)m
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Resonance formuae

")
. 20
sin® 26, = e S|2n Py (! M) =
1 ( > | 2cos20
| m2 m2
2F E I m?
i = cos 26 FEreg = ™ cos 20! 8 GeV
R (% res
Sin2)m _ Am?
sin? 2! (Am?)m

* Matter effects ae regligible;
¥ when E<%ges
¥ when L <%on (3n X # X)

SiF

2
I m? {1+ <2EV> ! 2c052<92EV

1/2

2 2

' 'm I m

I m?(eV?) Ne
2-10-3eV? 1.65 gr/cm”

2



Propagat ion in varying density (2! )
Ht) = lee + \Musw(t) time dependant hamilt onian
Adiabatic evolution: no! 1 <L, transitions

| 2
Adiabaticity condition: LM (A;"E)m

Adiabat ic resonance c¢aossing' large Raor swap even for small )
Hi 1#n?"12E#

4 - 2 s B == =0
30 g o (g =Ly =l gsin® +11:; cos"
ol P(le —!,) ~cos"

#hl  The aliabatic goproximation

e L2 3 4 #™ st break at small)
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Level arossing

| 2
* The aliabatic gopoximation @m ! (Am )m
dx 2F

s wast at t he resonance

% Adiabatic ondition & the resonance; ! = Am* sin” 2" 15> S |
iabatic onditio e resonance. | = JE(V'IV Jres c052"

* Ify<1but y>» 1atproduction and deection P(11! 1,)" P.# € '/2

Landau-Zener

* Exanple: SN rutrinos ("n?>Q a antineutrinos ("m?> Q for ) 13< 10°
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Flux (cm-2 s-1)

Solar neut rinos

102 3 T T

1011 m Bahcall-Serenelli 2005 1
: pp-| £1%

1010 — Neutrino Spectrum (x1c0) +
i Re o

lO“;— Be-|+10.5% 4p+ 2e| 4He+ 21/6 ]
3 13 R SR -

108 ¢ ,—‘Mj— - VoM _
PP pep-+2%
ETI60) >~ I 1

107 -~ | 1 -
E P e T
[ LE-"~ 1 .

108k PR ! 4
c_--""  "Be- !

105k +10.5% —— 4
E 1

104 ;/// : ]
3 |
E |

108 F ! 3
g 1
r 1

102 3 /E/ -

101 i e TR

0.1 1

Hi (An?

Neutrino Energy in MeV

/(2E))

2EV

An?

08+

0.2+

OMeV < FE, < 14MeV

E..s(core) ~ 3MeV

(! m2,=0.8x10 *eV?)

P(l.—1.)

60

05

15

25




Neutrino Flux

Solar neut rino exper iments

| SuperK, SNO

| Galliuym | Chilorine
1012 ¢ RENEN
10!1/@:';
B R
109 T
i +12%
i he
107
100 |
105;-
10‘;—
109 |
102;'
1051 SR EE R =511 10

Neutrino Energy (MeV)
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(hlorine: Homest ake 68)
G HH ePEAr
E, > 0.814MeV
Gillium: SAE, @llex/ GNO

v, tGa! e’lGe
E, > 0.233MeV

HO: K SK
lce — 1 o€
E, > 5.5MeV
>O: SNO
leel loe
leD ! ppe
b rhson



SNO

Measurement of total solar neutrino B in agreement with the pediction o the SM
D)= @(te) + 20(! 1)
ES (dection): !xe! !xe" ! (Ye)+2! (Y1 )/ (6-7)

QC (eergy): 'eD — ppe = ®(!¢)

NC(ing sape): !« D! Iypn" 1 (le)+ 2! (1,1) eutnon capture and deection
improved in the falt phase
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.

oo, (! 10°cm2s
)]

0

...
...

e o
e
S

SNO

oo 68% C.L.

SNO

e 68% C.L.
68% C.L.

B s 68%C.L.

SNO
ES

BS05

----- eory 68% C.L.

...

0

0.5

1

1.5

25

6. (! 10

—— % 68%,95%, 99% C.L.

...

3.5
cm? s

3

10°
5
>10*
5
= 10—5
10°
107

108

III”TTTI III”TTT| Illllml Illllml III”TTTI Illllml LRLILLLLL |

T T T

T

T LI

T~

— 68% CL
— 95% CL

— 99.73% CL

T LR

T

T T T 11T

1t}

EIIIII|,|,|,| IIIIL|_LL| IIIIL|_|,|,| IIIII|,|,|,| IIIII|,|,|,| IIIIL|_LL| IIIIIL|,|,| LI

10°

10t

[N
o

tarf!
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l m2 (107 eV?)

I m? (107 eV?)

20

15

10

20

15

10

0 02

- (b)

— 68% CL
—95% CL

—99.73% CL
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Rato

KamLAND

* Tefrom sveral reactors E d few MeV) a L d200 km
(initial Bk wdl known)

* Top—en nintillator

* E,,=E,+m,—m,"' poddéerminationd Am?2,

1aF 1.2 10*
“F 2.6 MeVprompt o KamLAND data
1o analysis threshold ___ oy fit oscillation -
C P best—f!t decay 100k H 1104k
1~ best-fit decoherenge
og|. < <
C - = 3 2 5
- e ] : = > 8110°
0.6 T s e 5 £
0.4 : . v
C 10°|- Solar KamLAND 6 10° KamLAND+Solar fluxes
C [ ... 9s%cCL I os%cL. ) I os%cL.
0.2~ : [ --99%CL. 9% CL. [ 99%ClL.
r H I —99.73%C.L. B o 73%CL. B B %9.73% C.L.
| N PPN INFUFURPIIN RS P SRR B L+ solar bestfit © KamLAND best fit B global best ft
20 30 40 50 60 70 80 Ll vl Lol 1 4|10-5....||||.I....I....I....I....
10? 1 10 702 0.3 0.4 0.5 0.6 0.7 0.8
LJEr, (km/MeV) e tare”
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Fu ure olar neutrino experiments

More KamLAND
Borexino: masure Bxillium R
¥ If LMA, no fasonal variation, o [IN effect

¥ Surprises? Non-LMA physics?

sub-MeV eperiments

¥ measure averaged cscillations' )
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Super nova neut rinos

* Probe d core-collapse sipernova physics
* Some gnsitivity to reutrino prameers (ncertainties an the urce)
* (onstraint on exaic (eutrino) ysics

Eout ! Ep! 3" 10°°erg

M ~ 1.5M
B~ 8000 IS{UN 0.01% photons R 30km
i 9 m3 = ¢ 1%Kkinetic energy p! 3" 10" g/cm’
l ~10° g/cm |
99% neutri nos T!1 30MeV
T ~ 0.7MeV g

L 10emit g ! I—! 10sec
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Energy [MeV] Energy [MeV]

Energy [MeV]

50
40
30
20
10

50
40
30
20
10

50
40
30
20
10

SN 198A

SARARNENANRRRN RN AR RRRE RRRNE=
;— * Kamiokande —;
2 .
:IIIIIIIII|III|III|I|I|IIIIIIIII—
:IIIIIIII|III‘III|III|IIIIIIIII—
f—“ IMB —
EIIIIIIIII'III'III'III|III|III|I:
:IIIIIIIIIIIII‘IIIIIIIIIIIIIIIII—
;— Baksan—;
- 4 =
EiIIIIIIII|III'III|III|IIIIIIIII:
0 2 4 6 8 10 12 14

Time after first event [s]
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onstraints o1 exa iIc enarios

I
* Erergy loss agument: % < 10"%erg/ s g
* (onstrains nvisible escape tannels
¥ axions
¥ KK gavitons

¥ sterile reutrinos

* EgQ. 9n?2) s< 108 for large "n¥
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Fuure SNe

Fu ure SNel(30yr?)
Detector SK SNO L\VD KamLAND

| events
d8000 | d800 d400 d330
(from 10kpc)

@ mwutrinosphere: 'E, " # 11MeV < |E; " # 16MeV < |E; " # 25MeV
@ Brth: the energy spectra depend an) 13 and sgn("m?)23
eg. NH & 13> 005 <0 (! ¢ =00( us)

("m2)3 resonance ¢ossed by ®utrinos @ntineutrinos) if NH (H
RR=0&=21i) 13>005 () 13 <0Q001)

(("m?2)12 is dways aliabatic)

(("nMP)23 = 2 ENu- Vs) resonance pays aolef0(1 ) '0( 3))
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sign("m?) and matter effects

0 H ' 2EV
Am%,=0: Hy ==—="U% 0 &UT+ 9% 0 &(
Am2, 0

* Erhancement/ suppression in neut rind antineutrino dannel dgoending o sgn("m?)
* A measurement of sign("m?) needs

¥ E d10 GV fesonance)

¥ long kasdline (sn(x) ! x)

¥ le<tyus
* sign("m?) deermines the @ttern o neutrino nasses and affects the

¥ SN reutrino sgnal

¥ terrestrial experiments

¥ 0! 2" decay

£ais



T3

* Oigin d masses and mxing
¥ DOiscriminate nodds
¥ Origin d solar and & mospheric angles
¥ Nautrino nass ttern

* Phenomenology P )
¥ Leptonic Rviolation
) P(ve ! Vu) =
¥ Supernova sgnals
¥ Subleading dfects P{ve U

* Eperiments
¥ Rich experimental program available
(ubleading dfect in SUN ad ATM)

ks -

AL
4E

Sin? 6,3 Sin?

: . BRWAN 11218
sin? 6,3 sin® 26,3 sin®> —22—,,

s o Am2.L
cOZ A3 SiN? 2015 Sin? ——23-$



Qdds

Sensitivityto sirf2" 13

£as)

-Systtlematic
I Correlation I JHR SK
Degeneracy
l NuMI
. JHE HK
- NuFact Il
10 © 10 ° 10 4 103 10 ? 101
sin22"13 | \
. k)
AcHESinG 2645 102
AZ: sin®20;3! 0.01 bet: sin?20;5> 0
A . sin®20;3! 0.000¢



(Rviolation

* Is there RRviolation in the Epton sector?
* Isitatthe aigin d the Bayon asymmeéry in the wniverse?
* (Can we dserve tin neutrino experiments?

¥ Drac (CKI-like) Rviolation
¥ Majorana Rviolation
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CHKM-like R violation

Blvert e e B (warb i va ) = ReptiPrp

I:)(vei ! vej) = P(Vej ' Vei) = PCP :
U }

Ams.L "
Eae T | e " sin? "o3 sin? 23 1
4E Y

D T e EAImS L
P(le! ycp " e s 2 s 4;3 :
AmZ B EE
Rl ep COs o S 2 s S 4é3 $

P

Pcp

+ Am%u N COIT.



CHKM-like R violation

Large angles (unlike n quark sector) enhance @violation

Q)
,// | \\?\LBL\

. : : Tk 2
Pcp = £ cos! 13sin 2! 15 sin 2! 53 sin 2! 13 sin SSUNSATM

A small) 13 enhances the! e <, (Rasymmery

Rt == v i Pilrd =17} 1
=t Piod =L e Si20rs - car

acp =

The gatistical sensitivity is ndependent of ) 13 (n a wide ange)

1i 1
Farr =

JN . sin2'13

— Stat. error ~ la/a ~ constart with "13
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80

60

40

20

-20

- BB (+=100)
B BB(Y=100)+SPL
- HK (440 kton )
: Nufact (3000+7500 km)
T ] T
10° 10" 107 107 ]
SiN“0,,
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Fa&ke @ violation

* In practice ae has to take nto account t he ontribution to the masured asymmery
from the Rasymmeéry o

¥ the urce
¥ the natter along the @th d neutrinos
¥ the target
* That requires a @od knowledge d
¥ the nitial Bwxes
¥ the Erth (dectron) density probé
¥ the reutrino @oss ctions
* Also seful are
¥ the masurement of t he energy spect rum
¥ 2 baselines
¥ addtional channels
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LSND & MhiBooNE

The ISND wdence
P, —»Te) =(2.6% 0.8)10' 3, with £ ~ (10-50) MeV and L =~ 30 m

¥ does rot bt in the 3 reutrino aillation  § T
framevork (large "nv) E

10 |

¥ does ot bt in a 4 reutrino acillation
framevork _

e
A N
Sel ks
o 4
i
> CCFR
- e, 7
" .
.
~
.,

e,
.......
—p.

¥ degrends a assumptions o the kackground iy

¥ is ot conPmed by ay a her experiments (n
particular Karmen)
0.1 5

Likelihood Favored regions

Bugey "~

¥ awaits onbPmation (MiniBooNE: nore
statistics + pised keam) [
sin2(2!)

P



Oscillation Sensitivity: Null and Positive Scenarios
¥ Fit energydistribution to extract signal. Estimates basedon 10°! pot

&>10 F

Am? (eV

MiniBooNE 1.0E21

510 &

Am?® (eV

Michel Sorel B ValenciaUniversity

(90% CL, 30and50) |

MiniBooNE 1.0E21
(10 and 20 Contours)

Null MiniBooNE result:

¥ 41 sengtivity to entire LSND 90%
CL allowed region

¥ Combired analysisof MiniBooNE +
LSND would shav incompatihlity at
99% CL, in CP and CPT-conseving
seEnaios

MiniBooNE conbrmsLSND:

¥ Should see> 5!
central value

exces at LSND

¥ Distinguish1ev/? from 0.4&V/? at 2!
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Beyond ascillat ions
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0! 2" decay

* Sgnals kviolation
* Probes the Majorana nat ure d neutrinos

* Allows to access mrameers not accessible to cscillat ions:
¥ Absolute nass ale

¥ M ajorana phases

83



Drac \s Majorana (article ontent)

A Drac fermion (€ + § corresponds to

4 degrees d freedom =2 x particle+2 x antiparticle
A Majorana fermion ( ) corresponds to

2 degrees d freedom =2 x farticle=2 x antiparticle
The df ference $1ows p mly in the m ! O @ase:

¥ Dracm=0

O 1 ]O0! = [T+
¥ Majorana m =0

o= ] 111 L0 L= L

In cscillations, mce the GMYE) terms have leen neglect ed:

¥ the dicity does ot play a ole

¥ there s o Lviolation

¥ oscillation formuae ae dentical for Dirac and Majorana! ©
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Drac \s Majorana (article ontent)

A Drac fermion (€ + § corresponds to

4 degrees d freedom =2 x particle+2 x antiparticle
A Majorana fermion ( ) corresponds to

2 degrees d freedom =2 x farticle=2 x antiparticle
The df ference $1ows p mly in the m ! O @ase:

¥ DOrac (n!0)

vrlol = [v" +O (m/E ) |v +! vp|0l = |[v+14+O (m/E ) [7"
¥ Majorana (m ! 0)

vrlol = v" +O (M/E ) |v +! v|0l = lv+14+O (m/E ) |v "

In cscillations, mce the GMYE) terms have leen neglect ed:

¥ the dicity does ot play a ole

¥ there s o Lviolation

¥ oscillation formuae ae dentical for Dirac and Majorana! ©
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0! 2" decay

(A, 2) - (A, Z+ 2)+ 2¢~; eg. °Ge— °Se+ 2¢
ke |mee|2 <Q>2

NG 12 ol 2] 2 2ip
Mee = UG, mp = C13(mlc%2 + MyS;,€7 %) + M3Si;€ P
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Meelin eV

1

Expect at ions for Mee

(m m)ee < (2.2eV)? (Mainz, Troitsk) ! (0.3eV)? (Katrin)
Imee| < O(1)! 0.4eV (Heideberg-Mosow) " O (1)! 0.01eV (Genius)

101}
102 |

10 3 |

10 4 &

- 90%CL (1 dof)

i [mee| ! ' 'm%, "(312 - sfze

104 10°

lightestneutrinomassn eV

Feuglio $rumia Mssani

192 10t 1

87

2 21

Only IH and D & promising

Sensitivity to Majorana phases
through (R conserving gqiantity

Explicit modds may rdate CKA- like
and Majorana phases

Potential to dscriminate Drac/M



" decay endpoint

(A7 e Ty e T e s TP e e e T

dN

= < ) |Uenf?! (mf, B) = ! ((m m)ee, E)

s e S S 2.2 2.2
(M M)ee = |Uen|"Mj; = Ci3(mMycyy + M5ST,) + M3Sys
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Neut rinos and asnology

* Big Bag Nucleosynt hesis

¥ The pesent relative dundance d p, n, ight elements s deermined by $andard
inverse leta reactions nvolving reutrines & t heir decoupling temperat ure T~ MeV

¥ Agreement with 3 SM reutrinos in thermal equilibrium & T~ MeV Preent
accuracies b mot allow to tell Nv = 3 from NV = 4 een in the ®ntext of standard
cosnology (not f ully tested)

* (QCosnic Microwave Bakground

¥ Anisotropies n the hoton radiation a decoupling (T~ 0.3 eV are $nsitive to the
total radiation density

¥ Present bts (@snological modd dependent) give N ~ 3+2

89



* Large Sale $ructure

¥ Free 4reaming d relativistic non-interacting particles snoot hes dasity
[3Lct uation leading to the LSS doser ved today @nd to the acoustic peaks n CVB)

¥ The bngth scale d t he dfect degpends an the reutrino masses, hence the Imit
m; < 0.7eV

* Bayogenesis

¥ng/n ! 6" 10 *° nams that a tiny Bayon asymmery was pesent bef ore
complete anihilation a T < @V

¥ The ssymmery can ke d/namcally generated n presence d B C ad (Rviolating
processes aut of equilibrium

¥ BW baryogenesis n SM: not out of equilibrium enough for my> 70 @V énd too
small Rviolation); in extensions. LIP

¥ QUT taryogenesis, AReck-Dine, but most economical and degant isE

90



Ba yogenesis through lept ogenesis

Non-pert urbative BL-conserving [rocesses rdate Land Basymmeries.

Right-handead reutrino £ and G vidating deays @nerate a €pton asymmery out of
equilibrium. In a ®e-saw context with herarchical Rhanded reut rines:

3 |V|1 Im()\N m,,)\L)ll
16m V2 (A Ay )1

The RH reutrino oupling ae ot f ully deéermined by te bw energy parameers.
However, oth come fom the same se-saw lagrangian (nodd-dependent relation)

N /N ecle, e

Lept ogenesis s a s$mple, degant, economical and successf ul Ba yogenesis me&hanism

O



Ot her constraints o see-saw physics

* Lepton RHavour Vidation in SUY nodds

¥ LR/ associated to reutrino Yukawa wmuplings ces ot decouple & the RH reutrino
mass sale n SUS theories: they leave an imprint in the depton sof t masses

¥ However, the dfect dgoends an four powers d t he unknown (nmodd- dependent)
overall scale d t he @uplings

¥ Addtional efects ae dso ikely, eg.
- Non-universal soft term
- Top kawa in SU$QJITS

* Bottom-Tau mass wibP@tion
¥ The running & affected by he reutrino Yukawa @uplings

g



The gigin d neutrino Nasses
(data inter pret ation)



Experimental constraints

| mapy ~ 2.5 x 10' 2eV? o3 ~ 45 (ATM, K2K)
Fmigdn L0810 1 eV 9,1 30 D35 (SUN,EmLAND)
1,5 < 10 (CKDOZ, P \érde + AM)
IMee] = JUZm,. | < O (1) x 0.4eV (Heiddber g-Moscow)
(MTM)ee = |Uei|°mMf < (2.2eV)? (Mainz, Foitsk)
' m, < 0.6eV (priors) (@snology)

M & 74 GeM
O3 ~ 45 (= 45' 7)
Quiddines for theory: 1o ~ 30' 35" # 45 (> 50)
013 < 10
! m2,/1 m5;| =~ 0.035 < 1
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TeV

GeV

MeV

keV

eV

95

Smallness d neutrino nasses

Nat ural scale d f ermion nasses:
v=174 @V

Why m /v < 10127

(muwst have a dferent origin than
me/ v <102 GV = (B x 10°)



The SM & a renormalizable theory

Ble Ly, L$ are accidentally conser ved

¥ No poton deay (..)
¥ No Epton number viodlation (...)

¥ No ndividual lepton number violation, ! & <—L¢, N0 reutrino masses

96



The SM & an dfective theory

h..
B ewa—E IRSLaE S %(H LR

\")
m, = hv x —

{X 1]
0.05eV

m

A ~ 0.5 x 10" GeVh

* Mar#2x 105 GV
* L s ensitive to the @T sale aly through k and Bviolating gerators

* - d10®> &RV -s>4x10° &V o asnall L, B volation a TeV sale)

O



Right-handed neut rinos

' ouc mEm S
‘(j) Zc) ) ) SUBRUEHIEEBH B AMD)sL

e e



Right-handed neut rinos

‘(j) 32 !) i SWB)ex S x Uy

A HEEE - =N (like the d her fermions)

I ci1s a SM sglet and @n therefore e heavy

L D —%! S (wnlike the dher fermions)
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If M Isvery snall

(meaning M <%w , M /M ar <%402°)

(why?)

Neutrino have Drac masses, which ot break L
Their Yukawas ae < 102 (all fanilies)

(why?)

Neut rinoless cbuble leta deay may test t he Majorana nat ure d neutrinos

100



Integrate aut ! & L - L

h
K(H (LR

A M
B S || T 1 5
Mr=—Mp mmD M ajorana

OQther options. addtional singlets, triplets

101



Large angles?

* )q)1<Vk"0 ) <% Drac end Majorana mass terms transform df ferently unde

symmeries

* Banmple Ly - $. Inthe ymmaricimit: mg! © a 08 m ! " 0 1%
0 1 1 0
1, =0 BHE=P, 15

* However, it only warks with deenerate ! @

¥ me#m, ("M <%omies <zmi #m#m

i
¥ Exanple m, x ( 1)
1

102



COrigin d large mxings
mriuyr = Ug:;m?]iagUu
mp — Ug;m%agUd

m, = U] m%@9y,

| =10
me = U;:;mthagUe .

The Brge mxing angles @n in rinciple aiginate from mthmg m

(the dstinction is physical in terms d t he ghysics gving rise to the nass nat rices)
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A large) 23 from m - normal hierarchy

) 23 large: A dB dC
* )23 large and m» <% seems wnatural: m, ¢ B
B A me <%vs: AC - B <%

* However, in a ®e-saw context A, B Care ot f undamental parameers

my =1 my M 'mp
M, i 175 M22M23 1 m3 32133
M]3 = - mles= e 22 simyazREC
[M]23 M [ ]2 My Maamaz  Mag Mz mgzamsz M3y
dg!'0 da =0 da =0

* Natural gption: M, ! M3z, my " mys King; Altarelli Feuglio Masina
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A large) 23 from m - inverse herarchy

A B
) 23 large andmy. # m + ro @rrelations; M; ! A $ + corr.
B

tan) 23 = BA

Bonus: ) 12 automatically large

Rotential problem: () 12) = 4%

105



A large) 23 from me

mg | e’ A=10+03
A1

Mp K ( Al £ 0.04
E

Not incompatible e/en in S5), where me <—)" (yp to JG fctors)

[e.g. Altarelli Feruglio and refs]
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IS) 23 large @ maximal?

Large = (¥/4); maximal = $4 + orrection << 1
SK sin?2) 23 > 09 - not enough
tan) 23 = BA; A dB<—arge; A = B-—maximal
1-1<BA<1H <zsin?2)3>1-12
0.7 <BA < ¥ <zsin?2) 23 > 09
0.9 < BA < 1l <zsin?2) 23 > 099

(htaining a naximal atm angle n a 3 reutrino ontext is mon-trivial. A maximal
angle walld st a powerful constraint on the aigin d lepton mixing (on-abelian
horizontal symme ries?)
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And dilcis n fundo...
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Supersymmetry and precision data after LEP2

Guido M arandella?, Christian Schappacher®, Alessandro Strumiac

“ Theoretical Division T-8, Los Alamos National Laboratory, Los Alamos, NM 87545, USA

b Ingtitut fur Theoretische Physik, Universitat Karlsruhe, Germany

° Dipartimento di Fisica dell@niversita di Pisa and INFN, Italia

Abstract

We study one loop supersymmetric corrections to precision observables.
Adding LEP2 ee! ff cross sections to the data-set removes previous
hints for SUSY and the resulting constraints are in some cases stronger
than direct bounds on sparticle masses. We consider specific models:
split SUSY, CMSSM, gauge mediation, anomaly and radion mediation.
Beyond performing a complete one-loop analysis, we also develop a
simple approximation, based on the S, T,W,Y ‘universal’ parameters.
SUSY corrections give W, Y > 0 and mainly depend on the left-handed
slepton and squark masses, on My and on .

109

3 ‘Split’ supersymmetry

We start with a simple case: we assume that only fermionic sparticles are light so that only
corrections to propagators are relevant. This might be not only a warming exercise: the MSSM
with heavy scalar sparticles received recent attention [7]. In this limit most MSSM problems get
milder, most MSSM successes are retained but SUSY no longer solves the hierarchy @roblem®
Thiswas considered asthe most important success of SUSY, but alternative antrophic interpreta-
tions [23, 24] gained credit in view of recent results: the possible discovery of a small cosmological
constant; the non-observation of new physics around the Fermi scale; the realization that string
models are even more abundant that what feared. This anthropic scenario is pudically named
@plit supersymmetry®

Although there is no longer a link between the scales of SUSY breaking and of electroweak
symmetry breaking, we still restrict our attention to fermionic sparticles close to the Fermi scale,
because only in this case precision observables receive detectable corrections. In the same way,
scalar sparticles give negligible e! ects even if they are relatively close to the Fermi scale, so that
SUSY can still solve the hierarchy problem.

The spectrum of fermionic sparticles is specibed by p, My, M, M3 and tan". We assume a
GUT relation among gaugino masses, tan" = 10 and m, = 115GeV.

Let us start from the sub-case in which only gaugino masses are around Mz and all other
sparticles are much heavier. In 9,P, W, Y approximation we have
15$ M3
which does not depend on tan", M;, M. Fitting only traditional precision data (LEP1, SLD,

§=PB=y" o0 . W (7
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the W mass,...) gives W = (0.7% 0.9) 41072 i.e. a almost lo preference for M, ! 80GeV,
as emphasized in [3] (see also [1]). Adding LEP2 data this preference disappears because the
best fit shifts towards negative 1.2 Going beyond the ST, WY approximation, this result is
confirmed by the exact numerical result, shown in fig. 3a. We see that in all the experimentally
allowed range for the chargino mass, M, # 100GeV, the S, T, W,Y approximation accurately
reproduces the full LEP1 fit. On the contrary when the lightest chargino or neutralino is slightly
above the LEP2 direct limit, M, ! 100 GeV, the S, T, W,Y approximation underestimates SUSY
corrections to LEP2 observables, because one loop chargino and neutralino corrections to LEP2
observables are enhanced by an O(1) factor, by having a virtual chargino or neutralino almost
on-shell. Going to chargino and neutralino masses above the LEP2 direct bound the resonant
enhancement disappears and the S, T, W,Y approximation becomes correct.

The same thing happens if only higgsinos are light: in this limit

. ap M3,
WH#HY# 307 2 (8)
Ignoring LEP2 we agree with [3]; including LEP2 we get the di! erent result of fig. 3b.

Finally, fig. ba shows the global fit of precision data in the (Mp, ;1) plane. We find no favored
regions, nor new statistically significant constraints. Gauginos and higgsinos masses slightly above
their bound from direct searches are mildly disfavored by precision data. For comparison fig. 6a
shows the global fit omitting precision LEP2 data. Notice that in the ‘split’ SUSY limit there are
no corrections to g, $ 2, b % sv,....

S=T#0,



LEP2 precision data included
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Figure 5: Fits of precision data. Regions shaded in red are disfavored at 1,2,3,...! , as indicated

on the iso-lines. Regions below the thick blue line are excluded by LEP2 direct searches. We
performed a full one-loop analysis, including LEP2 precision data. We kept fized tan" = 10,
Ao = 0, #i(Mgur) = 0.6, Signpu = + 1, the gauge-mediation scale My = 10'° GeV.
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LEP2 precision data not included
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Figure 6: As in fig. 5, but without including LEP2 precision data. Regions shaded in green are
favored at! 1,2,3,...1.
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