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vircinia Tech. Previous Measurement & Analysis Strategy

Mass (MeV/c2) Y (58) i . .
10800 * Xp12(2P) and xp0)12(3P) states are kinematically accessible
- < By ~95 MeV o Xb](zp) N wY(lS) Discovered by CLEO [Phys.Rev.Lett. 92 (2004) 222002]
T _
10600[— (£ BB Threshold . Apalyzed (5.81 + 0.12)x10° Y(3S) decays Channel| Branching Fraction
5 S =1 [ (16T
wY(1S) 10400 é 8| E, Kingmatically J=2 (1.10f8:§§f8:8§) %
Threshold < "
10200 K “
10000 ; . B
%50 60 0 120 130 140 150 2': b +++++++++ ‘ ﬁ + t_
9 8 OO E(y) MeV) | | | ‘ . ‘ n*n‘;r" Invariant Ma‘ss (GeV)
 We reconstruct the exclusive final state:
9600 xp; = w[Y(AS)] » ntnnl[£*47]
*High backgrounds for low energy photons make
9400 — reconstruction of Y(35) — yx,;(nP) suboptimal
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virainia TEcH. Data Samples

Dataset Vs (MeV) Exp. Runs L (b1
7' (4S) on-resonance| ~ 10572 31-65 - —496:0— 513 fb!
7' (4S5) off-resonance] ~ 10520 31-65 - 56.0
7' (3S) on-resonance 10354.7 49 1001-1185 2.999
Y(3S) off-resonance 10324.7 49 1193-1227 0.246
10023.3 67 1016-1123 6.5
7' (2S) on-resonance
10023.3 71 313-497, 537-696 18.2
7 (2S) off-resonance 9993.3 71 498-536 1.7

« Utilize:
= Y(3S) data available as all_mdsts
= Stiff Pair skim of Y(4S5) data
= Stiff Pair skim of Y(2S) data — for studies of track and r° finding efficiency

* Analysis is now unblinded on the y;;(nP) signal regions

. Together with Nishida-san & Nakazawa-san, we’ve recovered an additional 17 fb~1!
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virainatech. Count Y(3S) via Decays to Tt Y(1S)

Calculate Y(3S) Population as: 1031((33) s " 7 Y(1S) in Combined Y(3S) & Y(4S) Data
N3¢ = Nrmy 83— ¢ Data w= 10.353975 +/- 0.000032
eB(Y(3S) » n*tm=Y(1S))B(Y(LS) — £+¢7) E ot o = 0.000203 4000003
N 2:5 - ---- Background N:;gna, = 24634 +/- 227
where £ = e, . S - > ¢, = 0.016 +/- 0.011
2 2 LPYESAS)
o -
~ 15
@ -
e
B(x»,(2P) - wY) are calculated by normalizing to 7 05l
= Affords cancelation of several systematics o
including track-finding, lepton PID, and 0——— — e '
B(Y(1S) —>€+€_). ] —
= ¢ ¢ ¢ t §it ]
T O{G{C#H ﬂﬁ;ﬁ##* {' {'-;H&‘}H {r{ﬂ"ﬂ 'H;H#H #g%
-5 . . . . + . —]
10.32 10.34 10.36_ 10.38

A M =M, - My, + M3 (GeVic?)
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vircinia ech. Event Selection & Background Suppression

FSP Selections

= At least 4 tracks with |dr| < 0.5 cm, |dz| < 2.0 cm, and track fit CL > 0

= At least 2 ECL clusters with:
= No matched track

T(35)

Shower Width > 6 cm

Hard Tracks (Leptons)
= M,, € (9.0,9.8) GCLZV
= Require exactly 1 di-lepton

Soft Tracks (Pions)

= ptM < 0.45 GeV/c

" coS(Yyr) < 0.95

= Require exactly 1 di-pion

DiPion

DiLepton

® Candidates
- pCH € [80,430] 7
= M_o € [0.11,0.15]

= Retain ° with smallest mass fit y?
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vircinia ech. Event Selection & Background Suppression

oL A, sPrror(s) I

— = B resorar(s)

RS - Y(4S)->nnY(2S)

£ |

o 1035_ I_> 4-I

3, C

5 | o |
Resonant bb - n*n~bb’ Veto = ek | X |
= AM, € [9.83,10.12] GeV I N
= AM,, & (10.017,10.029) GeV SEEFEPIN BV A /7 47 LS. : I

8

: 9. 985 99 995 10 1005 101 10.15
Rejects 92.4% of resonant background AM,, = M, , - M, + MP2S (GeV/cd)

at cost of 7.3% of signal

©
N
ol

Y(2S) » n*m~Y(1S) Veto: FOM Optimization Define:
10.018

10.017
172.6

10.016 172.4

AM,, <CUT

10.015 172.2

172
10.014

= Resonant bkgs are sharply peaked in AM,;

10.027 10.028 10.029 10.03 10.031 .
= AM,, offers better separation than M,...,i; ()

Study of Bottomonium Decays — Belle 1| Summer School — Zachary S. Stottler July 14, 2021



Definition of Fit Observable:
AM,, = Mayy2ma0 — Myp + My

Y(15) Mass

7

virainia tech. Olgnal Extraction: AM,,

x10° x10° x10°
1.8 = o = 1.099 +/- 0.036 1.8 = o' = 1.077 +/- 0.032 1.8 E | /%= 1.163 +/- 0.040 '
1.6 of’ = 1.935 +/- 0.039 16F of'= 1.726 +/- 0.033 1.6 = | o’ = 1688 +/-0.032
= w® = 10.229816 +/- 0.000043 T E u'= 10.252810 +/- 0.000046 " F | v = 10.265926 +- 0.000053

& 14 ™ = 0.003610 +/- 0.000038 o 140 o*'= 0.003582 +/- 0.000042 G 141 | o= 0.003701 +- 0.000049
> 12F N§3= 17145 +- 131 > qoF N;:= 17694 +/- 133 > 12F N = 17601 +/- 133
2 = ni® = 4.58 +/- 0.48 = = ni'= 3.53 +/- 0.20 2 C | n?= 2.934-0.16
o 1 — n = 2.89 +/-0.19 o 1= n{' = 4.30 +/- 0.33 o 1 | nf= 4.34 +-0.34
E 0.8;— E 0.8;— E 0.8;—
& 0.6 & 06F & 0.6
o C o C o C

041 04 04

0.2 0.2 0.2

O b= - . O L= = | R R R . L | 0 -
' - 5 ' ' ; | ' ' ' - 5
= + %, w Mﬂ I TIVLTLLILICI LT CILIITTITTLIITITT = M++#* # { 4{&11 TTLLLI LI TLIIIIIT I = %& ﬂ* % Hmh
S ol # 4Ty Hﬂm R R E RS AL Ak S o ;{}&H hﬁg H@ﬂ et W
- - Pt -
. . - -or . . . . . - -5
10 2 10. 22 10.24 10.26 PI;((5)28 102.3 10.32 10.2 10.22 10.24 10.26 F>[;((5).28 102.3 10.32 10.2 10.22 10.24 10.26 F)g((al).28 102.3 10.32
AM, =M, .0 - My + M, g (GeV/c) AM, =M, .0 - My + M ig) (GeV/ic) AM, =M, 0 - My + Mg (GeV/c)

Shapes: Double-Sided Crystal Ball (DSCB) functions
» Reparameterize Signal Functions to account for Data-MC difference:
T(I'l' g,01,02, N4, nZ) = T(ﬂ; pXO', a1, 02,N4, nZ),
where Red parameters are fixed, Blue are floated, and p is a (common) “fudge factor”
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J=1,2 signal shape for comparison:

1,, (2P Y(1S) Signal MC

Pull
o

x10°
I~ a? = 0.925 +/- 0.029
| 1 | [11)_ o
VIRGINIA TECH. Mw SI{ hal s hape of Xbo e anors
. . < 0.8 | | o= 0.006373 +/- 0.000088
J=0 signal shape differs from that of J=1,2. S R
= Mean is shifted low = 06 | =963z
= Strange threshold in talil 3 oal
- Define signal shape as product of sigmoid (f(b, 5M(‘,"L)) and DSCB : |
02
XbO(ZP)—>mY(1S) in Signal MC B
= 0% = 0.372 +/-0.021 %_ . — :
800 a2 = 2.56 +/-0.10 B n
= § M, = 0.05126 +/- 0.00073 — i t ¢ i
N 700 = 5 MC = 0.01430 +/- 0.00011 Q:_’ Om{gﬁwﬁ#ﬁﬁﬂh}@#{}ﬁ{'%ﬁi} }%ﬂ%ﬁ#&%@%
S 600 6% = 0.004668 +/- 0.000075 IR SRR R i
2 - Ngg = 17146 +/- 131 5 . . . . e
§ 500 b =-256.6 +/- 17 0.72 0.74 0.76 0.78 0.8 0.82
= 400 - Threshold n% = 3.55 +/-0.97 M, (GeV/c?)
I = ] nd> = 1.66 +/- 0.28 o
§ 300 :_ ‘ y 5_103 xb0(2P)—>mY(1S) in Slgnalx‘l)vIC
— Or * on;D= 0.999 +/- 0.035
L 200 ;_ _ 1.4 ;— (:3‘]: :6?:291;3'2230.000047
100 o
- = = n‘1°=3.15+/-o.22
(R o — s z 0.82— )
5F | | | | e § ot No problem
W 04 .
s of *%f bt M x“# QW ozf- in AM
5 O?Lhﬂﬁw ; Wﬂg e e _ o
5— T T T T T —]
- _| $ _

0.72 0.74 0.76 0.78 0.8 0.82 .

2 . . . . .
Mw (GeV/c ) 102 1022 1024 10.26 _10.28 103  10.32
AM, =M, - M, + MG (GeVic?)

2y2n2l
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virainia teck. F It Strategy: Simultaneous Fit to AM, & M|,

= All signal shapes are DSCB, except J=0 signal in M,
= p,k are introduce to account for Data/MC difference in resolution.

Combined Y(3S) and Y (4S) Simulation (6x) Combined Y(3S) and Y (4S) Simulation (6x)
E ¢ _[I_)attal . w?® = 10.22943 +/- 0.00047 400 | k= 0.992 +/-0.034 ¢ Data
500 - —— 'ow@n A = 10.25288 +/- 0.00014 — | u® = 0.77986 +/- 0.00023 — Total fit
I ib‘)((f;):g ((11;) W= 10.26509 +/- 0.00043 350 C | Ng= 208 +/- 21 coeng,, (2P)50T(1S)
N I XZ;(ZP)_)(DY“S) p = 1.003 +/- 0.035 < 300 - | Ni= 1755 +/-46 - Xbo’(zp)ﬁmyus)
3 400 — ..... Background N, = 208 +- 21 S - | N,=369+-30 | [ | ... Background
% - N,,= 1755 +/- 46 g 250 | N = 973 +-46
o 300 N, = 369 +-30 S | v =-0.1205 +/- 0.060
o, = Ny = 973 +- 46 o 200 = | ¢v=-0.2989 +/ 0.081
B - c, = 0.058 +/- 0.064 D -
€ 200 ¢, =-0.5537 +/- 0.080 € 150 —
> u 2 =
100 — =
n 50 —
= 0C | |
S bttt bt bt b T s : ‘
a 0?‘“;{“ i;{{‘;} “ﬁ“}%*; {r“‘i;?&f} 4 & 5 O+-;-}-;*-H-'}-H'%ﬁ“'LH--}-;H%H’};;*H'L{"}'{'{i%
B B
10.2 10.22 10.24 10.26 Pgé).28 102.3 10.32 0.72 0.74 0.76 0.78 0.8 0.82
AM, = M2y2n2! - My, + MY(1S) (GeVi/cT) M, (GeV/CZ)
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W Simultaneously Fit M,, and AM,,
Search for y,;(2P) » wY(1S) in Y(3) & Y(4S) Data

VIRGINIA TECH.

Combined Y(3S) and Y (4S) Data Combined Y (3S) and Y (4S) Data
90 - —— " = [« = 1.069 +-0. ¢ Data — i —
80 L-?Otta' fit ﬁ’“; 1132252;;7 i/-o(.)(.)((:(:;m 70— | w° =1°?$3966‘12?00062 —Tottal fit Y(SS) POPUIatlon
= Tould (% = 10.2691 +/- 0.0018 E | No= 334k — J=0 (28.17+0.27 +1.74) - 10°
g 0 __.5o p=1.34 +-0.13 & 60 |Ny=3809+-24 1 e\ - J=12
% 60 ;_ ----- Background :X()f ::;/—/_1 ;4 % 50 f— :,:k ==6:8-l:;/-+1/-631 :ickground
- 1= + S — 9
= g0 22 Y(35 4S5) N < 624/ 16 S E | co =-0.4795 +/- 0.090 <L>Y(35,4S5)
3 40 §_ N:(g= 383 +/- 31 g 40 E_ ¢y =-0.009 +/- 0.13 Re s u Its
I i ol B 3 '
g 305— AL =0, : g N } Channel| B(xps(2P) — wT(15))
20 kA } ! 0 Mﬁ# =] J=0 [(0.5670715+0.05+0.06) %
- cetl syt LI L 107 1 TR
10 d et ens® ; O%“ R | | . . J=1 |(2.38+0.19%0% +0.22) %
i —— — 5 . 2| I =2 |(0.46+0.1273%2 + 0.06) %
—_ B — i + I
Z oH.‘}.{-H.H,H.H “f+.H.+_+_+_+.+.+.H. { ¢ H.{.*.+.+.+.+.+.+.+._£ i 0}“+'+++'+'+'+'+'+'H ';'}'H ++ FLH' ¥+ ;‘H 4 H 4 { _
sk | | | L sk . . . . - J  Significance
102 1022 1024 10.26 1028 10.3  10.32 072 074 076 078 08 08 0 320
A M, =My o0 - My + M?ﬂ%) (GeV/c?) M, (GeV/c’) '
Normalize to Y(3S) — ntn~Y(1S)[¢*¢~] Channel: 1 14.50
N,j €y B(Y(3S) —» 7~ (15) 2 3.90
B(xss(2P) = wY(15)) = = ( = ?) 0
Nizr €37 B(T(3S) — 'yXbJ(2P))B(w - tn—7w )B(ﬂ' — fyfy)
Channel|Branching Fraction ~ Consistency
. _ +0.35+0.12
Compare with PDG J=1 | (1.63%5577017) % 1.80
J=2 | (1.1070:32+0.08) 7 2 00
Study of Bottomonium Decays — Belle || Summer School — Zachary S. Stottler — —0.28—0.07




\V//ad Signal Significance:
vircinia TecH. Profile Likelihood Scan

300 25
14 o —— Stat. - 3.30 A —— Stat. - 17.50 B —— Stat. -4.10

— Stat. + Syst. - 3.2 i — Stat. + Syst. - 14.50 i — Stat. + Syst. - 3.90

J=0

J=1 20¢ J=2

x2)

-2 log M(N

M B o O:""' I
0 20 40 60 0 200 400 600 0 50 100

N N N

x1 X2

Signal Significance is determined from a profile likelihood scan.

x0

Significance:

7 = +/—2log\(v = 0).
Profile £(V|é) &~ Likelihood for a fixed value Systematic uncertainties affecting the yield

Likelihood )\(V) = ———= are convoluted with distribution of likelihood
L(0]0) A | and Z is recalculated.
Likelihood value in data

A

The reported significance has been verified using 100k toy MC samples, cf. BN1505.
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\V/7ad Cross Check: -
virainia TEcH. Refit with TI_C]ht M, Cut Precedent in cc Sector

Combined Y(3S) and Y (4S) Data

; ——— Xc1(3872) > w] /3

70 & R (L2 Y(3S, 455 " x-1(3872) lies ~8 MeV below threshold
© 600 L E = T(X(3872)) < 1.2 MeV (Belle 1107.0163)
> 50 = E = BaBar & Belle have see with < 5¢
= TUF Nominal 3
o 40F Fit = = BES Ill recently observed transition (5.70)
2 30- ~ = = 2019 - 1903.04695
u%, ZO_M{ fH = = Employ PHSP to model X - w J /i

| | | | | | | | | | |
072 074 076 078 08 082
M, (GeV/cd)

= Naively, 3 Insufficient phase space for transition:
Ao = My, .2p) — My(1s) — My
= —10.5 MeV
= The y,o(2P) is a wide state,I',, >T

Xb0 Xb12
- r,, , = 2.6 MeV [Godfrey & Moats 2015]

-> I', = 8.68 MeV [ppg]
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Combined Y(3S) and Y (4S) Data

\V//ad Cross Check: ;
vireinia TecH. Refit with Tlght Mw Cut

50
40
30
20

10 . [ a o ]
Combined Y (3S) and Y (4S) DataiM <[720,775] MeV o—tr————t— L
© 072 074 076 0.78 0.8 0.82
45 Combined Y (3S) and Y (4S) DatagM < [775,800] MeV M, (GeV/c?)

Events/[3.0 MeV/c?]

—

- ¢ Data w® = 10.2271 +/- 0.0018
40 = :Icf%' fit = 10.2505 +/- 0.0010 60— ¢ Data w= 10.25434 +/- 0.00046
- -y ;1 w? = 10.2697 +/- 0.0033 - = Total fit uw? = 10.2672 +/- 0.0013
& 35 T, p= 1.48 +/-0.20 5ol =rd=1 p= 1.12 +-0.11
S 30 -~ ---.Background ' N,= 34+-13 C\'E' C ==J=2 B=-2.42 +/- 4.0
o - D 19 N, = 173 +/-28 S [~  ===-Background N,,= 155 +/- 17
= 25 — LY (35,45) N, = 32 +- 16 o 40 N, = 48 +/- 11
o — BELLE ; 2 S L D> ”
P - N = 137 +- 42 P - <D>Y(35,4S5) Ngig= 97 +-17
S 20 — R L ¢, = 051 +-0.32 o 30 m, = 10.2401 +/- 0.0029
S 15F " } ¢,=-0.041 +/- 0.34 Z n
> - % b o 20—
i = - > -
10 // Nl B * L -
5 5 "“"-‘_.-.-n-.-n..e..:'-‘:; T ) 10
-“v““‘ at L L EEEEm l : !
O E 0’
5 — 5F ' ' ' ' ' -
—_— + + 1 —_— B l
0:‘:' 0 B'}'}'p}'k#%‘%‘% ] 3 3- -+-+++-+-++{Lf££; ; ¢ 1;}- -4-;4—'}-{-;4 03_ (0] 78 R S0P Sy Sp 9 (9 IR U O X -;-{'-+-+ : *i.{'&-'}-‘}-{.{..{{, i i}-;-{-;.;.{,.;;.i
B 5L . . | | | —
10.2 10.22 10.24 10.26 PE]CQ'ZS 10.3 10.32 10.2 10.22 10.24 10.26 PS((;).ZS 102.3 10.32
AM, =M, - My + Mg (GeVic?) AM, =M o0 - My + M) (GeV/eT)
Background: 3 order polynomial Background: RooDstD0OBG
—> Studied in Mo Sidebands —> Studied in M_o Sidebands
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virinia TEcH. SYstematic Uncertainty

Decay Xo0(2P) = WY (1S)  xp1(2P) —» wT(1S) xpe(2P) = wT(195)
Track-Finding 0.0% 0.0% 0.0%
7Y Reconstruction 1.7% 1.7% 1.7%

: +8.9% +0.7% +3.8%
Fit Procedure _51).%;) _?.gg) _Igg)
T(35) Population 1% Tt it
Input Branching Fractions 10.4% 9.4% 12.4%
Reconstruction Efficiency 0.8% 0.8% 0.8%

3.0% +2.4% 14.4%

Total 307 4+ 10.4% F20% 1 9.4% AT 4 12.4%

TABLE IX: Systematic uncertainties on the xp;12(2P) — w1’ (15) branching fractions, by
decay channel. The individual systematic uncertainties are summed in quadrature to
obtain the total systematic error. Note that the large uncertainty from the input
branching fractions is reported separately.
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Search for y,;(3P) » wY(1S)

virainia tecH. EVent Selection Revisited Official Belle MC: e*e~ — qg (q = u,d, s, ¢)

FSP Selections 60 s caacses | g5 f Official g M0
. . 50 ; l [ Veto Applied 30 ; Belle MC [@Veto Applied
= At least 4 tracks with |dr| < 0.5 cm, |dz| < 2.0 cm, and track fit CL > 0 o l BOﬁficI:’ala(I: 7 ol ]
T a0 elle £25¢
= Atleast 2 ECL clusters with: % ol 2 20 *] ]
= No matched track E’ o + + § 150 ] ]
22 509 °F + "o %
Ezs ' 10 & sE
. width > 6 cm,  — IRERIEENT ¥ TH .
—_ —_ 09 9.2 9.4 9.6 9.8 0 10.45 10.5 10.55
Resonant bb —» it~ bb’ Veto M, (GeV/c?) AM, =My 500 M, + MOS (GeVI)
HarOClMTrackS (Leptons) = AM_, ¢ (10.014,10.030) GeV
" Dy > 4.0 GeV n AM‘I‘[‘I‘[ < 10.32 GeV 40 E_;ﬁlrlu(;?didates
GeV 35 [ [ Veto Applied
- Mgg € (90,98) — E - l
C . 50 [ Official
= Require exactly 1 di-lepton X1 (3P) Continuum Veto 2 - BelleMC l _
Soft Tracks (Pions) = MulD T 0.2 fo]r leptons 5202 Peaking
oft Iracks (Fions = M,, €19.2,9.6] GeV 27 l ] ] .
= pCM < 0.75 GeV/c 17 RS Ba_ckground.
= cos(P,,;) < 0.95 ”’i —— g > ® + h
= Require exactly 1 di-pion Reject Y(1S) — ete™ to : Removed by
° CCandidates - suppress large backgrounds 0'7,\5,'Im Gevic) o8 continuum veto
M
" po € [80,750]
" ‘ GeV

= M_o €[0.11,0.15]
= Retain ° with smallest mass fit y?

c2
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virainia ech. O€arch for Xb](BP)

12 — ¢ Data
~ BELLE Preliminary — Total fit
10— ’ﬁ - ==+ Background
(\'1_| : BELLE Y(4S)
§ N
o 8
= B
o. |
i n
Sy I
w -
(- -
) L
> L
L B
S
ol
O -

10.44 10.46 10.48 10.5 10.5P2DG 10.54 19.56 10.58
AM, =M, ;.5 - M, + M, s (GeV/ic)

513 fb~! of on-resonance Y(4S) data analyzed

[Phys.Rev.D 92 (2015) 5, 054034]

Initial Final My M Predicted
state state (GeV) Width (keV) BR (%) Width (keV)
Y(4°S1)  Lte 0.459 0.39 1.8 x 1073 0.32 4 0.04°
10.579° 999 0.459 15.1 0.0686
Y99 0.459 0.40 1.8 x 1073
0.459 6.0 x 10°% 2.7x 1078

—3.223 0.82 3.7 x 1073%
—3.072 0.84 3.8 x 1073%

—2.869 0.48 2.2 x 1073%

Can estimate conservative upper limit on expected BF
= Assume B(xp1(3P) > wY(1S)) = B(xp1(2P) - wY(1S))

= Estimate: B ~ 8.4x107

From the fit, a 90% CL upper limit is determined:

B(Y(4S) — vxu1(3P) — ywY(15)) < 1.4 x 107°
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VIRGINIA TECH. Summary

 We present Results:
= First measurement of y;;(2P) —» wY(1S) since discovery in 2004

B(xw(2P) — wY(15)) = (0.567( 14 £ 0.05 + 0.06) %

3.20
B(xp (2P) — wY(19)) = (2.38 £ 0.19%509 & 0.22) % 14.5¢

B(x(2P) — wT(1S)) = (0.46 £ 0.12+0%2 + 0.06) % "

* New limit set:
B(T(4S) — vxu1(3P) — ywY(15)) < 1.4 x 10™° (90% CL)

Paper Draft in progress — Pending Referee Approval we will proceed to CWR

Study of Bottomonium Decays — Belle 1| Summer School — Zachary S. Stottler
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VIRGINIA TECH
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7/ Fit without

VIRGINIA TECH.
PDG PDG
fo()(zm + (W =My ler)  Mass (MeV/c?)

Fombined Y(3S) & Y (4S) Data

90
- ata | = 10. +/- 0.
oE o] el 0400 Y(35)
= minm xb1(2P) oY (1S) p= 1.116 +/- 0.082
SN 0 --. xbz(zp)lm(m) N, = 278 +- 22
% 60 f— ..... Backgrolmd N,= 57 +-17 XbJ (2P)
2 "k Nogy = 449 +/- 21 wY(1S) Threshold 2,
o S0 ‘ c, = 0.307 +/-0.077 Sl st
S 40E
2 *F 10200
S 30F
> —
“o20F
10 - We Interpret this as the y,,(2P) » wY(1S)

N:

i ; This is surprising:
> oH{-%—;—;—%HH i ?'{‘H}'{?‘H‘{'FHH’th‘}-} ISR = 3 Insufficient phase space for transition:

| ) Ao = My, ,2p) — My(1s) — My,

102 1022 1024 1026 10.28 '10'2.3' 10.32 = —10.5MeV

AM, =My, - M, + M (GeVic?) = The xp,o(2P) is a wide state, I, > T, 2

- r,, = 2.6 MeV [Godfrey & Moats 2015]
-> I',, = 8.68 MeV [ppg]
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\V//ad Similar Enhancement Seen in cc Region:
VIRGINIA TECH. Xc1(3872) — a)]/1/)

N T — = Xlies ~8 MeV below threshold
S [ — Fi
S 20- BESIII — i » T(X(3872)) < 1.2 MeV (Belle 1107.0163)
2 T - Batkgouns = BaBar & Belle have see with < 50
,g 10 — ideban
o
s [
Yk T W e b = BES lll recently observed transition (5.70)
3.85 3.9 3.95 4 :
M(@Jiy) (GeV/c?) = 2019 —1903.04695
v [ = e = Employ PHSP to model X - w J /Y
g :_ it
0 B
2100 50¢ 100¢
S - N C N -
Yok i et e S 40- | S 80
3.85 3.9 3.95 4 4.05 E -
M(wJ/y) (GeVi/c?) E 30p \ \ E 60F
w205 — 401
n C n i
FIG. 2: The M(wJ/v) distribution with results of an unbinned "q&)’ 100 “m "q;':)' 5 02_ ++ #}h
maximum-likelihood fit to data including three BW resonances (up- D F Wt#* ++++ M{Hm i *}+ + D F i o t i
- - - - W R MR, 1 TR T XY AT
per) and including two BW resonances (bottom) as signal. Dots with 9%”‘ :; 31 %3 Qe tet 0.6 0 8“"’ . y
error bars are data, the red solid curves show the total fit results, the ' M(IT) (é eV /Cz)' ) M (.ﬂ:*n'no) (GéV/cz)

blue dotted curves are the MC simulated wy .o background compo-
nent, the blue dashed curves are the linear background component,
the pink dotted-dashed curves are the X (3915) resonance, the pink FIG. 1: The M ( /A g—) and M (7T+ 71-_71-0) distributions from the full
double-dotted dashed curve is the X (3960) resonance, and the green data sets

shaded histograms are the normalized contribution from the J/1)- )

and w-mass sidebands.
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V7~ Cross Check:
VIRGINIA TECH. Slgnal Shape Asymmetry

Y(2S) - n° 7° Y(1S) in On-Res. Y(2S) (SPS) Data

. . T x10°
 Question from Kirill Chilikin and Alex Bondar: 1 g F_ [ w= 1001949 +/-0.00014 ; ¢ Data
Verify on control channel that ¥ in final state N el — Total fit
does not induce data/MC difference G 44 | Nae= 37684410 ++++ Background
in asymmetry of signal shapes? AP B byeivboin B Y(25)
« Control Channel: Y(25) - n°7z°[Y(1S)] = 4y[¢T¢7]g 1 ==
= Reconstruct Y(15) and 7°'s with w-analysis cuts g 08 =
(] -
= Signal Shape: DSCB w/ a;, n; fixed from MC o 0'65
> u, o are floated 0.4
0.2 amemmmmrten™
ReSUIt: B(ZS - T[OT[O]_S) " T(28) - 5° 70 Y(1S) in On-Res. Y(25) MC o . v T
6F- | on a0rt o0 ] —
(8.75 + 0.10)% T b s W b p
) 2 b |mannr o O%%W#ﬁ%# i %*“##‘}ﬂ#gg& Hitgt #ﬁ#ﬁﬂ#ﬁ%
Compare with PDG: S o o )
(8.6 +0.4)% i 09 995 10 PDG 1005 101
i N AMoo=M,, - M, + Mg (GeVic?)
No significant data/MC _ 7 e b e
difference in tail shapes. : :?ﬁwﬁw}%ﬁLﬁ#ﬁ%%@“ﬂh Small artifacts in MC pull

o os o e w1 are result of large statistics of fit

A Mo =M, 5 - M, + M3 (GeVic?)
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Signal MC: Standard Sample Signal MC: Single n° Sample

x10° x10°
r 1= 9.463337 +- 0.000082 40 E [ = 11074 +-0.0067 }
25— = 0.012307 +/- 0.000088 | n= 0.133338 +- 0.000015
u r Ng,q = 6768 +/-224 35 - | o= 0.004112 +-0.000014 —— Total Fit
O 5 - Ng;y = 44816 +/- 207 @ E | Neu= 98977 +/-636
n e c o n s r u C I o n S n C e r S 2 ¢, =-0.5365 +/- 0.020 S 30F | Negna= 256423 +/-750
= =2 F c,=-0.6149 +/- 0.028 2 F | c,= 05747+ 0.0074
o 15F e 25 ¢, =-0.05353 +/- 0.0086
0.0 =
VIRGINIATECH. Y(2S) - " (Y(1S) —» uu
£ F e UE
u r CORET =
0.5 =

Assessing a systematic uncertainty pe " - ——)
for soft ©%’s, with p < 300 MeV /c oﬁsﬁﬁ@#@* ;%Wﬁ#“*m{gﬁﬁé%‘%ﬁ*é%#@ Gt S w*mmm##’f

¢
0.12 0.14 0.16 0.18

Pull
Pull

9. 4 9. 45 9 5 9.55 9.6 0.06 0.08 0.1

Denominator: Tag events with hardest 7°+Y(1S) candidate

Macoilm°m

0 (GeV/cd)
Y(2S) On Res. Data: Standard Sample

M,, (GeV/c?)
Y(2S) On-Res. Data: Single x° Sample

10°
800 1= 9.46088 +/- 0.00018 14 [ | ®= 0.9475 +/-0.0084 4 oDaa
E ¥ o= 0.01437 +/- 0.00021 [ | = 0.134387 +- 0.000024
700 Noyg = 1826 +/- 168 12~ | o= 0.004478 +/- 0.000027 — Total Fit
&7 E Ngg = 14354 +/- 202 o F | Nag= 110197 +-617
~ - ) S 600 E €y =-0.5255 4/-0.041 2 b g = 92649 4603
2 500 c, = -0.4655 +/- 0.072 2 [ | c= 0.3378 +- 0.0061
/ = E + ° 8 [ | ©,=-0.04617 +-0.0077
. o, 400 o F
B = —— Total Fit )
I £ 300F 2 °F
S = 15 E
> E no4
“ \ - ’ :
. 100 20
0 R A Al sl EEE TR - C
5— 5F ' ' N B
f
S i b Whd 3 o e e
3 o il g;##& ;ﬁ#&%%%*% hﬁ; d o? 2 O B 2;; i i;?{ gty i
-5 . . N N N =

Numerator: Count how many times the 7%-pair is reconstructed e,

0.06 008 0.1 012 0.14 0.6 0.18

MR 4i(107%) (GeV/c?) M,, (GeV/c?)

Single Pion Sample: n°2u Standard Sample: Zn"zu

- 10° £ 702 2102 _ NZm

C ¢ On-Res. Y(2S) Data = ¢ On-Res. Y(2S) Data Dataset N: N € =
G - [ Continuum v — g ; _A\%. B Combinatonc b % i i Niﬂozu
XS, 10* | Combinatoric Bkg K %o o i ," o MR r(1s) MC |256,418+750(44,816+297((17.48+0.13)%
> = @r2s) > vy Y(1S) o ‘. > v\ ) Continuum
% - @ISR Y(1S) caeseee®®®®’ e, % 102 & 4 Data | 84,225+548|14,353+202|(17.044+0.26)%
Ql Q. 272
D L2 2 10 _ €Data z'7r )
2 4 2 p= , where ¢ = ——
) 0 EMC Tt
> Lﬁ i
L

10
1

9.4

9.45 9.5 9.55
Maeeoi(010) (GeV/c?)

— Zachary S. Stottler

9.6

006 008 0.1 0.12 0.14 0.16 0.18

M., (GeV/c?)
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virainia ecH. Oystematic Uncertainty from Measured BFs

Quantity Value Relative Uncertainty
B(T(3S) = vxp2(2P)) (13.1£1.6)% 12.2%
B(Y(3S) = vxp(2P)) (12.6+1.2)% 9.5%
B(T(3S) — ’YXbo(QP)) (5.940.6)% 10.2%

B(T(3S)—»n"n~T(1S)) (4.37+0.08)% 1.8%
B(w— rtan0) (89.240.7)% 0.8%

-
B (r’ — w) (98.8234-0.034)% 0.03%
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