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Signhatures of New Physics

Some lllustrations:

@ Charged Lepton Flavor Violation: e=e,pn
’ t —ly (I=e,u)
) T -3l (I=e,u) C )
’ Y(28,35)—h (I=e,u) Lepton Flavor Violation

<@ Light Higgs (A°) decays:

; Y (2S,3S)—yA?, A0 —putu-
Y (2S,3S)—yA?, A0—T1tT-
0

Light Dark Matter Production
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Charged Lepton Flavor Violation

® Predicted by many beyond SM processes ... not forbidden by SM

# SUSY models: non-diagonal slepton mass matrix = LFV
o Normal (Inverted) slepton hierarchy = 7= — p*~ (r+ — ™)

$» Some models: LFV upto existing experimental bounds

B(t — {v) | B(t — lr)
SUSY Higgs (PLB549(2002)159, PLB566(2003)217) 10—19 10=7
SM+Heavy Majorana vy (PRD66(2002)034008) 10~ 1010
Non-Universal Z/ (PLB547(2002)252) 10~ 1078
SUSY SO(10) (NPB649(2003)189, PRD68(2003)033012) 108 10~10
mSUGRA+seesaw (EPJC14(2000)319, PRD66(2002)115013) 10~7 10~

lllustrations:

S. Banerjee :
& 3 Searches for New Physics




Probing TeV scale Physics

® Re-ordering of incoming/outgoing particles relates LFV in T & Y decays

It e |
T ; I — ’
I e T
» BT — tr) ~ S D T2 O (e M) o

® Bt =) <2—-4x107% = BT —4r)<3-6x1073
® CLEO search for T-ut, t—evv|  PRL 101, 201601 (2008)

T(1S) T(25) Y(39)
Mass (GeV/c?) 9.46 10.02 10.36
N decays (millions) 208 93 5.9

L(YT — pp) (keV) 1.252 0.581 0.413
['(T) (keV) 53.0 43.0 26.3
B(pp) (x1073) 23.6 13.5 15.7

B(ut) (95% CL UL, x107) 6.0 144 203
B(ur)/B(up) (95% CL UL, x10 %) 0.25 1.I 1.3
A (95% CL LL, TeV, ay = 1.0)  1.30 0.98 0.98
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Current Reach at B-Factories

A B-Factory is also a Flavor Factory: o#B)~1.11b~0(c)~1.3nb~0 & 't ) ~0.9nb

As of 2008/04/11 00:00 As of 2008/04/11 00:00

Runs [-7:Y(25), Y(35), Y(45) &above

- PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb

Run7:100M Y(2S),122M Y(3S) deca);s/_

PEP Il Delivered Luminosity: 56.82/fb
BaBar Recorded Luminosity: 54.00/fb
BaBar Recorded Y(4s): 0.78/fb
BaBar Recorded Y(3s): 30.22/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 8.54/fb
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BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
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t—ly: Signal Characteristics

® m,, ~m;

® CMFrame: AE = /P?+m? + £y —/s/2~0

T — wy simulation

Searches for New Physics'



LA
e
Y}
tag side /
s

A
“
Centeraf mass
A 3

system ..

L

< PR TS v |
Ko R AP et N c
§ Dpes T RHEN, SN s BABAR
S % > . - !o.:r “e*B%es °° s‘:, TS
o [eagcimrmih iy 4
T s R L
o1.90= FUEEa el —
m T il FrAIATL, A
'3.‘. e S .::. “‘. :. oo .
B Flsgaiase o ]
1.8 [ % ._.,?-*:‘:v:'?:.,.;:t..’._ EN —
Ol o= 83T 3% 22a ¢ '-@
PP IR Y e S N
SRR T et -
ISR £ By L R
g STl
1.71_' .e}.” {' 3. ..' o ]
PEARCE N A AL P
v IR At .
oo L ‘:..s'_; .o o® ".:.:".'
Cp b i gl .
G B Tl eageesy ] BT
TR LY S0 T SN M
1 -0.5 o 0.5

A E (GeV)

0O . ® oo e o 2o .
Preers e Te AN, ST .
S P IRCE RN I DS e 9 .
T U TIPS

o o o - . ® o o
A AR

© 8.0 uts % 70

-1 -0.5 0

A E (GeV)

90% (50%) of signal MC events are shown as light- (dark-) shaded regions

Experiment

Reference

Upper Limit @
90% C L.

Luminosity

(10°%)

(fb'! @ Y(4S)) (unless
otherwise mentioned)

T e Y

Belle

Phys I ett B666:16.2008

12

535

BaBar

Phys.Rev.] ett.104:021802.2010

33

470 @ Y(4S), 31 @ Y(3S), 15
@ Y(2S)

T — IJ’_ -\‘;

Belle

Phys.Lett.B666:16.2008

45

535

BaBar

Phys Rev I ett.104:021802.2010

44

470 @ Y(4S), 31 @ Y(3S), 15
@ Y(2S)
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|Decay Mode |[Experiment|| Reference |Upper Limit @ 90% C.L.|| Luminosity |

(10-% (fb! @ Y(4S))
1" —>e et e ||Belle Phys I ett B687:139-143 2010 X7 782
| [BaBar |[Phys Rev.D81:111101(R).2010| 29 I 468 |
1" — w et e ||Belle Phys I ett B687:139-143 2010 18 782
| (BaBar |Phys.Rev.D81:111101(R).2010|| 2.2 | 468 |
1 — e u* p||Belle Phys I ett B687:139-143 2010 2.7 782
| [BaBar [Phys Rev.D81:111101(R).2010 9 | 468
1" — w pt p||Belle Phys Iett. B687:139-143 2010 2.1 782
BaBar Phys Rev.D81:111101(R).2010 33 468
1 —e ute ||Belle Phys I ett. B687:139-143 2010 1.5 782
BaBar Phys Rev.D81:111101(R).2010 1.8 468
1 — w et u||Belle Phys I ett B687:139-143 2010 1.7 782
|[BaBar |[Phys Rev.D81:111101(R).2010|| 2.6 | 468
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Summary of LFV in Tt decays

10°
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90% C.L. Upper limits for LFV t decays
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LFVin Y(nS)—It (I=e,u) decays

Deca
108 el | LAIS0e leptonic Y(3S)— et (x¥ndf=52.4/49)
Y(3S)—et | touvv leptonic et T -
. _ —1 11} I I -
Y(38)—et | tomwn’v/in'n'n’v | hadronicet | S %Tzl gt ade o It g
- : A ol R L % S S R
Y(38S)—>ut T—evv leptonic pt 21 !

Y(3S)—ur TomRv/atn’n’v - hadronic pt 10°

BaBar, PRL 104, 151802 (2010) g _

B (10~°) UL (10~°) %

B(T(25) — et7F) 0.6+13105 39 E, E

B(Y(28) — p=rF) 0253573 <33 - Jr:

BI(3s8) —»e™r™) 18I1aTer <42 R o o
B(Y(35) — pFr¥) —08L15515 <31 primary lepton CM momentum / beam energy
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Limits on Contact Interaction

Constraints on coupling constant and mass scale:

:~>och-2 :  Of  BF((3S)-h) 200"
=l AT BF(Y(3S)-sll) (My(ng))*

Silagadze Phys. Scripta 64.128 & Black et al. PRD 66.053002

Oor=1—>Ag. > 1.6 TeV oyr=1-Aur> 1.7 TeV
:q>) o Combined % Combined
= Y(2S) only e = ol T (2S) only
Ssp I | As| ™ only i il
s ¥ | S |
3 BABAR 8 1 BABAR
D - Excluded | o - Excluded
e ; .
7 at90%CL | © at 90% CL
E 0 0.5 1 15 > £ 0 0.5 F 15

coupling constant olgt coupling constant
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Light Higgs/Dark Matter in Y decays ?

2 Naturalness problem: Higgs mass unstable under radiative corrections in Standard Model
2 Possible solution: Minimal Supersymmetric Standard Model (2 Higgs doublets = h, H, A, H%)

> Hierarchy Problem: Fine tune the scale of Electroweak symmetry breaking
2 Possible solution: Next-to-Minimal Supersymmetric Standard Model (introduce Higgs singlet)

2> Mixing of singlet with MSSM-like Higgs doublet can produce low mass CP-odd Higgs (A9)

> If mixing is small, coupling of A9 to Zis suppressed: this evades most LEP limits, including
those from model independent Higgs search using recoil mass against Z — et e~ or u* u-

2 If BR(H = A% A% > 0.7, mao <2mp, LEP limits on Higgs — bb, bbbb channels can be evaded

> Interesting possibility of Higgs discovery in Y= yA? decays via the Wilczek mechanism

Depending on M(A9),

Can we solve the Dark Matter puzzle and discover Higgs at the same time?

S. Banerjee
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Revisiting A°—invisible search

e-

Search Strategy for Light Higgs (A%)= Amssm CosOa + Asingler Sinfa

)

3S)= = P @ In Y(nS) rest frame, photon energy measures mass of A°:

s el
My — M

Search for monochromatic photon in the recoil mass spectrum

- 2m
i ot

~Y(3S)—yAY AS—invisible [arXiv: 0808.0017] search had large irreducible background contribution
- New search performed looking for Y(2S)—1m*mY(1S), Y(1S)—yA? A’—invisible decays

- Reduce backgrounds using Missing Mass & Di-pion recoil mass: 1/-

recoil

= Mj(os) + Moy — 2My(2s)Eny

S. Banerjee
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A%—=invi

isible: Fit Results

30F . on [ B4B4R | 10F
Projections plots from the fit (solid >z X/E=16.937 ||~ oreliminary :
blue line) with Nsignal = 0, overlayed :
20 1 10¢
with contributions from continuum ] :
background (black dashed line), 15 3 i
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dotted line) and e*e =N’ 2 T TTY 5 o g ' 7
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New limits on A%—=invisible

BaBar/PUB-10/023 [  shéis

T T T T T T T T T T T T

Stat errors only preliminary
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NMSSM Predlctuons vs. BaBar

AY%—invisible

10-3 |||I||||I||||I|||
104
>
<
?\
T 10°
<
Q } 1BABA4R
. 106 preliminary

M (<2m,
2m_<m,,<7.5 GeV
7.5 GeV<m,,<8.8 GeV

8.8 GeV<m,,<9.2 GeV
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Test of Lepton Universality

BTT_B TT
7?'7'/82 “ :B —1

Be B

Standard Model: Rrje =0
New Physics: as large as 4% (with Y(nS)—1tt decays)

Previous result: R, (Y(1S)) = 1.02+0.02(stat)=0.05(syst) CLEO PRL 98,052002 2007
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Y(1S)—ll:

Event Topology

BaBar, PRL104, 191801 (2010)
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Y(1S)—Invisible

e B(Y(IS) =»vv)~I x 105 in SM

e can be enhanced to ~10-10-3 by decays into

pairs of low mass Dark Matter candidates

R. McElarth, PRD72, 103508 (2005)
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Light Dark Matter Production
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Gauge Bosons from Dark Sector

Motivated by the galactic positron excess seen by PAMELA and ATIC/PPB-BETS

f ™ il ™
standard |Yv(1)  Uy(1)| park sector
Model ~ G,

&
\. / ~ -

Generic dark boson
Non-abelian structure

N. Arkani-Hamed et @/,
PRD 79, o15014 (2009). |
Pz
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Direct Search for Dark Matter

C om bi N ed Li m its f rom For a dark W’ with mass my the cross section can be parameterized by
(4e, 4mu, 2e2mu) channels ofeter W) = T0BaIrt (1 T

[Essig, Schuster, Toro]

LRI T T 17 1T T 17T 17T 17 17T 17T 17 7T 17 1717 71T°7 I LI T

2

1 [=e I
BABAR A" 7' F BABAR
140 preliminary BR(W —e'e”)=BR(W —p*U") . ; - preliminary -.;l:-
120 & 10°E 1_*-_‘_'..-:
100 - oot BRI
% 10° 0 ke

S &8 8 &

4 5
M(W’) (GeV/c?)

10"

o(e'e = WW'= I'T1"I") 90% UL(ab)

lllllllllllllllIllIIlIIIIIIIIIl

Figure 16: The 90% upper limit on £2a D,eff VErsus m(W’). The points are the upper limit for
each m(W’) bin while the lines are the average of the limits over many bins.
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Summary

Searches for New Physics continues ...

® UL obtained on LFV in T and Y decays ~ 10-8 and 10-¢, respectively

® UL on B(Y - YA?) ~ 10-¢ - 104, B(Y —Y invisible) ~ 10, B(Y - invisible) ~ 10~
® Some of the smallest ever UL in B-Factories obtained on Dark Gauge Bosons

Future prospects...

® Background free (dominated) searches scale as |/Luminosity (1/+/Luminosity)
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