Particle Physics in China
Present & Future

I\/Ilhajlo Kornlcer“@
Unwprsﬂy of Hawai




Outline
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* Physics program @ BESIII
— modern exotic mesons (XYZ) @ BESIII
— Charm physics, A, light hadron X(1835)
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Ordinary QCD

All “ordinary’ hadrons are made of 2 or 3 quarks!
More precisely (QM): qq or qqq

Standard hadrons

aq. gl
@ng

What we observe:
* nucleons — p=uud n=udd
+ light mesons —» n* = ud =

 charm meson — D* = cd D- =¢cd
- charmonium — J/y = cc



Extraordinary QCD

QCD allowed but unusual == exotic:

Tetraquark Pentaquark Molecule

* multi-quark states @
Glueball L) —

g
= glueballs A

Rat Hybrid
G
" hybrids .. O ®
J=L+S
= any meson with JPC=0--,0-* 1"+ 2" ... P= (-1
C = (1)

We learn from hadron spectroscopy!
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Heavy Flavor QCD: exotics popping out!

Z(4430
X(3872) ZE3900; P,

Why do we care?

N. Brambilla, et. al.: .... understanding QCD background
was instrumental to the Higgs discovery ...!

Understanding QCD excitations in low-energy region might be
instrumental for discovering NP in precision frontier?
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Z.(4430) in Boy'nrOK

Belle 2008 . PRLI12222002(2014)
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Rapid phase transition at
the peak of the amplitude: ===
points to resonancel
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Pentaquark @ LHCDb
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Experiments
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BESIII Collaboration

Political Map of the World, June 1999
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53 institutions
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http://bes3.ihep.ac.cn

Pakistan (2)

Germany: Upiv. of Bochum
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Beijing Electron Positron Collider II

T—
¥

BESIII BEMS Linac
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BEPCII

Beam energy:
1-2.3 GeV
Crossing angle:

Compton back-scattering \ 2_2 mrad _ _
for high precision beam Design Luminosity:

energy measureme 1%x1033 cm-2s-
Optimum energy:

1.89 GeV
Energy spread:
5.16 x104
No. of bunches:

93
Bunch length:
1.5 cm
Total current:
091A
SR mode:
0.25A @ 2.5 GeV
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BESIII detector
1 T SC magnet

= 9 layers

80 ps - barrel

Be beam pipe

MDC: 5p/p = 058%,

dE/dx ~ 6% at 1 GeV
E/dx W EEEY CsT(TI) calorimeter: g’;’; (Jz'gg"g‘;' Phys: A28,
SE = 2.5% at 1 Gev NIM A614, 345 (2010)
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2~46 GeV
. 6 o ’
% r - BESI|Ss
z l & BESI|(Preliminary)
S :_ O  GammaZ2
E == pluto | [N : + +
s | % | % v %& ‘i
2 b +%+ ++1 %‘l’#
B % + 2.0.(5.45)
1
] Thresholds oy TELE2 DL
o B . . . L |
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2 3 F- ] 5
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Transition between perturbative and non-perturbative QCD
Resonance rich: charmonia and charmed mesons

Interesting thresholds: 11, DD, D*D7, A A, ...
Multi-quark states found, possible gluonic excitations...
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Data collected by BESIII
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World largest: J/vy, w(25), w(3770), Y(4260) ...
from direct e*e collisions!
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Charmonium physics:
- Spectroscopy
- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy
- glueball & hybrid
- two-photon physics
- e.m. form factors of nucleon
Charm physics:
- (semi)leptonic + hadronic decays
- decay constant, from factors
- CKM matrix: Ved, Vcs
- D%-D%ar mixing and CP violation
- rare/forbidden decays
Tau physics:
- Tau decays near threshold
- fau mass scan

..and many more.

BESIII: “t-charm” factory

% X(3780), Y(4260),
Z(3900), A, ...

< X(183bH), X(2120)
X(2370), Y(2175), Zs?,
m;(1600), f,(980)-
a,(980)...

< matrix elements for n,n’

* fo, fos, EM FFs nucleon,
hyperon, pion FF ...

“* precision t-mass
y(2S) — 17 ...



Charmonium physics:
- Spectroscopy
- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy
- glueball & hybrid
- two-photon physics
- e.m. form factors of nucleon
Charm physics:
- (semi)leptonic + hadronic decays
- decay constant, from factors
- CKM matrix: Ved, Vcs
- DO-D%ar mixing and CP violation
- rare/forbidden decays
Tau physics:
- Tau decays near threshold
- fau mass scan

..and many more.
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BESIII: “t-charm” factory

P(4354)

- [n@'S9)
Xe1(32P4)
¥e2(23P2)
X(3872)
T
¥e2{12P2)

predicted, discovered

predicted, undiscovered

unpredicted, discovered
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What do we see in the detector ?

Typical
Jy —ptw

XYVi.IlI
ete— J/y — pu ete— J/y — ete-
L 160 oan L 1%
Signal 31 | B
o 120 o
S 100 S 80
e o o
puri Ty ~ 80 ~ 60
c 60 T
900/0 g i
20F 20 T
M(u'w) (GeV/c?) M(e'e’) (GeVic?)

M. Kornicer 22 Oct. 2015 :: University of Hawaii 18



Z_(3900) — n* J/y

< Charged charmonium-like structure: e*e— z¥(z*J [/ y)

manifestly exotic: ..
Significance > 8 ¢

o —4 Data
« couples to cc b 1””; CTen
+ has charge 3 8of " prsenc
= at least 4 quarks S eof § D
. > S 6op
< whatis it ? 5 4o
& [ A
o 200y
M: (3899.0 £3.6 + 4.9) MeV/c?  obmsom ity
T: (46 = 10 = 20) MeV Myn(tJ/y) (GEV/c?)

: S+3.3+7.8)°
R: (21.5+3.3+7.8)% PRL 110, 252001 (2013)
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The first Z_ confirmed

[ 1 !
100f- PRL 110, 252001 + bata by dat?o from three experiments!
R BES]]I 3 F CLEOC data, Phys.Lett. B727 366 (2013)
% 80 - = PHSF MU o 35:_
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L - CLEOc 3885 5L 1 34 £12 14
g 20
W ok Belle: ete™ — yggd/pmtm—,
oF in Y(4260) region

37 38 39 4 41 42 CLEQC data: /s = 4.170GeV
M ax(Td/y) (GeV/c?)
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Neutral partner!
Studying e*e — #°2° J/y at different /s

|
=

by I 40 a
S oBESIT | 4230Gev | * + 4260Gev | % 4.360 GeV
E 505‘ BESIII 30 BESIII 145— BE5|_” _
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=30 8}
20 P 6
10 4
10 s , |
° 38 70 oS X 70 e R X 70 4.2
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Isospin triplet established! . NWU:ClLEOcdata @ 4.17 GeV
% 10__ ---- Phase Space @) )
= :_ ; s:t Sidebands E
M: (3894.8 £2.3 £2.7) MeV/c? £ 7|7 S
S °F 3.70!
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g 0;*‘? H—l._'—l—l—\ o e iy ; o
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Mnax(n®J/y) (MeV)
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Z.(3900): close to D'D threshold

I—) K-zt \/E =4.26 GeV
e*e”— D’ D+ ccC. Single D-tag: reconstruct 7+ and D —K-r* and
e‘e — 7DD+ c.c. require that missing mass is consistent with D;
| (do the same for n*D-D*?)
K-7* n*
oV 271. -
L% Mass [MeV/c]: | o0f PRL 112, 022001 (2014)
= 70 3883.9+1.5+4.2 sok
= 60 Width [MeV]: :
< 24.9+3.3£11.0 | 5%
2 30 40F
c bl :
© 20 ! 20
L 18 o 1 ! ! ! 0: s 1 I I I
3.85 3.90 3.95 4.00 4.05 4.10 4.15 3.85 3.90 3.95 4.00 4.05 4.10 4.15
M(D°D*) (GeV/c?) M(D*D*°) (GeV/c?)

Enhancement in both DD* modes, labeled Z(3883)
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Z_(3883): double tag D'D analysis

Reconstruct =+ and D°, D, in 4 or 6 decay modes,

plus require & In missing D* mass:
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PRD accepted

Mass [MeV/c?]:
3884.3+1.2+1.5
Width [MeV]:
23.8+2.1+2.6

Compatible with
single D-tag result,
but much more
precise!

Angular analysis:
JPC =1+
from ST & DT!
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e‘e > w@ 4.23-4.26 GeV

+ar—ar0
O— Tt T PRD 92, 032009 (2015)
o 14y 12
Q al & -
2 12 S 1oL
2 1o} - -- > I
- il “ G 8f
o 8 I — :
S o il | 8 ef
E i -1l % :"“]"' | l o |» -
e k- AR o il
T o g Il 1 e T
34 NG 34 36 38 4
(07%) (GeV/es) M(ont) (GeV/c?)
No significant Z,(3900)—mrw signal! Indicates that cC

I'(Z,(3900)—no) < 0.2 % I (Z.(3900))

Kornicer

— annihilation
IS suppressed!
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e*e — arh (1P)
PRL 111, 242001 (2013)

h.— yn.; n.1n 16 decay channels T of )
@ 13 different energies! § 100} Z40
7*h, structure observed: Z,(4020) 3 60f f#ﬂﬂ
= - =95 39 40 a4l
M = 4022.9+0.8+2.7 MeV/c? O
[ =7.9+2.7+£2.6 MeV 9
.95 4.00 4.05 4.10 4.15Mnt:;(2({}]ev,’c%.)25
e"e’ — 7°7’h (1P): PRL 113, 212002 (2014)
M =4023.9 £ 2.2 + 3.8 MeV/c?
I" —fixed

Another isospin triplet

established!

Events/(0.01GeV/c?)

39 395 4 405 41 41 42 4
Ml (GeV/c)
n max
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Z .(4020) close to D'D" threshold

— PRL 112, 132001 (2014
e*e"— - (D*D*)* +c.c.at+/s = 4.26 GeV (2014)

80 | — . - comb. BKG —4— data
Tag a D* and "bachelor” «~: ~ [ - D*D* — total fit
. : ~ L sl — — Z,(4025)
look for recoil mass against «t >0 10 H .- PHSP signal
>
after reconstructing =° to suppress E-: sl ﬁ
the background. =
__ S 20
D*D~ structure observed Z(4025): & | 4/
M =4026.3 £ 2.6 £ 3.7 MeV/c? e o e

PR S I T S
4.02 4.04 4.06 4.08

['=248+56+7.7 MeV RM(r) (GeV/c?)
If Z_(4020) and Z_(4025) are the same, coupling to D*D* much stronger
compared to zN;:  gletem — (D*D¥)ErT] = 13749+ 15 pb at 4.26 GeV
U‘[€+E_—)WiZc(4025):F—.‘r(D*D_*)iﬂq:] — 0,65 i 0.09 :l: 0,06

olete=—(D*D*)Er¥]
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Z .(4020) close to D'D" threshold

PRL 112, 132001 (2014)

Neutral partner:  arXive: 1507.02404

— T I T T T I T T T I T T T I T T T I T 80 —_ = comb' BKG + data
0 30 = e | fit
> L 4.23GeV+4.26GeV 4 ~ [ - D*D** total i
v | 2 o} 1% 5L — - Z,(4025)
g | : b {1 2 F -.-.- PHSP signal
c 20 it ! — N
g B 15k 5=d. i o 40
L - 0] 3 {1 - ~ :
1 9]
i of _- hﬁ!l 11 € |
i o .2 4.04 4.06 4.. | g 20
10 B R} (GeVic) | L i
Ay | 4.02 4 04 4 06 4.08
0 L. et el e s HM( } (GEVI’C )
4.02 4.04 4.06 4.08 4.1
RM(n%)(GeV/c?)

If Z_(4020) and Z_(4025) are the same, coupling to D*D* much stronger
compared to zN;:  gletem — (D*D¥)ErT] = 13749+ 15 pb at 4.26 GeV

olete~ —)TI'iZC(4025):F—>(D* W:F] =0.65+0.09+ 0.06

olete=—(D*D*)tr¥]
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What we know so far!

: =1 2" g .
100F M S 4.230 GeV | > 50 )
oy C Tolal fit - Gl (3 2 &
S r <v-r Background fit ——t " 100 340 2 3
3 ¢ - - 0 BESIIL g o 2 %
5 60k \ [ siseband E 40 preliminary % :‘:Jw.'.i' . g %
2 y ﬁ 0 § 60 gw ' %zo
% 40:— + " " | 0 98 39 M::?I(Ge%!lc’] E 15
» Fhider ‘ 210
& 2h 1 4 0 20 ; a
05937 38 39 40 ¢ 18 4.0 52 D95 400 405 410 dim g remee 39 395 4 405 41 415 42 4
My () (GeV/C?) M(nJ/y) (GeV/ }) M, (GeV/c') M (GeVich)
- - - +p— -t +p— 00
ete"— -t/ ete”— ] /Y ete”— T he ete"— wm h,
N(.) 90F .::: O — - comb.BKG - data f'i; 30 4.23Ga\V+4 265GV
~ 805_ im —_~ [ eeeea D*D* — total fit 3 —e Data
2 70 : L wl —- Z,(4025) o Signal MC
S a0k v o ---PHSPsignal | = I Backgrounds
= ggi ™ 2 B ws % - PHSPMC
~ A0F " Q4o H =
2 a0 ’ P g
0 208 20 ¢ 20 w
(] 10 | : -
3.é5 '2;.@'0' '2;.5'5' '4'.66' '4.65' '4'.|10 415 " a 19 195 4 405 i 402 404 406 4.08 41
. - 402 404 406 408 : : - ;
M(D°D¥) (GeV/c?) WO Ge¥e) RM(r) (GeV/c) RM{"DDHGEWCZJ
ete"— 7 (DD*)* e*e~— 7’ (DD*)° ete"— 7 (D*D*)* e*te-— ? (D*D*)°

Z.(3900)*? Z..(3900)"? Z.(4020)7? Z.(4020)9?
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X(3872) @ BESIII

Strong evidence for PRL 112, 092001 (2014)
X(3872) — wn Iy Suggestive of
M =3871.9 £ 0.7 + 0.2 MeV/c? Y (4260) — y X(3872)
.- 0 - 0 rm T T 06f
s —+ Data o - —4—data
i S § — Total fit Sl jzf:izo;pace
é 10-_ === Background 7 ?—: 0_42_ --- Linear
e : T
§ T
T TETTATNL T
oL g T ©

3.85 3.9 3.95
M(m - d/y) (GeV/c?)

* New mode of production of X(3872) and Y (4260) decay?

If we take B(X(3872) — nT 7w~ J/¢) ~ 5%, ( >2.6% in PDG)

ag(ete”—yX(3872)) -
G'{E—I'E_:;TF-"?T_J/‘;D} ~ . 10%

Large transition ratio |
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XYZ (@ BESIII

44 ne(4150) . P(4351)

[GeV/c?]

Cross section measurements
=] | completed or ongoing

(not a comprehensive list):
" et — Wy,
no wy, or wy,

Xe2(23P2)

C_ MASS

= eet—> /v & n'J/v
xe2(13P2) m ot ﬂﬂOJ/W

DD* —
= eet— ypJ/ v
3.2 - predicted, discovered " e_e+ — }/ZCJ
predicted, undiscovered -
30 - Nje(11Sa) unpredicted, discovered
0 1— 1+ 1+ D+

M. Kornicer
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What is the nature of multi-q objects?
E. Swanson: HADRON 2015

— )

QQ Loop Corrections Instantons

~
~ chiral
Q Q g O7re ? solitons

[chiral ] 5 (hadrocharmonium |
S

doubler

?

(diquarks |

"Modern Exotic Hadrons” INT workshop starts in a couple of weeks!
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LH charmonium decays - hunting ground

for light glueballs and hybrids

qq Mesans Each box corresponds
to 4 nonets (2 for L=0) A~ .
H Radi 0000 y g0/ T

7.5 — P I _ E U.:hrh'm-'- Iill_hﬁrnm
24- | G a
SN\ & 99 aqg
| 1- - -
H ]

= e}
201 e 1-+ «—— exotic e ol
=4 [ < s y (e o . (d)
4 & |1+ nonets o007 >Nooo A T
o |:| = 1++ g |:'i‘||||_ lradions F||: hadromns
L3RR 0+ Lattice =T Vo
mE g+ | 1+ 1.9 GeV X 9399
i ! O+t . . ) .
1.0 | ':_ .I'..-' — -"Ilr_.'; ¥ I'..:ll:.-'r“.:_ :_ I:._;'.. T = Ir';':l oy |'::r|rl._"':_
| l 0++ 1.6 GeV . _.

| ':. .'I .:' ¥ 'L.-.II.II | r-..'lll--lrll‘:[ :.-'I_ it 4 I.|I.:| P ':.:I[:l'--": \! |

€ “Gluon-rich” process
€ Clean high statistics data samples from e+e- production
& I(JPC) filter in strong decays of charmonium
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Light-hadrons: X(???) JF=?7

X(1835), X(2120), X(2370
PRL 106, 0?2092{20113 ( ) (PRL 10)8 11(2003{20)12] — PRD 88, 091502(2013)

Lsool 700 ?“‘3_‘
> T 600 2250
g“m' > 500 2200
3300— z 400 21505
ol = 300 > ook
Z 200 :
] 50
100 L B B LR B B g -
o 30 (a) XNy, =140 J7 e ok 4 oy WY
0L 70F =+ Data e P 16 17 18 19 2 21
S F — I'é-'IC Erojectlgn . 0.1 0.2 0.3 M(3(x*r)) (GeV/c?)
Q - Il Backgroun _-
o EI:IE - X(1835) ] M -2m, (GeV/c?)
~ 50 — . X(1560) E
o f - Phase space -
S 40, : X(1835)>KK PCzQ-+
-~ C ] siigl] JF =0, (:" 12.9 ﬂ-}
n 30 =
€. .f :
E 20¢ ] X(1560) -> f,(980)7: J°<=0+, (> 8.9 o)
.
" B gt - !, - Mass and width consistent with those of
1. E 1. 8 2.0 2 2 2 4 2.6 2. B n(1405) / n(1475) within 2.0 &
Mo, (GeV/c?)

This just an example, a lot of important analyses ongoing ...

M. Kornicer 22 Oct. 2015 :: University of Hawaii 33



Charm physics @ BESIII

Leptonic and semi-leptonic D decays are ideal window to probe
for weak and strong effects

Veq et
F el e VN
D—f B e
Ii_f' ; ; q
I Sl
F(P) A
GEF2| 2 2 _.,2 ]
' D m dlr G ‘Vd |"
n by (s) 2 .92 L - FlYed(s) 3 242
"Dy = £0) = g Vel memoyy | 1= 25 gz =X g PIE(d?)]
(s)

= Precision measurements of decay constants f,,, f ., form
factors f,P>X(n(q?) of semi-leptonic decays of D ) mesons will

calibrate LQCD calculations at higher accuracy.

= Recently improved LQCD calculations on f;,[0.5(0.5) %],
f,D>K(®(0) [2.4(4.4)%)] provide good chance to precisely measure

the CKM matrix element |V 4|, which are important for the
unitarity test of the CKM matrix and search for NP beyond the SM
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Improved form factor f, —»DX

e 0.7840.04+0.03 BES-IT
PLB597, 39 I .73 +0.14+0.06 BES-II

PLES597, 39

= 0.739+0.00710.005 CLEO-c

PRD80, 032005, 3.Par.Ser.
——  0.666+0.019+0.005 CLEO-c

PRD80, 032005, 3.Par.Ser.

F—=— 0.695+0.007+£0.022 BELLE
PRLS97,061804, Mod.FPole

— 0.624:0.020+0.007 BELLE

Fel  0.727+0.007£0.005 BABAR PRL97,061804,Mod.Pole

PRD76,052005, ISGWZ

b BESIII Preliminary
b« BESIII Preliminary

F—=— 0.747+£0.011£0.015 HPQCD F—— 0.666+0.020+0.021 HPQCD
IPRPBIE tIEU}D? lfd?ﬂf | | IPRDEJI (2011)114505 I
1 L1 1 1 | I I | I I [ |

0.6 0.7 0.8 0.9 1
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Improved |V 4| @ BESIII

Input t;,., my ., m,, on PDG and

= Method 1 B[D, ' Dltv] | —e——— V|
Input fO2K= (0) of LQCD
- Methﬂd 2 f+D+K{E}(D)|Vc5{d}| M |Vcsfd\|

Method:D }—utw

F— 1009400400020 CLEO—c |--| 0.230+0.011 PDE2014 (vV)
CDHS , CCFR, CHARMII , CHORUS

- 041+0.03310.032 Belle 0.22340.010=0.004 HPQCD Caleculation
PRDES6 (2012) 054510, CLEO—c (D *—>|1l*w)}
Method:D }—1Trw

—=—] 1.015+0.030+0.018 CLEO—c H 0.22540.006--0.010 HPQCD Calculation
PRDE4 (2011) 114505, CLEO—a (D —mTa’w)

0.2210+0.0058+0.0047 BESIII (D *—utw)
PRDES (2014) 051104 (CHARMZ0O12)

T
=

=— average (D :—}.'l.*'l.r]

BESIIT Preliminary (D O atwr)
Method: D —Kea v

= 0.961+0.011+0.024 HPQCD
PRDE2Z (2010) 114506 -
Based on CLEO—c&BaBar ol O, 2060, DT =0 DD
I Babazx P:l:'t:'liminary{[)c T @ %)
—=— BESIITI Preliminary
1 1 1 1 1 | ] 1 ] | P TR SO TR T NN SO TN M AN TN NN T N N SN A |
1 1.2 0.2 0.3 0.4 0.5 0.6 0.7

| Vl:s | Ivcd |

Sl will take 3 fb-! data at 4.17 GeV in 2016, improv
measurement of f_, and |V_/| by D_.*=>I"v is expected in the
future
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A, @ BESIII
A—pK. @ @ (m) 12 modes used in

A —pkT reconstruction of A,
2 covers ~1/3 of the total
A —pKw
decays.
\, —pK'n @ (}.}
e e’
A —pknn’ G
A— A’ . .
Constructing particles
AT AR R @ from final state particles:
A— An'nx . KS — 7T+7T_
A 0
Az ) P Sy
e A-prm
A " =~ ZO £ s A}/
A — SRR e Xt - pr?
A— 50 e w-ontnn°

A*. - Ae*v, is c— slv dominated, provides important info for:
 testing theoretical predictions for B(A*, — Ae™v,)
« LQCD calibration

« additional information for determining CKM elements



A. @ BESIII

3000 Mode _-N"_?ST
000 pK Y 1243 £ 37
1000} pK 71t 6308 & 88
w600} pK2m" 558 + 33
> 4{.{.5 pffg?fr?r_ 485 + 29
E Z{I{Ié pI{_ﬂ”LTO 1849 + 71
S Ant 706 + 27
s W0t Antza® 1497 + 52
= Anta—mt| 609 + 31
0 0+ 522 4 27
i a0 309 + 24
200 Strta— [1156 + 49
100} Ytw 157 + 22

536 228 23 226 228 23 226 228 23 -

M, (GeV/c)
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A. @ BESIII

C

Single Tag (ST) Double Tag (DT)
3-:1-:1-:1;- oK’ oK T o ) : '
2000 S :

1000

A
ﬁ{m;— At
100

200

Events/1.0 MeV/c?

L 4
’ AT Y
300 :

Events/2.0 MeV/c*

200}

100}

; 0_4+_- 3
10f L - E+T':ﬂ|
200 N ﬁ.\u. IIMLJHM
100f 226 228 2.3 2.26 2.28 23 226 228 23
P My (GeVic?)
2.26 2.28 2.3 226 2.28 2.3 226 2.28 2.3
ST sum:~1.5K

M, (GeV/c)
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A, @ BESIII

We perform a simultaneousfit to all tag modes, taking into

account the correlations. BESII preliminary
Decay modes global fit B PDG B [1] Belle B [6]
pKg 1.52 + 0.08 £+ 0.03 | 1.15 = 0.30
pK~—nt 58440274023 | 50+13 | 6.84+0.24102
pKgm° 1.87£0.13£0.05 | 1.65 £ 0.50
pKgntn™ 1.534+0.11+0.09 | 1.30 £ 0.35
pK—atx® 4534+023+030 | 3.4+1.0 v B(pK mwt): BESIII
Art 1.24 £0.07 £0.03 | 1.07 £0.28 . , .
Artz® 7.014+0.37+0.19 | 3.6+1.3 prem,smn SO P R
Arta—at 3.81 40244018 | 2.6+0.7 Belle’s result
g g 1.27£0.08+0.03 | 1.05+0.28 | v BESIII rate B(pK—m™") is
I o 1.18 £0.10+£0.03 | 1.00 & 0.34 smaller
Strta— 425+024+020 | 3.6+1.0
N 156+ 0204007 | 27+1.0 | ¥ Improved precision of the

1 other 11 modes significantly

stat. and sys. err
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Dark photon & light Higgs

arXiv.org > hep-ex > arXiv:1510.01641

High Energy Physics - Experiment

Search for a light CP-odd Higgs boson in the radiative decays of J/psi

The BESIII Collaboration, M. Ablikim
(Submitted on 6 Oct 2015 (v1), last revised 10 Oct 2015 (this version, v2))

We search for a light Higgs boson A%inthe fully reconstructed decay chain of J /¢ — '}'An, A" ptp using (225.0 £+ 2.8) x 10° J /1 events collected by
the BESIIl experiment. The A” is a hypothetical CP-odd light Higgs boson predicted by many extensions of the Standard Model including the Next-to-Minimal
Supersymmetric Standard Model. We find no evidence for A° production and set 90% confidence-level upper limits on the product branching fraction

B(J /9 — vA%) x B(A® — p' p ) inthe range of (2.8 — 471.4) x 10 ® for 0.212 < m o < 3.0 GeVic®. The new limits are an order of magnitude below
our previous results and can exclude a large portion of the parameter space of the new physics models.

- — Observed limits . Dark phOTOH exclusion @ BESIII
- - - Expected average limit 1 102 — T
- I Expected limit (68%) . KLOE 2013
Expected limit (95%) m
& 10°E E
3 | : -
% - 1 10° _
10 < |
.: ..|_....|....|_....J,....|_....|._
0.5 1 1.5 2 25 3 104 N N
m,. (GeV/c?) 102 107

10
m,. [GeV/c’]
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What else can we do (@ BESIII?

UH contribution!
Gary Varner

Tao Luo (left)

Fred Harris

-~



Leptonic world: t-mass

m, is a fundamental parameter in SM:

B(T — E?’U’l_)) gimf 0 = ~
T - 1923_53 ( m, + my, + \/@2

T

m, +my, + m; 2
3

Test lepton universality: ¢ =g. =¢-

2 5 B
9r T, (my\ B(T — evd)
z — 1 Fur il FA,
(-‘i'pt) Tr ('m-T) B(;L—:reuﬂ)( T “)( T )

Heaviest lepton, known with least precision:

» M.=0.51099891010.000000013 (2.6x107%)
» M,=105.6583671+0.000004 (3.8x107®)
» M_=1776.82 +0.16 (9.0x10-5)



Threshold scan: need BEMS!

Measure Compton scattered photon energy with high precision!

- - E m?2
positrons - __—— tlecirons E =""|14./1 c
_-____h"_‘::n-::"'___-- ° 2 " 5"'." ‘E‘"".'r
RIIAMB RIIAMB
— HPGC
— - ﬁﬁ‘%ﬂ* ’ *%“ﬁ 3 e
E 1.5m 1.8m E
— 5
1 éom,,/m , =2 x 10~

V7 A A /A V////////j’////////,l V/////////////////A__ O0A/ A= 6%.
! 6.0m ‘f é[ ?zzul..
] 6—9 l ©
Laser Lenses ! 1o
i 120 F
' 100 [
80 :
NIM AB59, 21 (2011) -
20 [

575 680 685 3840 3895
W, Metf
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Analysis: 18 scan points

7@ Iy 4@ 7 @ w(2S)

using only 1/5 of proposed data = 24pb-!
Ingredients: AL/ £<2%

» Luminosity from yy and Bhabha events (Fred)

» Hadronic cross-section: energy scale and energy

spread from resonance line shapes (Mihajlo)

» T Cross-section: 13 two-prong decay modes, ee, ep, em,

eK, up, uK, K, KK, ep, up and rtp (with

accompanying neutrinos implied) (Tao)



Hadronic cross section

5 1400 = R PR
o 1200:_ IF' '*i +%ndf = 3.828/ 3 o 400:_ . +=10.1/3
1000 A 3005—
a0 Y = w(2S) |
600f [ 200[
400F i [ X
- f 100 ' -
2{]0:— - r /;"' -..___‘__
2885 3090 3095 3100 3105 3110 3115 3870 3675 3680 3685 3690 3695 3700
ECH [MEV] ECM [MEV]
Extrapolate mass correction, AM and energy spread ém to T region:
1800
% 250: Linear fit: At,=54:30 %. C T iw Eezm'rr:c:;tz g
x 200 —— Const: At,=43+20 X, L 6: BEMS-
= - —— Sys: At =11 ':g 21600
<] - L
150 -
- L & 1400
100> | __—T =
50:—T/ E 1200}
: g i PR B R T SR
Moo 3200 3400 3600 3800 — 10%00 3200 3400 3600 3800
Ecn [MeV] Ecu [MeV]
- 2
AM =54 + 32 KeV/c Sw = 1.469 + 85 MeV/c?
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T- Cross section

- 1 o0 _{ECM_E;:LI}Z l_ﬁz_ o (E" \/m ms)
o(Eca. m.. 5.]3:121\-15 _ f dE e 2(6BEMS)2 / CM o B (. Bl 1\~om y T
( CM; r My } V/ﬁ&EEhIS . CM 0 ( . DM) |1 _ H(ECI".'I”E
2-0 __‘ I | L I-
LR L B 3 . o = 1776.91 + 0.12 MeV /2, -
ARGUS  1776.3035 cC " Rpatasmc = 1.05 +0.04, i
BES {961} 1??"5_95_*5_;'1 ~ 1_5 — . _ U_n_]g b _
+1.50 c B B i ]
CLEO 1778.20" = o B i
OPAL 1775.10% % = i i
BELLE 1776.61'22 O 1.0 -
KEDR 1776.81% C% . -
BABAR 1776.68,05 0 i i
PDG12 1776.82:21% o 050 ]
BESIL 1776913y O - -
T B RS - PRD 90, 012001, 2014
1766 1748 1770 1772 1774 1776 1778 1780 00— | =
T mass (MeV/c?) 3540 3550 3560 3570 3580 3590 3600 3610
W (MeV)
The most precise measurement so far, tests
. . 2
lepton universality @ 0.4 o level: > (g./8,) =1.0016=0.0042
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x..— hhh (0-0-0-)

Assume two-body processes: 17 — (0°0)0"  (nmn)
1=0: ¥, 2 RM; R, 2> 7w pC
1=1: %, 2 RT; Ry>nm

L Decay sequence

S-wave: the lowest orbital 0%t P fo(980)n, ag(980)r
1=t S,D 71(1600)7

(

two-body excitation,/’ )
manifestly exotic ¥ R F (12700, a(1320)m
47T F,H f4(2020)n, as(2040)7

PRD 78 74023 (2008)

m,(1400) ->nr : GAMS, KEK, C. Barrel, E852 é’
7,(1600) >f,7; n'm; bw: VES, E852, COMPASS, CLEO-c | E’.—;
Old 4q candidates: a,(980) - nr, f,(980) - nn: m__ %
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450M W(25)—= X1 5 1™ NAT

HADRON 2015

N(x,) ~ 35000 compatible with a,(1700) hypothesis
& 6000F HESEE S — 19073, 18
o - - % H— a,(980)
> E B€SI[[ o g s a,(1320) 16
E 5000: preliminary ,;,'g' : , " f2{1 270} 1 4
= 4000 * ° 6 | e feature Fqo
€ : S i 10
2 3000 N 8
> E .F 4_.
2000 = I 6
| ; = 08 s
1000:_ : .'_- % I T._L-::a ' 2
B : .I . .*-.I.-.,.o‘llI I"I 0_ . '-'*; o < M e i e S e R " 0
94 345 35 355 36 0 |2 14 6 & 10~ 12,

M(nr'r) [GeV/cY] (n*) [GeV/c?P

Purity after background subtraction: 98.5 + 0.3%
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450M W(25)—= X1 5 1™ NAT

o~
2]
- 1 —— 2009 + 2012
> 600 e BESII
= i -+ Syl preliminary
2 pcrch 2 m—»rmn
= e £,(1270)n
o 400 e B(980)
b= - ay(1320)n
:.. R =iz
D el
200 *
& SR
0 R l;::;;‘?,\.\._‘.A..;;'Tl;\-.-.;.l;;';.;:",;-v‘
0.5 1.5 2 2.5 3 3.5
M(nr) [GeV/c?]
)
S nnt S-wave:
o 600 N/D by A.Szczepaniak
E - PRD84, 112009
~ I a,(980):
“» 400 dispersion integrals
"E L PRD78,74023
@ L .
>
[+}] -
200
0 .:;i;r.«a::'.':."'?{'::u:;-k;.f.';:':.-;,‘ — »l- — L-l- : ‘ ;‘;'r_l
0.5 1 1.5 2 2.5 3

M. Kornicer

M(*rt) [GeV/c?]

e Clear evidence for a,(1700) in x_,decays.

Decay mode

B(xe1 — nrta™) x 1073

nrta~

4.819 £ 0.031 = 0.088 = 0.210

ap(980)F 7+
as(1320)*7F
az(1700)F7F
Skr1

SppT

TS
f2(1270)n
f4(2050)n

3.506 = 0.034 £+ 0.182 + 0.153
0.185 £ 0.009 = 0.038 £ 0.008
0.048 4 0.005 £ 0.014 £ 0.002
0.123 4 0.007 £ 0.018 £ 0.005
0.791 £ 0.019 = 0.037 £ 0.035
0.859 4 0.021 £ 0.031 £+ 0.037
0.371 &= 0.012 £ 0.054 £+ 0.016
0.027 £ 0.004 = 0.009 = 0.001

BESIII Preliminary
m1(1400)F7F
71(1600)F7F
71(2015)* ¥

U.L. [90% c.1]

0.028 £ 0.010 < 0.048
0.005 £ 0.005 < 0.016
0.003 £ 0.002 < 0.008

¢ First measurement of g;m # 0 using ay(980) — nm line shape.
e Measured upper limits for r1 (1™ ") in 1.4 - 2.0 GeV/c? region.
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BESIII summary and future

Very rich and fruitful program:
» 3fb! @ 4.17 GeV expected in 2016
= Lots of proposals, including high precision t-mass

= Plans to continue next 6-8 years, partially in XYZ

L
v
¥(3770)

Above open charm
threshold

R scan and tau

Y(2175)
¥(4170)

M. Kornicer

1.3*10° 21x BESII 10*10°
0.6%*10° 24x CLEO-c 3*10°
2.9fbl 21x CLEO-c 20 fb
0.5 fb-l@1(4040), 1.9 fb! @~4260, 5-10 fb-l

0.5 fbl@4360, 1.0 fb'! @4420, 0.5 fb™! @4600

3.8-4.6 GeV at 105 energy points
2.0-3.1 GeV at 20 energy points

100 pb-1(2015)
3 fb! (next run)
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What'’s next
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High Intensity Electron Positron Accelerator
(HIEPA)

Collaborative Innovation Center
for Particle Physics and Interaction

University of Science and Technology of China
Institute of High Energy Physics, CAS
Institute of Theoretical Physics, CAS
Tsinghua University

University of Chinese Academy of Sciences
Shangdong University

Shanghai Jiaotong University

Peking University

Nanjing University

Nankai University

Wuhan University

Hua Zhong Normal University



HIEPA: super t-charm factory!

= provide unigue opportunities in the energy region that bridges the
perturbative and non-perturbative QCD

= search for new forms of hadrons and explore the structure of hadrons
= search for possible NP at high intensity and high precision frontier.

Detector TR—
\ Crab sextupole

\ Damping wigglers

\ / Drift for FEL  RF Cavity

Key features:

« HIEPA covers the CM energy of 2-7
GeV

peak luminosity L = 10% cm?s
possible polarized beam

serve as a 3rd/4th generation SRF
do FEL studies ..

!

1
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CEPC & SppC

CEPC is an 240 GeV Circular Electron Positron Collider, proposed to carry
out high precision study on Higgs bosons, which can be upgraded to a 70 TeV or

higher pp collider SppC, to study the new physics beyond the Standard Model.

et IP1

SppC HE Booster

SppC LE Booster

IP4 P2

SppC Collider Ring
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CEPC & SppC

Phase 1: e*e” Higgs (Z) factory two detectors, 1M ZH events in 10yrs
E_,~240GeV, luminosity ~2x103* cm™2s7!, can also run at the Z-pole
Precision measurement of the Higgs boson (and the Z boson)

Phase 2: a discovery machine; pp collision with E_, # 50-100 TeV; ep,HI options
Discovery machine for BSM

400

- -
optimal energy
Higgs mass = 125 GeV

Cross-section (fb)
s 8

O i i A
200 250 300 350 400
E..(GeV)

QingHuangDao site
Googleearth 300km from BEljlng

25 K WUAERSE 40.77 A8
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CEPC & SppC: preCDR review

“The committee considers the CEPC-SPPC to be well aligned with the future of China’s HEP
program, and in fact the future of the global HEP program.”

“The committee strongly endorses the physics case of the CEPC, as outlined in the
preCDR, recognizing it as an essential step in the understanding of Nature”

“The Committee has been very impressed with the progress during such a short
period of time, as well as the work and presentations shown, mostly done by the

young generation, who are the ones that can devote their carriers to this project
through the coming decades”

* Physics goals and precision reachable (preliminary)

(otechnological obstacles that cannot be overcoD

* Specification of R&D items

e |nitial cost estimate

e Complete preCDR (implement reviewers comments),
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CEPC & SppC: Pre. R&D and funding

1. [IHEP internal investment ~10M RMB
organize teams, initialize preliminary R&D

2. Seek funding from Chinese Ministry of Sci. & Tech.
kick-off R&D

In May 2015, the CEPC Study Group decided to begin the CDR process,
with a preliminary target date of completion: end of 2016

An International Advisory Committee has been formed to advise
the CEPC SG on int’l collaboration, organizational structures, governance,
Science & Technology issues, etc.

M. Kornicer 22 Oct. 2015 :: University of Hawaii

59



Future in China seems bright!

¥ et -'.(,'.7.

A

Kornicer 18 May 2015 :: CHARM 2015




R&D plan of the 20 T accelerator magnets

(Very Preliminary)

* 2015-2020: Development of a 12 T operational field Nb,Sn
twin-aperture dipole with common coil configuration and 10
field quality; Fabrication and test of 2~3 T HTS (Bi-2212 or YBCO)
coils in a 12 T background field and basic research on tape
superconductors for accelerator magnets (field quality,
fabrication method, quench protection).

* 2020-2025: Development of a 15 T Nb,Sn twin-aperture dipole

and quadrupole with 10* field uniformity; Fabrication and test
of 4~5 T HTS (Bi-2212 or YBCO) coils in a 15 T background field.

* 2025-2030: 15 T NbySn coils + HTS coils (or all-HTS) to realize
the 20 T dipole and quadrupole with 10* field uniformity;
Development of the prototype SppC dipoles and quadrupoles
and infrastructure build-up.

a long term plan for SC 20T magnets is being developed
will be a world wide effort



Multi-quark objects
) )

ﬂ-ﬂ-hﬂ KTTXCJ
7w D*D*
7, (4050)
Z.(4025
(4025) Z5(4250)

] 2 Bestr -y oo
R. L Jaffe — No fundamental distinction between “tetraquarks” and

“meson-meson bound states”.

/ WL\ T )
mhY why(nP) pJ /Y
mBB”
Z,(10610) P,(4380)

Z, (10650 P. (4450
@ @ (210650 (4450)
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Z_(3883): angular analysis

PRL 112, 022001 (2014)

0-, m in P-wave: dN/ d cos0,, < 1 — cos?0,, - 05
1-, min P-wave: dN/ d cosf, « 1 —cos?6, © o4
1+, 7 in S-wave : dN/ d cos@,, « flat = o
(assuming D-wave small near threshold) e e ¢
0*: excluded by parity conservation g 03?:
L 5.05F
Data Clearly favor JPC =1+ 0702705704 05 06 0.7 0.8 0.9
|cos 6,
If Z,(3900) and Z_(3883) are the same:

B(Z. — D*D) _ 69411497 Open charm decays
B(Z. — Jhp) clearly suppressed:
Compare to: different dynamics in
B((4040) —» DOD™) Y(4260) - Z.(3900)

B(1(4040) — J/pn) system!
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i&=2f What do we know so far!

Z.(3900)*  3899.0+3.6 +4.9 +10 + ttIy  efe—ntnliy

Z..(3900)° 3894.8+2.342.7 29.61+8.2+8.2 Iy ee—n'n’Jy
3883.9+15+42 24.81£3.3+11.0

7.(3885)" [single D tag] [single D tag] D'D*  e*e—n'D'D*
¢ 3884.3+1.2+15  23.8+2.1+26 DD* e‘e—n'DD*
[double D tag] [double D tag]
ete — n“(DOD*O)
Z.(3885)" 3885.7125+8.4 35.0 11 + 15 (DD*)° o (DD
7.(4020)T  4022.9+0.8 £2.7 7.9+2.7+2.6 nth,  e‘e—mmh,
7..(4020)°  4023.9+2.2 +3.8 fixed n’h, ete—n'nh,
Z.(4025)" 4026.312.6+3.7 24.8£5.6£7.7  D*'D* e*e—n*(D" D¥)
Z.(4025)" 4025.5%2943.1 23.0+6.0+1.0 (D*D*)? e‘e— n(D*D*)"
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e‘e > yw'n y. @ 4.2-4.6 GeV

arXiv:1503.08203 X(3823) candidate
consistent with
Reconstruct y.— vy J/w— y Il v(1°D,) — v 7.
look for zzrecoll

+ J—
g @ - % 25 — e'e” - X(3823) -z
2 25 e 3 , fData-ll BESIT == ( ) YA
P %) mocenmea | = F Tt [ preliminary gy oend
- J -— -
B = X(3823) B _Cross-section v.s. energy
& 10 & o 25¢

5 = - -+data

L R Ltk S Ll L g L 2F — Y(4360)

26 Y AR T R Y Y e | ey R 3’5 - B'ES]]I --y(4415)

M) (GeV/cd) Me@lir) (GeV/c?) 4.-.: 15 - preliminary '\\-. / ‘-“.l

45, B0 —+-Data %P —+- Data T - ."II i Y
> o5k Data-| — Fit = Data-l| — R 2] N / k
2t T monn | X2 T " QI /|
SR 2 15 | < - " N
£ 1sf £ = o i g
+ wk & 10 E 03¢ /,f : — e

3 5 ';g ok e N I T I

AN S e iee Bb il Nt nd 4.2 4.3 4.4 4.5 4.6

T e e E., (GeV)

M) (GeVic?) M) (GeV/c?) . . .
- Line shape consistent with both
M =3821.7 1.3+ 0.7 MeV, significance 6.7¢ P
Y (4260) & Y4360

I <16MeV at90% C.L.
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GEF2,
In the SM: r(Dfy = £ = TH Veg(s)*mimpr |1 -

D™ Leptonic Decays

0000000

Bridge to precisely measure

M. Kornicer

= Decay constant f, ,, with input |‘u',m:,{5)|C"“"""i1”f'l’-*r

= CKM matrix element |V 4 | with input f-Q¢0,

22 Oct. 2015 :: University of Hawaii
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Semi-leptonic Decay D' K(n)e*v

VCCI e

kS - [~ ( —
. ol =, L 5 {
—_ e \ YO <
— s e A
e,

f (o)

. . dl Gzlvcd s |2 2412
Differential rates: s = X~ 5,5 Pl (@)

Bridge to precisely measure:

= Form factors f,°"(™(0) with input |V | “KMfitter

— Single pole form — Modified pole model
o g S (0) . (2 S (0)
S q; = ————— 2 . ¢ — 2 2
v (g7) 1 — M,rmh. f+(q”) = M,rm]“ Vel — A;.-;ml“)
—ISGW2 model _, — Series expansion model

¢ 2

L 4 { T3¢ 9 9 9, | / \
fild®) = fildda) [ 1+ 222(, - ) | y__ 1
' e "--. 12 e IO = et

ag(tp) ( 1+ S r(to)[2(t, fo.)}k)
k—1

= CKM matrix element [V | with input f,-QCD.D>K(x)(Q)
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Comparing existing fj, fp

L | LI B R S N 1 L LI B B B B T
Experiment 203,94 4.7 256,09 = 4.4 b 1.260 0035 |t
Lattice{ HPQCD) 208,34+ 3.4 245.04£35  |af 157 2 ool
Lattice{ FNALFMILC) | |
PGQL =+ =an
LCD Sum Rules —— —s— |
QCD Sum Rules —= e
@C0 Sum Rules = —
QCD Sum Rules —— —]
QCD Sum Rules — _
@CD Sum Rules ] ——]
Field Corralations |55 HSH
Light Front (Fixed) e .|
T R - T R T I R I- Y I R N R N
for (MaV) for (MeV) foad for
Experiments Femilab Lattice+MILC (2014) HPQCD (2012)
Averaged Expected A Expected A
fp.(MeV) 203.944.7 212.610.441°_ , 1.80 | 208.313.4 0.8c
foes(MeV) 256.944.4 249.040.3*11, 1.7¢ | 246.01£3.6 1.4c
fosfoes 1.260+0.036 | 1.171240.0010*0%028 .. | 2.5¢ | 1.18740.013 | 1.9¢

M. Kornicer

22 Oct. 2015 :: University of Hawaii

= Precisions of the
LQCD calculations
of fp.s foees Fosifpe
reach 0.5%, 0.5%
and 0.3%, which are
challenging the
experiments

= The experimentally
measured and the
theoretically calcula-
ted fy,,, fooss foiifpes
differ by about 2¢

= Improving
measurement with
larger data sample is
necessary!
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T- Cross section

o
# 1 dm=
=T

) (B —Elyy)? P
]. fﬂﬁ dE:-_‘-"IE EE;;%IELi;:;I%I} / Ewa dIF(I E:_—‘h]:) a1 (Eéh[\.-' ]_ — I, m".l')
0 - 11 —T](Ecm)|?

21y

Ni o=t )
L(m.,, Rﬂugumm: oB) = at p:;,l Hi = [R.Dum,wc X € X 0(Egcy,mr) + 0] X Li € = >, Brjeij
= i - scan point; j — decay mode
Plan for 30 days : 100 pb! 20 .
ARGUS 17763022 _CC) C | my = 1776.91 £ 0.12 MeV/c?, i
BES {96‘} 1?76.96_%? ~— 1 5 __ RU&M}M’C = 1.05 + []U'-—l, __
CLEO 1778.2020 (- T B = 012 ph, -
OPAL 1775.10% &0 O i i
BELLE I?TE.GI_%E "5 1.0 B N
KEDR 1776.817 () B i
BABAR 1776.68% 1 CD i i
PDG12 1776.82'0.% ) . -
BESII 1oty 0 0o .
1766 178 17I?0 1?I?2 1?|?'4 1?‘6 17|?8 1780 6 i PRD 9{]’ 012001 i
T mass (MeV/c?) 00—
2540 3550 3560 3570 3580 3590 3600 3610
The most precise measurement so far, tests W (MeV)
. . 2
lepton universality @ 0.4 o level: > (gr /g#) ~1.0016+0.0042
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T - selection: data vs. MC

MC normalized by the luminosity and ratio of
efficiencies for t-pair identification in data and MC

1 2 3 4 Total
Final state Data MC Data MC Data MC Data MC Data MC
ee 0 0 4 3.7 13 12.2 84 76.1 101 92.0
ep 0 0 8 9.1 35 314 168 192.6 211 233.1
en 0 0 8 8.6 3 29.7 202 184.4 243 222.6
ek 0 0 0 0.5 2 1.8 16 16.9 18 19.3
pp 0 0 2 29 8 9.2 49 56.3 59 68.4
un 0 0 4 39 1 14.1 89 86.7 104 104.7
uk 0 0 0 0.2 3 0.8 7 9.0 10 10.1
an 0 0 1 2.0 5 7.7 57 54.0 63 63.8
K 0 0 ! 0.3 0 0.8 10 8.2 3 9.3
KK 0 0 0 0.0 | 0.1 | 0.3 2 0.4
ep 0 0 3 6.1 19 20.6 142 132.0 164 158.7
up 0 0 8 33 8 11.8 52 63.3 68 78.5
ap 0 0 5 34 15 10.8 97 96.0 117 1102
Total 0 0 44 44.2 153 151.2 974 9757  |1171 11710 |
Agree well
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Source

Am_. (MeV/c?)

Theoretical accuracy
Energy scale
Energy spread
Luminosity

Cut on number of good photons
Cuts on PTEM and acoplanarity angle

mis-ID efficiency
Background shape

Fitted efficiency parameter

Total

0.010

+0.022
—0.086

0.016
0.006
0.002
0.05
0.048

0.04

+0.038
—0.034
+0.094
-0.124

M. Kornicer

22 Oct. 2015 :: University of Hawaii

T — mass: systematic uncertainties
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BGS]]I T S-wave

Adapted by A. Szczepaniak from Eur.Phys.J.C9,141 (1999)
PRD50,3145 (1994)
1. Skk :for KK—nn

2. S, :for tm—nn, expanded using z,, ()

0 0 ! 0 I .2 g0
S(S)W?T = cUS?ﬁT + GIEKI{S?T:T + clzt‘f-"sﬂﬂ + cﬂzsfsﬂﬂ

T .

; 2'5: L Vs+so— 1/4m'§{ — 5

E_ 2t l VS + 8o+ 4m'_2r{ — 8

£

p 1.5

o : Q) — VS + 89 —/sl—s

£ 1: v \/S—i—S(]—i—\/S.’—S
0.5}

m2_[GeV/c’f

M. Kornicer@UH 13-18 September 2015 :: HADRON 2015 72



BESI a,(980): dispersion integrals

Using dispersion relation; instead of Flatte
parametrization, based on PrD 78 74023 (2008)

1 ™ ImlI.(s")ds’
Do(s)=m?2—s— 2 II.(s) Imll.(s) = g2pe(s) Rell.(s) = ;P / nzqr, 'ES 3; ”
A ) ’

—1 Z I'mll...

D,(s) =mi —s— Z Rell.(s) — Rell.(myg)

L —Imll,(s) 0.5F

- _ImI'I“{sl -
P () :
D'B. p:,:[s] e i l].dlE
i ) 0.3
0.6 :
- 0.2
u.1§

f 0.1k

051 A5 2 25 3 35 4 05 1 15 2 25 3 35 4

s [GeVIc] s [GeVIc]
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Daya Bay resuﬂ

18
16
14

Events/day (bkg. subtracted)

—+— Far site data
B Weighted near site data (best fit)
- Weighted near site data (no oscillation)

ad L P 1 P | 1 e

TETTT lllIIll!Illllllllllllllllllllll

Far / Near(weighted)
o
&

| UL LA

2 3 n 5 3 7 8
Reconstructed Positron Energy (MeV)

sin2 2913 — 0084t888§

From the last non-measured to
Mostly precisely measured neutrino
Mixing angle in a few years!



