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TevaTrRON DATA

DO continues a rich physics program analyzing ~10fb* of recorded

data from ~2001-2011

« World's highest energy p-p data set (2 TeV C.O.M.)

e Unigue physics studies

 Many complementary/competitive
results in LHC era

Bob Hirosky, UNIVERSITY of VIRGINIA
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[ HE DO DETECTOR
L —
Multipurpose, large acceptance, well understood detector.

Tracking & Muon System

in=0 n=1_
« Scintillator counters and " O S ———
drift tubes T e e ]
» Thick calorimeter and iron : |_ “ =2,
toroids - ‘ / \ H _____________ ..
Excellent muon triggering - ST e i
and ID P—

« Silicon Microstrip Tracker
Excellent vertex resolution

* Central Fiber Tracker | | | | |

Ol

Good mass resolution o s 0 5 10

Excellent for B physics with muons
A
ST
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DO
“Four QUARK” STATES

* Four quark distinguished from regular mesons by comparing mass, width,
charge, other quantum #s, production and decay modes with predictions

« EXotic 4-quark states are described as tightly bound (tetraquark) or loosely

bound (molecule, hadroquarkonium):

X
o

o~
! tetragquark
(O, ¥
! :
[
\\.\Q\ II
Hadrocharmonium

_____

Observed four-quark states
- High stat. significance: Z(4430)+ - y'mt*, X(4140) - J/Qe@, Z,*(10610/50) - Y11*
- Not well established: Z(4050)+-x_ 1", Z(4250)* - x 1t

e X(3872) is probably a mixture of two- and four-quark states
* All of these states can be interpreted as molecules (masses are close to sum of two

regular mesons).
J ) Also pentaquarks P_*(4450) - J/yp, P_*(4380) - J/yp
A
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INCLUSIVE PRODUCTION OF X(4 ] 40)

X(4140) first observed by CDF in 2009 in decay B+ — X(4140) K* - J/y¢ K*

* Observed in decays of B*
v DO and CMS confirmed the observation

X LHCDb was unable to confirm and disagrees at 2.40 with CDF

(Phys. Rev. D 85, 091103(R) (2012))

DO:First inclusive X(4140) measurement
Phys. Rev. Let. 115, 232001 (2015), arXiv:1508.07846

J/IP@ isselected In three transverse
decay length (Lxy) intervals
and in two mass intervals:
e X(4140): M(J/Pp) < 4.36 GeV
*B_: 4.8 <MJ/Yo) <5.7 GeV

Events/20 um

—
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—
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Number of B_ and X(4140) extracted using mass fits.

Bob Hirosky, UNIVERSITY of VIRGINIA
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D& M(J/¥)
INCLUSIVE ProbUCTION OF X(4140)

£ 3000 coverq & 35000 teeta, g E1200F a1
2 2500 % | Lﬁ 3000F c ] 2 oo 4 MMM SNPUSR
2000F DO Run II, 10.4 f6 — 2500F DO Run I, 10.4 6" E 800k S DoRm 104 i
15001 At Dala-0.025<Lxy<0cm 3 2000  #7 + DataO<Lxy<0.025 cm ] 600: $ Data Lxy>0.025 cm 1
- —Fi ] I S E - ¥ —Fit ]
X(4 140) 1000?_ - Signal _f 1500: === Signal E 400:_ - Signal a
500__ ....Backgmurr (b) _E 1?325— " ---- Background (d) E 200: ::.‘n..'. -+ Background (f) _E
O 5543 455 44 O e 33 T 05 44 O ™5 155 13 455 44
5000 M(JAy ¢) [GeV] M(J/ v ¢) [GeV] M(J/w ¢) [GeV]
< daan e S W PL I . “-E = 3 ] ‘ unll, 10.4 i’ —
L% 4000F SO L%" 50005 v DOFD.atI; E:yi;)t.)(}% cm E
30005_ DO Run II, 10.4 1b’ _ 4000;_ DO Run I, 10.4 ' _ 800k _;;nal _
-+ Data-0.025<Lxy<0cm : 8000 4 Data 0<Ly<0.025 cm 3 B00L e D2ckaround
B 2000F —r E 2000 — | 400k
; ODOi— ----- Signal (a) ] b Signal (C) ] g
- - Background - 1000[ - Background - 200F
a5 Bz 5i Es 45 Bz 54 56 G55 BT 54 E6
M{J/y ¢) [GeV] M({J/y ¢) [GeV] M{J/y ¢) [GeV]
X(4140) Background Low Lxy: J/Y mesons with random particles from the ULE
Higher Lxy: J/{y mesons with random products of b hadron decays
Parent —0.025 < Lay < 0 cm 0 < Lzy <0.025 cm Lgzy > 0.025 cm Sum
BY 191 £ 143 804 £+ 169 3166 + 81 4161 £ 236
X (4140) 511 £120 837 + 135 616 + 170 1964 + 248
X (4140) non-prompt 37 £ 26 156 £ 54 616 = 170 809 £ 175

X (4140) prompt 474 + 123 681 4 149 =0 1155 £+ 193




DiJ

INCLUSIVE PRODUCTION OF Xg 4140)

TABLE III: Summary of X (4140) measurements.

Experiment Process Mass (MeV) Width (MeV)
CDF [2] BT — J/YeK™T  4143.0£294+1.2 11.7705 £3.7
CMS [4] Bt — J/ppKT  4148.0 +2.44+6.3 28“5 + 19

DO [5] BT — J/YoKT  4159.0+ 4.3 £6.6 199i126f_

DO (this work) pp — J/¥¢ 4+ anything 4152.5 + 1. 7+5 y 163E£56+114

The non-prompt production rate of X(4140) relative to B_° is

R =0.19 + 0.05 (stat) & 0.07 (syst)
The fraction of X(4140) originating from b hadron decays
fo = 0.39 £ 0.07 (stat) + 0.10 (syst)
=> also prompt production of the X(4140)

For Lxy > 250 ym the estimated number of X(4140) from B+ decays is 13060 and we
observe a total of 616+170 implying that other b-hadron decays are contributing
to X(4140) production

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016



B OTT* STATE

Initially searching for strong decays of excited B_**— B 1t

140F
120+

1005
- BK threshold 1l
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20+
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a““m Bob Hirosky, UNIVERSITY of VIRGINIA

DO Run 11 10.4 fb1 {

774 GeV H

ity
#Jr
Hﬂﬂjr##tﬁ *

m&..+;+lnlllllnll

Lg pop gl pogg pdie g it by ol g pgd pa o] g

58 59 6 6.1 6.2 6.3 64 6.5 6.6
Mass(B,” n* ') - GeV
(threshold 5.645 GeV)
A

No resonances found

Look at B ° 1t*
— exotic=Db, s, u, d

But, quite a few exotic
candidates recently
reported, e.g. tetra-
guarks or penta-
guarks

so worth a look!

HQL 24May, 2016



B “TT* STATE
X-Bm* P
BY - Jyo
JIP - P+ p-
P - K+ K-

Can not differentiate B_° from B_°

also could have X - B"° mt*
with B*® —» B ° + missing y

P

A
L
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B OT* STATE

Used full Run Il data set 2001-2011 of 10.4 fb™*
Require a single muon or dimuon trigger.

Select BY — .J/1¢ candidates:
e 292 < M(pup) < 3.25 GeV
o pr(K) > 0.7 GeV: 1.012 < M(KK) < 1.03 GeV
e 5.304 < M(J/UK*K") < 5.424 GeV; L,,/0(Ly,) > 3

Add a track assumed to be a pion, consistent with coming from PV:

o pr(m) > 0.5 GeV, IP,, <0.02cm, IP;p <0.12 cm
e pr(Bm) > 10 GeV
e AR=\/An? + A¢? < 0.3 (the “cone” cut)

= angle between B, and rt *

A
T
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N events / 20 Me\_/lc:2

B OTT* STATE

2000~ DO Run I, 10.4 '
- 5581+100 ,

500~ B> J/P

1000

500

""""""

I|l|l]l|lll[l[l[l +]l]l]

(RN, SR S
54 56 58 6
m (J/wy 6) (GeV/c]

+ 2 o selection band

“Combinatorial Background”
under the B peak:

use data: sidebands + random it

29% of total background (points) -

Bob Hirosky, UNIVERSITY of VIRGINIA

~ 350
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o

— 250

(i
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o
>
()
Z

2 component background model:

_— “Genuine Background” is the B, peak:

use Monte Carlo B,? peak + random nt
71% of total background (histogram)

450

400 DORunll 10.4 fp-1 + +

300
200

150
100

without AR cut

50

b-‘ III1|IIII|IIII|IIIF|IIII|IIII|IIII|IIII|IIII|

llIlJJ]I|IJJJ!IIIJJIIIIIIIIIIIIIIllllI
666 66 665 67 675 68 685 69

m (B% 1) [GeV/c ]

HQL 24May, 2016
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B OT* STATE

background model efficiency vs m of topological cut
700 1
FE oo prent AR ; Efficiency of M (B 1)
> o0 b s 081 for AR< 0.3
..i.i 400 :"' ¢ Background model w/o cone cut i 0-5__
w = ’ Background model with cone cut @ B
‘%’ 300 - Fits to background function T ol
. | =
- - 02—
= for AR< 0.3 i
055 ; '5|56 ; 5I6 ; 5.Iﬁé. '5|7' : é;é : I5IBI ' 5.I8§ : '59 9.5' = 15.!55] = Iﬁ?ﬁl = ‘5.}35“ I IS_IYI = :5_1!5] = IS.IBI - l5%’5I - ]5.9

m (B% %) [GeVic?] m (B% %) [GeV/c?]

Fygr(mpz) = (Cl + Cy - m?, + C5 - mﬁ +Cy - mé) X exrp (C-';, 4+ Cg-mg+C-- -m,g)

A u.
I““I! Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 12



DO
B OT* STATE

. . . 90
Optimal mass resolution using: E add 1t to Bs DO Run II, 10.4 f5
M(BS n) = M(M “ KK n) B M(M # KK) * M(BS ) (%j 70 ;_ ’ E?I\fl\th background shape fixed
= M(up KK t) - M(pu KK) +5.3667 GeV/c? = £ Tie | Background
o 60 :_ --------------- Signal
%) =5
Model peak as: - : AR < 0.3 cut
S-wave relativistic Breit Wigner e
M2T (mpn) e t 4
BW (mpx =
) X O P M3 () P
10
Convolute BW with MC mass o i bttt ' ‘

. 5.5 5.55 5.6 5.65 5.7 5.75 5.8 5.85 5.9
resdolutlcl)_n IG :b 3.9 MeV m (B %) [GeV/c?]
ana mu t|p y y 400 - DO Run II, 10.4 f6'
Eff(MB, 11, AR cut = from prior slide) ot ® e

E ZZZ ; + Fit to background function
F = fsig X Fsig(mpr, Mx,T'x) + fogr X Fogr(mps) 1
fitting function vary: f, , M, , [, f, »j [fixed bgd shape |
R m (B =) [GeV/c?]

!““IE Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 13



B OTT* STATE

90
= DO Run 11, 10.4 f6'
Fit for AR < 0.3 cut: v UE @) __
% 70 Fit with background shape fixed
S E -------- Background
« M, = 5567.8 + 2.9 (stat) MeV e L S
., =21.9+6.4MeV 5 E AR < 0.3 cut
D 40
* strong decay! Mass z E
resolution is = 3.9 MeV r.m.s. WE
« N, =133 + 31 events E
e X2 = 32.4 for 46 D.O.F :

5.5 5.55 5.6 5.65 L e 575
m (Bos TCJ—’)

Local significance = sqrt(-2 In (LO/L max)) = sqrt(43.56) = 6.6 o

Global significance using Gross & Vitells LEE=>6.1 0

58 585 59
[GeV/c?]

Statistical
uncertainties
only

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 14



B OTT* STATE

Systematic Uncertainties

Systematic uncertainty mass, MeV /c? width, MeV /¢ Events, %
Background shape

a) MC sample soft or hard 4+0.2 ;-0.6 +2.6 ; -0. +8.2 ; -0.

b) Sideband mass ranges +0.2 ;-0.1 +0.7 ;-1.7 +1.6 ;-9.3

c¢) Sideband mass calculation method +0.1 ; -0. +0. ;-04 +0 ;-1.3

d) MC to sideband events ratio +0.1 ;-0.1 +0.5 ;-0.6 +2.8 ;-3.1

e) Background function used +0.5 ;-0.5 +0.1 ; -0. +0.2 ;-1.1

f) B? mass scale, MC and data +0.1 ;-0.1 +0.7 ;-0.6 +3.4 ;-3.6
Signal shape

a) Detector resolution +0.1 ;-0.1 +1.5 ;-1.5 +2.1 ;-1.7

c) Non-relativistic BW +0. ;-1.1 +0.3 ; -0. +3.1 ; -0.

d) P-wave BW +0. ;-0.6 +3.1 ;-0. +3.8 ;0.
Others

a) Binning +0.6 ;-1.1 +2.3 ; -0. +3.5 ;-3.3

Total +0.9 ;-1.9 +5.0 ;-2.5 +11.4 ;-11.2

applying £ 11.3% systematic uncertainty to yield of X(5568)
reduces significance to 5.1 o (incl. LEE & syst.)

N
Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 15



D&
B T STATE
h

« M(Bsm)=
Alternate method: ° 5.50-5.52GeV| % 5.52-5.54 GeV

10f +

. WP n 1 n =3
5 561 52 63 54 55 56 57 58

51 52 53 54 O 56 5. 5.

Use all I/ @ with
4.8 < MY @) < 6 GeV ©  5.54-5.56GeV
and later fit for B_°

rather than mass selection cut

R AT . MU
51 562 563 64 565 56 67 O

5.58-5.60 GeV

This removes the
“combinatorial” background
component

fix M, and I,

fit N, =118 + 22 events

140 | DO Run II, 10.4 f&'

) / 20 MeV/c?
2 8 B

0
S
[*)]
o

N (
S

)
j

20 [/
/

—/
/

A Q5 555 56 565 57 575 58 58 59
EE——— m (B%m* [GeV/c?]

| s
EIII“E Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016




B OTT* STATE

DO Run Il, 10.4 f5'

10 < p,(B.%) < 15 GeV

/
N
(&)}
il Gl LEAL RALh Gk R Ll L

EA¥ T | R P Y e L |

Q5 565 56 565 57 575 58 585 59
DO Run II, 10.4 fb'

15 < p,(B.%) < 30 GeV

I"‘i...‘lkl..lvil 11 I"';".Ii"'l-nl.l V) I | lJ Lol I . I | 15T T . | I | P - |
05.5 5.55 5.6 5.65 5.7 5.75 5.8 5.85 59

m (B% ¥) [GeV/c?]

Bob Hirosky, UNIVERSITY of VIRGINIA

a cross-check

pr(B,%) 10-15 15-30 GeV

N, 586  67.5

+16.7 *21.8 events
MX 5566.3 5568.9 MeV

+3.3 +4.4 MeV
I'X 18.4 21.7 MeV

+7.0 +8.4 MeV

background shape varies,
but M, and I, do not!

HQL 24May, 2016
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B OTT* STATE

S-_

without AR cut do we see B S B ni?
120 S — S .
- PoRunl 10415 + 400 DO Run Il 10.4 fb™L |
100 [~ 350 3
3| Wt ] e t ;
® 80 + + ++ #H}J( +HH# Z " - NoARcut
g ol + + J( I »% fix M(Bc) to PDG
2 [ + + *g 200E fit o and yield: E
“wf — g 150" o =26 MeV £
N ;Z::I;r:ot;ancdkground shape fixed 100; as expected E
20 — C
C 4 ~_Signal 500 Yield=71+ 35 evenL;
0 e e I S W I BRI P S T
S5 555 S§ S8 ST 575 S8 S8 59 596 61 62 63 _;_3.4 656667 68 69
+ GeV/c? T+ .
M(B 0 ) [Gevic') B m(Bspi) [GeV]

¢ 0, %
MB. " nt
for no AR cut, 5.506 < M(B,? %) < 5.700 GeV (Bs"m7)

fix: M, =5567.8 MeV as for AR < 0.3
fix: Ik =21.9MeV asforAR<0.3
fit: N, =106 £ 25 events X2 = 18.4 for 23 DF

A
Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016

18



% cross-checks
B °T* STATE

Variety of cross-checks performed

Use left (right) sideband for the non-BY background
Use two versions of Pythia for the BY background
Compare sidebands with “undersignal”
Allow background shape parameters to be free
Extract the signal yield without the cone cut
Use different BY mass ranges; modify the BY vertex cuts
Compare 77 and 7~ subsamples
Examine different detector regions (¢, n)
Test BYK and Bop hypotheses
Study m(BY7T) on the full Run II data sample
Look for decay B** — Bzt rn~
T mmmm—

!“ “! Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016



w Cross-check: mass V. AR
B OTT* STATE

AR cut efficiency for AH<0.2 [ AR culefficiency for AR<0.3] AH cut efficiency for AH<U05
g g E g ik
g T R £
5 £ % 0o
50.37 50-35 § -
c | e F o«
= 40.?: <p8
0.6

0sf
0.8F
0.4F
0.3E
0.2F

Selection
efficiency vs
AR cut

wgiﬁ Do:::n,ﬂomo‘ N;Qig: ‘ DO Run I, 10.4 15" nggj: ‘ DOF“;”JO'MD]
. L W Mass
2 TR e r— measurement
5 5% 56 5Eﬁm(550:111)5?5 58[92\?02]59 5 5% 586 5ﬁﬁm(§a:“i)5?‘5 58[@23?.’(:2]59 5 558 56 585m(BﬁaGT“t)5?5 58[@2\?02]59
Fitted M, is independent of the AR cut - 57
CL'- 5570 ® Mx vs, AR cut
cone cut doesn’'t generate peak E ’ ‘
g 5566
even though relative positions of signal s
peak & maximum of background vary o
A S PR
“ AR cut value no AR cut

|
!M_!E Bob Hirosky, UNIVERSITY of VIRGINIA
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w Normalize to B_ production
-+
B TT* STATE
E—————
How many X(5568) particles are produced?
Ratio = o(X)*® (X - B, rt)/o(Bs)
Since we have same B decay mode,
o(X)*8 (X > B, m)/o(B,) = N(X > B, ) 1
N(B) eff(rr) ~34 %

Parameter 10 < pr(B?) < 15 GeV/c 15 < pr(BY) < 30 GeV/c

N(X+()568)) 58.6 + 16.7 67.5 + 21.8

M (X (5568)) 5566.3 + 3.3 5568.9 + 4.4

[ (X*(5568)) 18.4 +£ 7.0 21.7 + 8.4

N (B?) 2463 + 63 1961 + 56
() (26.1 &+ 3.2)% (42.1 £ 6.5)%
R (X1 (5568) / B?) (9.1 2.6 + 1.6)% (8.2 £ 27+ 1.6)%

average Ratio(10 < p{(B,) < 30 GeV) =
o(X)*& (X > B, n)/o(B) = (8.6 £1.9 £ 1.4)%

A
Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 21



B OTT* STATE

DO Run I, 10.4 &'

Interpretations:

[0}
o

. DATA
Fit with background shape fixed

N
o

---. Background
............... Signal

4 different flavors = b, s, u, d
X(5568)*~ B_° 1t + with JP=0"

also possible
X(5615)+ - B*° m* with JP = 1+

N events / 8 MeV/c?
g 3

[IIIIIIIIIIII|IIIIIIIII|IIII|IIII|]III|IIII

M, = 5567.8  2.9(stat) + 0.9 (syst) MeV  o&ih o

1.9 m (B% n¥) [GeV/c?]

[, =21.9+6.4 MeV
significance of 5.1 o incl. LEE & systematics

o(X)*B (X - Bm)/o(B°)=(8.6 +1.9+1.4)%
- 8-9% of B_° are from X(5568)+

R
Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 22



DiJ

CONCLUSIONS
e 4

 Prompt production of X(4140) has been studied by D0
e The fraction of X(4140) produced in the decays of b-hadrons is
f =0.39+0.07 (stat) + 0.10 (syst)

e Find both prompt (4.70) and non-prompt production (5.60)
e The resulting mass and width agree with the values measured by
CDF & CMS

- DO sees a resonant structure in the B_mt* system with a

significance of 5.10 (including LEE effect and systematics)
« We walit for information on additional studies(channels), including
all LHC experiments and from CDF

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016 23
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ADDITIONAL SLIDES
e

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 24May, 2016
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Alternative signal extraction method

Fits in first six bins

140 DO Run I, 10.4 fb'

—t
[
o
1Y)
S

o S B 83 B
ok bk k] bl §
AETE

Event in gaussian
Histo: MC bkgr model

Lis

P e M.A_._d‘_‘ o
1 2 - .8 e 21 B2 2% 34 3% 35 57 ]

il
o
o

z 8 858
Il_.'ll'l
ETEE

N events / 20 MeV
3
i1 l | | | B L] | | L | | L l 1§ t i E | 1

60 +
40 ) - -
20IIJI1_+-1 f o T it
k= " 588 58 565 B7 575 58 585 TR S TN W
m (B% m %) [GeV/c? ]
We fit M(B,) in each M(B,p+) bin, using second ;_ | o
order polinomial to model background and gaussian = |+ o] L
with fixed mass and width to model signal. 8 T Il
With this method (cone cut) we get 118 + 22 events, L T Tl
comparing with 133 £ 31 using standard method. N TSRS |
m (B% w¥) [GeVic?]

No signal for undergaussain events (“false” B.J,
agreement with bkgr shape modeled from SB.

Events under gaussian
Histo: SB bkgr model

A

|
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Test with B,® ©+ combination

T

N events / 8 Me

300 |~ DO Run 11, 10.4 f5' - : .
S 200 E— +++} HH
= LT Ty — php; K¥—Kn
150 \( t ‘Hﬁ{\#ﬁ ++ .
ol ] """~+-~-+?+_+++ Cuts are very similar to
7! Tty B.O * analysis
50 1 S Y
Gt 55| 56 566 57 575 58 H8 59 Cone cut does not produce peaks
m (B n%) -m (B%) + 5.3667  [GeV/c?]
':;_-3 § DO, L=1.3 fb™
§ 250-5— E&(‘#&
2 F § DO published paper:
Z 15 t || 7 Phys.Rev.Lett.99:172001,2007
S 100f ' B, — B*'x
2 B4 M i B
g 50 ’ ‘.H.f’\. [
P / "\_\ 9
B3 0256303504 045 05 055" be 065 0.7
M(B*x) - M(B*) (GeV/c?)

Bob Hirosky, UNIVERSITY of VIRGINIA
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DO
BACKGROUND Vs. /AR

How well does background model fit the data, above the X(;568) peak for M > 5.6 GeV?

90 : 120
e DORunli, 1041 - DO Run II, 10.4 &' +
o b
o — 100 |-
% 70 :_ ;:-.ir.'hh.ulgl\_-nml shape fixed > : + +
E - esam  Background @ -
oo 60 o v Signal S 80 1
2 5L o L o wdfTIETT T T T T
3 F AR < 0.3 cut @ 60
3 o fl N, €t r
~ S = % :
30 b ® 40 — $ DATA
20 P - Histogram: full background
- 20 - Fit with background shape fixed
10 - A x| meeeea- Background
- L I W | seeweemsemeene Signal
[ L A o T Lo+ | g | L porah soan s B R R TR AN AT e AN
55 5.55 586 5865 I 575 58 5.85 59 055 555 56 565 Lo 5.1 58 585 59
m (8L x) [GeVIc?] m (B% 1) (GeV/)]
- = * Data L= e Data
col- KS pI'Ob. =0.999 —Model - KS pI'Ob. = 0.003 — Model
o, C etw. data & model [=FI 100 betw. data —Fit
2> aofs . > T
2 DO Run I, 10.4 fb P
© ® [
27 £ 60; + +
1] L @
8t g | t
] % = 40_—
. + § DO Run |1, 10.4 &'
10— 20—
p | : AR < 0.3 cut “ no AR cut
| ] E -
!II TS S U ST ST A SO ST S (N SNT S A M SN N U U NS A T AT AT I AN AP AT IR
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Non-standard states observed with high significance
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