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Nuclear reactions in the solar core

pp cycle

~ 99% of energy

99.77 % 0.23 %
ptp - 2H+e"+tp, FFe T 2 T,

| |
!

pt2He - 3He ty

l 84.7 0/0 - . l 1‘3.8 0{0 - k4 2.1 0-5 0/0
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FP-1I '
8B — “He + “He
FP-I1

CNO cycle

<1% of energy
poorly known
not directly measured yet

—
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The Standard Solar Model

The SSM is the theoretical framework which is used to
make predictions on the solar neutrino fluxes.

Serenelli et al. 2011

1013
| +0.6%
1011;//_%)[+ |
3 7Beui7%]
‘Tf—\ 10° 3 L---- :*Rep[il.Z%]
e ON[£14%L - -~ 4L --—~ v T
g 107 o---" l oo
% O[i14%]”’,-:--"""—- o "\Il 8B [+14%]
= 50--="" | I
= 10”17 0
i - Fl17%) I /:/}’
| | |
hep [£30%
1000§ : : : ep [£30%]
| | |
0.1 02 0.5 1.0 20 50 100 200

Neutrino Energy in MeV



The Standard Solar Model

The SSM is the theoretical framework which is used to
make predictions on the solar neutrino fluxes.

Recent improvements in the SSM ( >2004):

* new determination of 1*N(p,y)1>O cross section reduced CNO fluxes by
a factor ~2

« afactor of 2 better accuracy for SHe(*He,y)’Be cross section
 new opacities calculations

 more accurate solar surface abundancies

* Improved 3D models

= suggest lower metallicity Z



Prediction of Solar Neutrino Fluxes

high Z low Z

Source Neutrino Flux Neutrino Flux Difference [%]

[cm2s1] [cm2s1]

SSM-GS98 SSM-AGS09
pp 5.98(1+0.006)x101° 6.03(1+0.006)x101° | 0.8
pep 1.44(1+0.012)x108 1.47(1+0.012)x108 2.1
"Be 5.00(1£0.07)x10° 4.56(1:0.07)x10° ([ 8.8")
8B 5.58(1+0.13)x106 4.59(1+0.13)x10° 17.7
13N 2.96(1+0.15)x108 2.17(1%0.15)x108 26.7
150 2.23(1+0.16)x108 1.56(1+0.16)x108 30.0
17F 5.52(1+0.18)x10° 3.40(1+0.16)x10° 38.4
CNO total | 5.24 x 108 3.76 x 108 ;ZEB

But: low Z models are in conflict with helioseismology ( Rez, Yur)

Can solar neutrino measurements decide?




The Solar neutrino problem

Objective of the first solar neutrino Experiment Data/ SSM
experiment: Homestake 0.34+0.03
“..toseeinto the interior of a star and (ve+37CI—>37Ar+e)

thus verify directly the hypothesis of Sage + Gallex 0.56+0.04

nuclear ener eneration in stars.” 71 71
uclear energy g (Ve+' "Ga->""Ge+e)

(Bahcall, PRL 12, 300, 1964) Superkamiokande 0.4640.02
(v +e->v,+e)

L RTI

- o 68% C.L.

finally solved by the SNO experiment:

—— oy 68%, 95%, 99% C.L.

CC:v,+d->p+p+e
NC:v,+d->p+n+v,

o, (x 10°cm? s

NC
N0 =1.01+£0.12

SSM

I o 68% L.

b

. . . . GNO oo
solar neutrino flux is compatible with SSM B . 6% C.L.
1 [ o 68% C.L.
. : e 68% C.L.
neutrinos undergo flavor conversion: | -| ST N o
0 .5 ] 1.5 2 2.5 3 3.5

neutrino oscillations b, (x 106 cm? s7)



Solar Neutrino Oscillations in Vacuum

= Solar neutrino oscillations are well
approximated by 2-flavor mixing:

()= )(2)

= Only v, are produced in solar fusion

sin @
cos

cos
—sin#

and detected by (most) experiments.

In vacuum, the survival probability is
Am?L
4F

R%::I—SHEQHQHQ(

= Due to the large distance and loss of
coherence, P,, takes an average of

1
_&Ezl—imﬁzemuﬁ

survival probability P(ee)

e o e
M

: flavor eigenstates
. mass eigenstates
. mixing angle

: mass squared difference

e o
N W .

o 2 2o o
SR W
| T | |

=]

’;:lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

05 1 15 2
distance L {In osc. lengths)



Solar Neutrino Oscillations in Matter

Matter is made of e (no , T)

Resonance effect (Mikheyev & Smirnov, 1985)
adiabatic conversion in matter with slowly varying density

coherent v-e scattering affects oscillations
v, interactions different from v
“effective potential” for v, different fromv,.

Wt

(Wolfenstein, '78)

MSW Effect in the Sun:

Low energy neutrinos (pp v) = oscillations as in vacuum

P.~1-%5sin?20 =~ 0.6

High energy neutrinos (8B v) - matter enhanced

oscillations

P.. =sin?0 = 0.3

Transition region between 1-4MeV

MNeutral Current

all flavours

Charged Current
v

2
v, only d



The MSW - LMA oscillation scenario

Large Mixing Angle

Global analysis of
solar neutrino data
+ KamLAND:
Am?,, =7.6- 10° eV?

— o
912—(34i3) ﬂ-«g : ——————— "Be LMA Prediction
0-8_—
B I | I T T | I | T | I I I I | E ‘ | SNO Data
| SOIar B 0.7 e - Ga/Cl Data Before Borexino
15 - - - |
ST global ] i S
@ ’ L. T T T TEe=--a - -
0 - : 2 u
o TO_— i 7 0.5 Tl
— [ === ] -
o od | : i [+] 4_— ‘-]\
% 5[ KamLAND 7 - — _*ujnl
B : i 0.3 l I l h
o i [ | I 1 L i X - L ! T | 1 L L Lo sl
02 04 06 08 o’ 1 10,
sin29 o e
12 Oscillations in vacuum Matter-enhanced oscillations
Schwetz et al. 1103.0734 probability averages <:::> interaction with solar matter

over long distances, P,,=0.6 increases osc. probability, P,,=0.3



Solar Neutrinos: what next?

real-time spectroscopy of low energy neutrinos: ‘Be, pep, CNO, pp
(99% of solar neutrino flux is < 1 MeV)

Flux (ecm™2 s™")

- =
_-.

e
'
r e
| |
H_
[
oq
| )

B L
]

|
Serenelli et al. 2011
Solar Neutdino Spectra (+10)

Cerenkov-experiment
(SNO, SuperK)

< 10 of the total

\ solar neutrino flux

1.0 2.0
Neutrino Energy in MeV

5.0 10.0  20.0



Solar Neutrinos: what next?

real-time spectroscopy of low energy neutrinos: ‘Be, pep, CNO, pp
(99% of solar neutrino flux is < 1 MeV)

neutrino physics:

test transition region MSW to vacuum oscillations (1 — 4 MeV)
— precision measurement 6,,, Am,,?

— Non-Standard Interactions

solar physics:
— high Z/ low Z SSM

— test luminosity constraint
L= Lo

determination of CNO:
important for heavy stars

Solar Neutrino Survival Probability

e pp—— MSW=-LMA Prediction
o.8— - === MSW=LMA=-NSI Prediction

e s MaVaN Prediction

Z . SNO Data
0.7 . Ga/Cl Data Before Borexino

I Barger et al.,

B PRL 95, 211802 (2005)
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Borexino: Det:

INFN:
Laboratori
Nazionali del
Gran Sasso,
Assergi (AQ),
Italy

~3500 m.w.e

L'AQUILA

JEME Borexino Detector and Plants




S The Borexino Detector

Target: 300t PC + PPO (1.5 g/l)
in 8.5m @ nylon vessel (0.1 mm)

Fiducial volume: 100t (6 m @)

Vater A | _. , Buffer: 900t PC + DMP (5g/l)
7 A A\ In 13.7m @ stainless steel sphere

—~ Rn diffusion barrier (11m @)

, Target:

. 300t PC+PPO 2200 8” PMTs
/

(1800 with concentrators)

Muon veto: 208 8° PMTs
2200 t H,O in steel tank
18m @







Borexino: detection principle

e elastic scattering on electrons in organic liquid scintillator

Vv c .
€ \/ ve".‘ vy." ‘JT '--.________- F-l____.-"'

e detection via scintillation light:

10
- —— All solar neutrinos

+ low energy threshold

—— "Be neutrinos

+ good energy & position resolution
but:

— no direction measurement

10

1072}

— no distinction of v induced events

Counts/ (10 keV x day x 100 tons)

from other B events Lo

1_'|||||||||||||||||||||

0.2 0.4 0.6
Energy [MeV]

= extreme radiopurity of the scintillator required

shielding, material selection, purification

0.8 1 1.2 1.4 1.6



Radiopurity constraints

No specific signature of neutrino events except recoil energy of scattered e-
=> Background suppression is crucial
Intrinsic contamination of the liquid scintillator :

Background Typical abundance Goal Measured
(source)
“Ccpr2C 1012 (cosmogenic) g/g ~1018g/g ~ 2 x 1018 g/g
238 2 x10°(dust) g/g 10-16g/g (1.6 + 0.1) x 10Y g/g
(by 214Bi-214Po) < 9.7 x 10 1°%g/g (2012)
232Th 2 x 10 (dust) g/g 10-16g/g (5+1)x 1018g/g
(by 212Bi-?12P0) < 2x 10 *8g/g (2012)
210pg Surface contamination ~1 c/day/t 2007: 70 c/dit
2012: 4 c/d/t
40K 2 x 10°%(dust) g/g ~1018¢g/g < 3 x 1018 (90%) g/g
85Kr 1 Bg/m?3 (air) ~1 ¢/d/100t (28 + 7) c/d/100t
< 6 ¢/d/100t (2012)
39Ar 17 mBqg/m?2 (air) ~1 ¢/d/100t << 8Kr




Detector Calibration (2009)

Detector response vs position:

100 Hz 14C+222Rn in scintillator in
~ 200 positions

Quenching and energy scale:

Beta: 14C, 222Rn in scintillator
Alpha: %??Rn in scintillator
Gamma: 139Ce, 5’Co, %°Co, 293Hgq,
6571, 40K, 85Sr, 54Mn

Neutron: AmBe

globe box
assembly

7 CCD cameras; determine
the absolute source
position <2cm

umbilical cord

radioactive source

J DATA (blue filled) vs MC (black line), Charge (pe correction) ‘

e

0.22

0.2

0.18

0.16 =i

0.14
012

0.1

0.08
0.06

0.04
0.02
0 fi

Light Yield ~ 500 p.e./MeV

o(E)/E ~ 4.5%/E
fiducial volume uncertainty: 1.3%

energy scale uncertainty (0-2 MeV):
<15%




Borexino Expected Solar v Spectrum

Spectrum with irreducible backgrounds:

. ' | ' I ' T '
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Data reduction

14C determines low energy threshold

—
=
2]

740 days

—
=
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—
=
o

[count/5pe-day-100t]
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raw data

muons subtracted
Fid. Volume cut
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Precision measurement of 'Be neutrino rate

740 live days

102

o 10°
—— Fit: */NDF = 141/138

= Fit: x*/NDF = 99/95

—— "Be:455+15 -
— ®Kr: 348+ 17 B — "Be: 470+ 19
10 2B 415+15 L — ¥Kr:246+32
= — !1C: 289402 10 205
c 20p 6560498 = “9Bi: 40.6+2.6
- O 0T - — U 280+04

External: 4.5+ 0.7 .
pp. pep. CNO (Fixed)

ﬁ W"‘fw
\\ / Analytical Fit

\\. / MC Fit

Event Rate [evt / (1000 keV xton x day)]
Event Rate [evt / (1000 keV X ton x day)]

10 107
- \ , B |
10—2 1 I [ I\ [ \ \ |’ TN S YT TR N T R . 10—2 [ A R S R | |\| \ |/| oS o e oy
200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
Energy [keV] Energy [keV]

» A spectral fit is applied including the following signal + all intrinsic back ground
components.

—  7Be, 85Kr,14C, 11C
210Bj (very similar to CNO in this limited energy region)
—  pp, pep, 8B, and CNO neutrinos fixed at SSM-LMA value

« Fit with and without statistical subtraction of 21°Po events, based on o/p pulse
shape discrimination.

« Two independent ways (MC based and analytical) were applied.




Precision measurement of ’Be neutrino rate

102 10?
—— Fit: x’/NDF = 141/138

= Fit: ¥’/NDF = 99/95

7 P -
Be: 455+ 15 — R A
—— SKr 348+ 17 SSB"--.{:-O J—:Llfj
10 M0Bi: 415415 10 —_— jmKr. 246%32
— 1289402 HOBi: 406+ 2.6
— 20pg: 6560+ 9.8 — Uc:280+04

External: 4.5+ 0.7

.pep. CNO (Fixed
pp. pep, CNO (Fixed) Pp. pep (Fixed)

_—_-—“\\\ o,

/ Analytical Fit

l | /

10t 107

Event Rate [evt / (1000 keV X ton x day)]
T IIIIIII| T IIIIII.I_l‘ T IIIIIII| I TTTTTIT

Event Rate [evt / (1000 keV X ton x day)]
T IIIIIII| T IIIIIIT T IIIIIII| T T TTTIIT

MC Fit
10305~ —205 \6[|}0| o Ton 05 T Ta00 10300~ ~200° 600\ \soo 1000 1200 100 1600
Energy [keV] Energy [keV]

Systematics 740 live days
Source [70] 7 +1 5
Trigger efficiency and stability <0.1 abBe 46.0+1. S(Sta’t (SySt)
Live time 0.04 Kr 31.2:|:1.7(8ta,t):|:4.7(syst)
Scintillator density 0.05 “19Bi 41.04+1.5(stat)£2.3(syst)
Sacrifice of cuts Ol ¢ 28.540.2(stat)+0.7(syst)
Fiducial volume +0-2
Fit methods 2.0
Energy response 2.7 combined error: 4.5%
Total Systematic Error e

Phys. Rev. Lett. 107, (2011) 141302



V. survival probability

Pee:

Implications of the ‘Be measurement

electron equivalent flux (862 keV line): (2.78 £ 0.13) x 10° cm? s1

f0.= $/Pggy= 0.97+ 0.09

fono < 1.7% (95 % C.L.)

fBe

1.2
SSM SHPi1 (=10):
® HIGH-Met (GS8)
- ® LOV/-Met (AGSS09]
1.1 Z

P
,“v“ 4 5 \'\
fisf \'\. \
|/ . v\
| " 'Iv/ \,‘. \ ‘l‘
1.0 -
\
\

| . I
| | | | | Il
| ".’ \ | ‘ '
09 ' vsesr | |
A\ L)
\ \K' / /
0.8 -.\\. o ./l‘ Allowed regions:
(3 6827% CL.
[ 9545% CL.
1 99.73% CL.
0.7
0.7 0.8 09 1.0 1.1 12
fBo

no power to resolve low/high

no oscillation excluded @ 5.0 ¢
assuming MSW-LMA:
including all solar experiments + luminosity constraint:
— 0.003
fpp =1.013" -0.010
0.8 T e 'Be- Borexino
u : e pp -all solar
0.7 : e “B-allsolar
= s S e All solar without Borexino
0.6 i MSW Prediction
0.5 I T
0.4f—
{)'SE— |...§. ...... Fl |_i_|
02F
0.1E R . — |
107 1 10
E, [MeV]
P..=0.51 + 0.07 @ 862 keV

metallicity problem



Absence of day-night asymmetry for ‘Be v

Phys. Lett. B 707, 22-26, 2012

MSW: a possible regeneration of electron neutrinos in the matter (within the
Earth during night): effect depends on the oscillation parameters and on energy

o Borexino: Night-day spectrum - Rn —Rp R qiff
e - Agn =2 =
S 2007 Ry + Rp (R)
S o v Y A AN iy
S 200
E 400 —— "o 0041 057 cpnen solar neutrino data solar neutrino data
0 WITHOUT Borexino  WITH Borexino
3 -600 —+— ™py =.21.8 = 0.9 cpd100t i - : N
T 800 107F 3107
3 Bo spectrum (srb. units) c -
8-1000 | C 1f ]
1200 _|_ Not- Doy tpocirm 10_4-_ LMA _ __ LMA _-10—4
-1400 ; TS R I TR R A T i ‘ ‘
04 06 08 1 12 14 16 i @ 11 ;
e g 107 1F 310”7
Apn=0.001 + 0.012(stat) + 0.007(syst) = _ — B
. . < 10 == 310
* in agreement with MSW-LMA,; : 1 [ excludes
 LOW region excluded at > 8.5 o with - LOW g 1| @
. . . ) a4 E d10-7
solar neutrinos only: for the first time e 1 F99.73% CL 73
without the use of reactor antineutrinos [ | P
(KamLAND) and the assumption of CPT 10“"—07] — e e ,,.‘-lm-s

sym mEtry tan’6 1 tan’d |



Low threshold measurement of the B solar v

Counts/100 keV

Borexino energy spectrum after muon subtraction:
246 live days

10*
2.6 MeV y’s from 298T| on PMTs
and in the buffer
10°
10*
10
1
' | L |
2 4 6 8 10 12 14 le

Enerqgy [MeV]

Major background sources:

*  Muons

 Gammas from neutron capture

* Radon emanation from the nylon vessel

* Short lived (t < 2 s) cosmogenic isotopes

* Longlived (t > 2 s) cosmogenic isotopes (1°C)
*  Bulk 232Th contamination (298Tl)

Borexino threshold: 2.8 MeV
Expected (MSW-LMA) count
rate due to 8B neutrinos above

2.8 MeV:

0.26%0.03 c¢/d/100 tons

Signal/Background (>2.8 MeV):
~ 1/6000



Low threshold measurement of the 8B solar v

% raw Phys. Rev. D82 (2010) 033006

2 spectrum

i nedt | 301 o ntsiMev - - - BS07(GS%)

O | - — BS07(G5598)
FV cut + MSW-LMA,

cosmogenic, 20
neutron,

214Bj and 1°C
cuts

P TR |
14 le
Energy [MeaV]

Energy (MeV)
3.0-16.3 MeV | 5.0-16.3 MeV _

’Be and 8B flux measured with the same
Rate 0.22+0.04+0. 0.13+0.02=+ detector
[c/d/100t] 01 0.01

g :

®FS, [10°  2.4+0.4 27404 Bo.re-xmo B flux above 5 MeV agrees with
cm-2s71] +0.1 +0.2 existing data (SNO, SuperK)
®ES,, /OES,  0.88+0.19 1.08+0.23

Neutrino oscillation is confirmed at 4.2 o



The first pep v measurement

Phys. Rev. Lett. 108 (2012) 051302

—
=l
T

—— Fit: ¢*/NDF = 141/138
——— "Be:d45.5£15

A Expected pep interaction rate:
10 ir41.5£ 1

E — ¢:289+ 02 -

i —— MPo: 656.0 £ 9.8 - 11C 2-3 de/lOOt

Extenal: 4.5 £ 0.7
(=

S Main background:
..... . 11C, 210Bj, external y
\

[ . PP 210pi4nq CNO:

G0 600 80 1000 1200 1400 1600 very similar spectral shape
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CNO

11C reduction:
* Three Fold Coincidence (muon + neutron + C11)
* Novel pulse shape discrimination: e* /e discrimination (D. Franco et al., Phys. Rev. C 015522 (2011))

Multivariate analysis:

e fit of the energy spectra

 fit the radial distribution of the events (external y background is not uniform)
» fit the pulse shape parameter



11C reduction: Threefold coincidence (TFC)

u+2C -pu+HC+n in Borexino:

~ 4300 muons/day
|—> +p—>3dg-+
P d Y > 250 neutrons /day

~ 25 11C /day

NC t~30 min

—HUB + e + v,

Interaction point
and 11C
production point

T)’IUOH

position of the

n capture Effect of TFC on the spectrum
10

Spectrum of events in FV

speatrum after TPC weato

----------- Yo rate = 27 avents / (day x 100 tons)

----------- Ya rate = 2.5 events / {day x 100 tons)
HU§ pate - 54 avents J (day x 100 tons)
pep v rate = 3,13 events [/ (day x 100 tons)

----------- CHO v rate = T.6 events / (day x 100 tons)

cylindrical cut around muon
+ spherical cut around y
removes 90% of C11
residual exposure 48.5% 107 bbb

Events / (day x 100 tons x 10 ke&aV)

"
— “u,
* .&
ORI [T I B

el | | | L | | e
800 1000 1200 1400 1600
Energy / keV




pep and CNO neutrinos: results

pep neutrinos:
« Rate: 3.1 % 0.6(stat) & 0.3(sys) cpd/100 t

e ®pep=(1.6 £0.3)x 108 cm?s?

» No oscillations excluded at 97% C.L.
» Absence of pep solar v excluded at 98%

CNO neutrinos:
 only limits, strong correlation with 210Bij

CNO limit obtained assuming pep @ SSM
CNO rate < 7.1 cpd/100t (95% c.l.)

®cno < 7.7 108cm? st (95% C.L.)

the strongest limit to date

not sufficient to resolve metallicity problem

Phys. Rev. Lett. 108 (2012) 051302

Energy spectrum of recoil electrons from pep neutrino scattering
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0.06 Data after background subtraction
e recoils from pep v
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Physics implication of the Borexino results

MSW-LMA confirmed (7Be,pep and 8B measurement)

1
5 0.9 Combined analysis
D - .
- ~ Borexino&solar
: 0.8 —
a F
aQ 0.7
8 -
8 0.6 | 1
- L —t [
o = 1 ®
> 0.5 l
- - .
> 0. aF Before the Borexino results
g R
0 = @) 7pp - All solar i 0.8F
POPE L pen - Borexin s
- - 0 pep - Borexino 2 > Homestake + B

0.2 °B - SNO LETA + Borexino g 08 Mt Precieton

g - e °B - SNO + SK S o5t
T I N MSW-LMA Prediction S b

0: L L 0o ol L L L g g gl ;0-3;

107" 1 10 rs

E, [MeV] T T —

E, [MeV]

LOW excluded (solar only) by day-night-asymmetry



Predicted vs. measured solar neutrino fluxes

Source Flux Flux Measured Flux
[cm2s1] [cm2s1] [cm2s1]
SSM-GS98 SSM-AGSS09 global analysis

Pp 5.98(1+0.006)x10%0 6.03(1+0.006)x10%0 6.05(1+£0.01)x1010

pep 1.44(1+0.012)x108 1.47(1+0.012)x108 1.46(1+0.014)x108

'Be 5.00(1+0.07)x10° 4.56(1+0.07)x10° 4.82(1+0.05)x10°

8B 5.58(1+0.13)x10° 4.59(1+0.13)x10° 5.00(1+0.03)x108

13N 2.96(1+0.15)x108 2.17(1+0.15)x108

150 2.23(1+0.16)x108 1.56(1+0.16)x108

17F 5.52(1+0.18)x106 3.40(1+0.16)x106

CNO total | 5.24 x 108 3.76 x 108 <7.7 x108

metallicity problem can not be resolved with present data

high metallicity

low metallicity




Borexino: phase 2 (2012 — 2015)

Goals (solar neutrinos):

reach 30 significance of pep signal (reduce %°Bi background)
measure ’Be neutrinos to 3% (reduce &Kr and 21°Bi backgrounds)
improve 8B measurement with low energy threshold (statistics)
=> test MSW
improve limit on CNO neutrinos (reduce ?1°Bi background!)
=> probe metallicity

direct detection of pp neutrinos (very challenging, need to improve
knowledge on *C spectrum and pile-up effects)



210Bj and 21%Po in Borexino

* |ast part of the 238U chain:
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* 210po not in equilibrium

* not asurprise: seen in the CTF (prototype)

e origin not clear (surface contamination of
filling tubes ? )

* introduced Po210 with every operation

* now at~3.5c/d/t
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CNO Neutrino Measurement

10%
Main background: %1°Bi, B-decay ~ Po
similar spectral shapes 2 1000)
g 100}
g
:—E 10}
Strategy suggested by Villante et al. 2
(Phys.Lett.B701:336-341,2011): |
Constraining 21°Bi rate looking at Vo008 éi‘gMe\‘,) 1z 14 1§ 18
time evolution of 21°Po decay rate:
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Conclusions

* Phase 1 of the Borexino experiment successfully concluded
- First detection and 5% measurement of solar ’‘Be neutrinos
- 8B-v at low energy (>3 MeV), "Be-v day-night

» First detection of pep solar neutrinos

« Scintillator purification was successful, and
* rich program on solar neutrino physics:
— probe MSW through 8B at low energy, pep and more precise 'Be
— attempt to detect pp in real time

— possible interesting upper limit on CNO, probe solar metallicity

* on our wish list: a galactic Supernova
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more interesting results to come






