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Flavor Oscillations

b T S B and B mesons can transform into

o /g g ~each other. They form a single QM system:
W W, B o m(HEC
S WE)=a(t) B +st°>E

s 2t b (=a@) B +bO) B =0 T
/ The Schrodinger equation:
W couples to : 0
quarks from _off-dlagonal element | i W=HWY
different families 1S @ measure for coupling ot

between B and B.
=0, - T,
M, M Q200
B hern\lritian herr;lfitian
H not diagonal => B and B are not mass eigenstates
the mass eigenstates are:

OM M,0 iOF 0C
_ .
-

— AM = 2M
BH>:é(B>+B>) M =M, -M, 5
introducing a coupling
1 — — introduces splitting in the
BL> = E( B>—B>) MH - M11 T M12 energy levels; we've seen
\ that before.....




Coupled oscillators

coupling induces splitting in energy levels (not only in QM)

time —— »
sthe red and blue oscillator lat termn | q £t
eigen-frequencies are no longe OSCl ? 'Og pa etml |fs made up (_) wo
eigen-frequency of the system undamental irequencies.

stwo different eigenfrequencies, split
by small value

ssize of splitting proportional to the |/ / %/ /WY
amount of coupling between red Afnn . ~afROANAA A

and blue T RVRTA AR AVATRVAVAVEY VA S

soscillation (envelope) between
pure blue and pure red




Oscillation probability as function of time

Solving the time dependent SE
- Am Am —
B(t) > = o~iMto 7! ({-{}H 5 t| B > +sin — t|B j::::,)
- - L Am = . Am
Bit) > = oMt =5t ({'{}H 5 t1B > 4sin—t|B Z::::»)
'gecay time oscillation frequency.
P( ) e—t/r( 1ps?t ~7x10*eV (~1.5x103m,)
— — + /Nt = :
BB 2 1+ COSMY) = Funi assymetry
— —t/t P..—-P.
p(B R B):e (1-costnt) =P, A = i "L mix — oo At
45 2[ })umix-l_Bnix
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z 40 . i
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0 2 4 ?)ecay time t (ps)8 Decay time t (ps)




BS VS B d fraction of mixed events
TPty
JO
X= 1
by measuring X 2 1+ (T Am)*

Bd mixing first observed
7 5.8 o by measuring X,
(UAL, ARGUS 1987)

|

BS = 1: . 4 | BABAR {b)

1=141ps  °} X~U2-O(107) i |

Am=~20 ps! os| ﬂ .Nno information on Am_in X ) E—

] =>need to resolve oscillation | M/ ,
05 |

| | X Loy bl Ll '1 7 — e —
o 1 2 3 4 5 6 7 8 9 10 0 5 10 15 20
proper time {(ps) |At| (DS)

nb: neutral meson mixing first predicted in Kaons (1955 Gell-Man & Pais)
observed Brookhaven 1956
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Motivation

New physics is constrained by testing prediction of SM...
In particular: test unitarity of the CKM matrix

Ja V. Vo8 H [-A\*/2 A Aﬁ(p—m)H
Vs =V, V v, E):D -A I-N/2 A FOoY
W v, v H e a-p-m) -an’ 1 g
pretty well known not wel known and interesting

To get at Vtd: measure Am_ (Bd oscillations)

(
‘ﬁg m (mt fmn T]()( ViV fq\

q:S or d hard to calculate (lattice QCD). uncertainty: 11%
If we measure Dms, we A - f'g B I 2 v 2
can form the ratio which Ms  "B.JB,DPBs | Vis| 19140.02 lts
g r . _\.
allows for much more accurate  Amy  mp,[p B, |Vid Vig

measurement of VtS/Vt |




Motivation
V, d:A)\3(1-p—i n)

16 1T ,
Plot Comblnes many : excluded area has CL >0.95 ‘-‘,’%O’
different measurements to | v % Am,
constrain p and n. 'L : “ :
Current limit on Am_ is o |
already helping to measure |
CKM matrix...

= 0

Check that all measurements |
are consistent: I.e. that CKM, . [
matrix Is unitary. '

€k
o :
. 1 i sol. w/ cos 2B <0 ]
-1 : I. at CL>0.95 ]
If not... _ (Sxel 2t CE=09 ]
: | !ltter i ]
EPS 2005 :
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-1 -0.5 0 0.5 1 1.5 2




Motivation: new physics

New particles that can show up in the box diagram
will influence the mixing frequency.

supersymmetry with large
mixing between squarks

b ST SR

_____ }(%_____ R
bl‘ D mputanf (592 °R
h b | -kZ?HIRF'\(
h g
_— n [ _—
h d
g g % g
] 1]
P (823)gg Mpltanp §
SR ';——;’é“ﬁ: _____ - bL

harnik et al. hep-ph/0212180

suppose there is a 4" gegesration

t

1 1 I 1
2000 400 [S1018] S00
¥

Eur. Phys. J. C 24, 275-280 (2002)

1 OO0

Am_is sensitive to new physics




What we know already

Amplitude scan: fix Am_and measure the amplitude
of the corresponding frequency component (Fourier)
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The Tevatron
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‘Luminosity taking off




The CDF detector

Muon Detectors
Y. i &

Miniplug

Calorimeter
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Outline of the measurement

%JBS
P

S 2 S+B (atAms)Q/Q
OA — \/eDQS\/ g €

Need to:
1) Collect a lot of Bs decays Trigger/reconstruction
2) measure the flavor of Bs at production ‘flavor tagging'’

3) measure the proper decay time of Bs  measure L,




1) Getting the signals




The signals we are looking for

“Hadronic” “Semileptonic”
B _ DTt U- | B! - DIV, [
s s + Tt N :
/4 ‘4617— /4 vV,
B [b c—DS_ B [b c]DS_
S S S S
Bs Momentum is measured Missing momentum (V)
Bs mass used for good S/N Need to rely on Ds mass

Small branching ratio: low yield Large branching ratio: low yield
D; »¢n~, ¢ > K K~;
D; - K*K~, K - K™n~;

D, »n .




A typical B event at a hadron collider

Trigger on events with
displaced (d>120 um) tracks

...looks just like any other event

very fast reconstruction by
dedicated hardware: SVT

F P> 2 GeV/c; X2, < 25

tracks per 10 um

N B @ © O N & O O
L 2888888 ¢3¢
O 0 000 0 0 0 o




Hadronic signals

200

150-

100

Candidates per 20 MeV/c®

#)
o

q - data
— fit
B, — D, n*
reflections
| background
BB'sDxn
. A=A T

5.5 &
0(K" K) T m, mass [GeV/c’]

— D;ynt, Dy, — o7
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o

o

e
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[31]

(@]

5 55 6
T T T T, Mass [GeV/cz]

%%/ NDF = 64.37 / 66, Prob = 53.40%, K-Prob = 100.00% - "'~

- data
— fit
B,— D,3n
reflections
¥ background
BB sDan
B A, A3

150+

100-

Candidates per 20 MeV/c®

O(K" K) 3, mass [GeV/c]

lodl IUIUELEs PEl 20U VIEV/IG

ool

- data
— fit
B, — D, nt
reflections
I background
BB >sDx

5 5.5
K'(K' ) K 1, mass [GeV/c’]

80+

60

—- data

— fit

~ B,—D,3n
reflections

¥ background

40

20

BB sDan
.Ab—>ACS'J':

5 55 8
K'(K' m) K 3m, mass [GeV/c’]

1118
fully reconstructed events




Semi-leptonic signals

Candidates per 1 MeV/c

D_mass for u+D_ signal

CDF Run Il Preliminar L =355 pb™ _ _ p
y P COF Run |l Preliminary L = 365 [;:nl::n'1 CDF Run Il Preliminary L ~ 355 pb
800 Lepton SVT Track ) Lepton SVT Track  — cata g Lepton SVT Track >
- ) — fit = _
B, Signal 1-‘-5 4004 B, Signal ﬁ” 300 B, Signal
6001 Background ‘E_ Background — Background
— BE—pD ¥ D, —23x
& ;;i 200
400 - . . W o
B—uD. X D,—px ig 200 B—u D, X D,— KH ks .
2 S 100
200 & : 3
o . 0 . . . . 0 , : . :
0 : . : : 104 198 4198 2 194 186 198 2
184 196 188 2 mass [GeV/c] mass [GeV/c’]
mass [GGWGE]
'B 1
0 — - dnm. b KK -mass
BS — DS E X? DS — ™ ’ — K K ] CDF Run Il Preliminary L = 355 pb'1
200

~ D; "X, D - KK, K* 5 K™n~;

- D U7X, D »nin 7.

total of 16893 partially
recontructed events

Number of Entries

1504

1004

504

p D (¢m)

5 6
m(ID) [GeV/c?




2) Proper time reconstruction




Proper time reconstruction

m
(oft)2+%zxcp -
P

B, — u* D] X, D, — ¢ © CDF Run-ll MC

Two sources of uncertainty:
oL,
@ Lxy is biased because of the SVT trigger
@ contributions from primary and secondary vertex
@ improved recently by using EBE primary
oP

.
o Uncertainty on P_only an issue for semi-leptonic

» Determine K = P_(I+D)/P_(B) from MC

—— Lepton SVT Track case

N
o
o
o

Number of Entries
5
S

0 T T 1 T I 1 L
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
K-Factor




Proper time reconstruction

Tigger (and selection cuts) To test: measure Bs lifetime,
bias the proper decay time including efficiency in the fit
distribution
xzf MNDF = 20.71 / 22, Prob = 53.88%, K-Prob = 100.00%
Efficiency from MC 107 " " data
¥2/ NOF = 117.47 /105, Prob = 20.92% ] ﬂ. — fit
2+ 3, 0.00000 E - ﬂ}%| B, — D, T
f 0.00158 =1 lwl
: f; 001673 & ﬂ_ reflections
5 1.5+ 'gj E]:?‘%EE ;E,,‘ 10 1 W\wﬂ - backgI;ound
2 “ 000515 o B° > Dm
e f R g g w] P
é 0.00 ET o E | ‘
T 0.5 | ] ' .L 1 l W‘ ‘ H ‘
; B\
li] UI.1 UjE UIS _0‘4- O 0. 2 04

Proper decay length [cm] proper time [cm]

combined hadronic lifetime agrees with world average




Measuring the proper time resolution

Effect of non-zero ct error asymmetry: attenuation of the oscillation

s 5 s %
E 402_ . -1 E 402_ 4
b 35;-” Unmied  Am=15.0ps (A ,)? S a5 Unmixed Am=15._(1)ps
s Mixed t=15ps -8 ab Mixed t=1.5ps
> 25 o= 0fs D =e * 5 x5 6= 100s
8 ol Dilution = 1.0 01 N Dilution = 1.0
o 20f ® 20 lution = 1.
O sy Q15

o L

5H 5

0EU — ' ' 0 L LY ‘ J

0 2 4 6 8 0 2 4 6 8

Decay time t (ps) Decay time t (ps)

*No problem if we observe mixing:
» we know the true Asymmetry=1

But If we do not see mixing: must know o_
s need to correct for effect of o_to set limit on A

How to measure G _7?




Measuring the proper time resolution

Cannot measure the ct resolution
directly on data. Solution: reconstruct
events that look like a B but are
known to come from the PV..

Scale Factor

some pion
from the underlying o
event (i.e. from PV)

“\s‘ \real D I4 | | | | | | | I *_
0. 06 0.8
Isolation of D (dR<0.7)

<ct> must be zero; compare error
with expected error from the fit.... Mode < o(ct) > [pm]

And study dependence on kinematic Bs — Ds(3)m 30

variables, isolation, x? of fit etc.. Bs — £Ds X 50"
* not include <k-factor> = 0.85




3) Flavor tagging




Flavour tagging

We need to know the flavor of the Bs at production.
@ Opposite side tag:
@ look at the decay products of the other b quark in
the event:
@ [ eptons
@ charge of the b-'jet' ™
» the two b quarks fragment independently: can
calibrate opposite side taggers with B,

eSame side tag: look at particles produced in B meson
formation (K in case of Bs)

@ need to rely on MC to calibrate this tagger

@ potentially very powerful, but not yet used

combination of NNs




Flavour tagging: dilution

. . CDF Run Il Preliminary 185 pb”
A tagger is characterized by < +displaced track tigger
o¢: efficiency 5 S0 Isolated tracks
oD: dilution = 1-2 x mistag rate (large dilution is good) 5 50 |/
sFigure of merit; € D? o 40-
30
- 45: - 45: 2 ;
§ i 1 ; o 07
T o) Unied — Am= 1503 T ol Unmied ~ Am=150ps” 10
§oujll el =15 X D% 0 Mied  1=15ps’ ol ]
> B “ﬁ.(”s > % o,=.100fs i |
i o Divion =10 *g 0. Diton = 1.0 0
1 f -1 0 1 2 3
" 0 o _ PP [GeVic]
J J Dilution predicted on
ol
AR A 0 0 PRI L X ! .
0 2 4 b 8 0 2 4 6 8 - -
el e | CVENT by-event basis

(based on P_', lepton-id etc).

for setting limit, we must know what D IS < how to check/calibrate

the prediction is correct?




Tagger calibration: B, mixing

For setting limit, we must know the dilution

@ Calibrate taggers (we know A=1)

@ Simultaneous likelihood ID+ ID0O and ID*

L~355pb"

CDF Run Il Preliminary

0.3 | Soft Lepton Taggers
0 —t/T ]
B’ :e”""(1£ 8D Gos(Am,t)) o2 | 1Tk
T i - 0.1 1 \
B*:e" ™1+ SD) : B
/ \ ; 0
dilution predlcted ® 014 e data
scale factor  dilution 0o | — fitprojection
B° contribution
03 ] B* contribution B—-se/uDX
005 01 015 02
Tagger \/ <Dy >[%] €[%] Scale factor [%] eD* [%] proper decay-length [cm]
SMT 36.18 4.81 +0.04 |1 93.58 £+ 3.77 £ 1.30 |0.551 + 0.048 + 0.020
SET 30.10 2.96 £+ 0.04 |107.21 £ 4.54 +1.69{0.308 £ 0.030 £ 0.008
JVX 18.93 821 £ 0.06 | 91.72 £ 5.84 + 1.31 |0.247 £ 0.033 £ 0.010 SS KT may g|ve €D2:2_3% |
JJP 11.50 27.58 + 0.09]1100.11 £ 6.03 £ 2.79(0.366 + 0.045 £ 0.021
JPT 4.57 51.63 £ 0.10)83.77 £ 10.63 £ 4.29]0.076 + 0.019 £ 0.009
Total - 95.19 + 0.16 97.26 + 2.47 1.550 £ 0.083 £ 0.029



Datasets with high tagging efficiency

Default: trigger or decay products of the reconstructed B
and hope for a tag

'New' idea: trigger on tagged events
smuon (tag) + two displaced tracks (B-decay)

Di-lepton trigger

s0one lepton from semi-leptonic decay one for OST

strigger already existed (used for SUSY searches)
* modest yield, but very high D2

*Adding this data in next round of analysis.

5 3

L=

o
]
(=]

eD? from lepton taggers
measured on B° and B* in
this sample: 4.5% !

events / 10 MeV

(compare with 1.5 for other samples)




Towards same side kaon tagging

sUse de/dx in COT and time of flight detector to

identify which particles (m,p.k,e) are produced
around B mesons...
sExtra K's around B, mesons!

*Gives handle for MC tuning

CDF Run Il Preliminary L~ 355 pb

Fraction of K around B? Fraction of K around B* Fraction of K around B,

c 0.50f , c 0.50r . = 0.50)
-_g ) ‘0 Data E -_g s : 0 Data : ‘G 4 : O Data
B OASF T g Pytia MC SRR . 0-45;“""""';“i"'Pptﬁia'mc """"""""" L F# Pytia MC

i - : . F . i L s
0405..,, ........... 0405..1 ............ Besaanrasses 040.., .......... +§ ............ E .........

030- ------------ ------------ ----------- 0:3-::- ------------ ------------ 030-§ ------ + ------------ -----------

(o=t SRR SNSRI SNSRI SRR Y, - SO SNSRI IS SO ozo_é

015-E ------ E ------------ ‘ ------- 015-~@ ------ [2 ------------ + -------- 0.15;-----4----2 ------------ ------------ -----------

010?'9_ ............ ............ ........... 01{)?'@.. ............ 010-[{1. ............ . ........... See

005;_.% ............ , ............ i. ........... 005;_.\‘_ ............ 1; ............ prenseeees 005:_2 ............ ! ............ g ........... DenyS Usyn|n|s
=i ETE S BRSNS N A ST TS NN T AR AT AN BRI B AR A B R .

P;(track), [GeVic] P.(track), [GeV/c] P {track), [GeVic]




Combining it all

T OH)_ | Swleol) | O unbinned maximum likelihood fit
SMT 3618|481 004)03.8 £3.77 + 130 |0.691 £ 0.048 £ 0.020
SET J0.00 | 2964 0.04 {10721 £ 454 + 1.69|0.508 £ 0.030 4 0.008
JVX 18935 (82140069072 £5.84 £ L31 |0.247 £ 0.033 £ 0.010
WP | 1L (7084 009]100.1 £ 6.08 £ 2790366 £ 0045 £ 0L for eaCh event:
JPL 457 |5L63 £ 0.00183.77 £ 10.63 £ 4.29\0.076 4 0.019 £ 0.009
Total - %.19+0.16) 97264247 1530 £ 0.083 £0.029 )
Lk = Eﬁ’f““ - L'lf - Lt LkD/yk=Slg,bg
[ B f
ot 1£A-Sp.-Dj-cos(Amg-k-ct’) |1 _ ket /)
L4 = ¢ - * = e e | ®G(ct—ct';S,,00) @ F(k) - e(ct)
Sig 2 N y t / /
g 70 CDF Run Il Pnliminang*‘displaceyzc;z;g;* CDF Run Il Preliminary ‘EEL 5pb’ % e ‘ ‘/ TL:‘:;):VTTT&:::F Run-ll MC . xﬁNDFw#m Prub:z.}s:/u —
g 40- = 500 s;.ckground o 1) £ e g " E oo
30 L 1.50] 7 g é’ ] 4 %“q S
100 :é Lo 1 52000 E h 84, .Zl
_13; S =0 1.35] \\\* ) 0.572 'h' el ']
-1 0 1 Fé":' [éeVIéc] 194 186 1.92;555 [266\%2:| 04 soimtion ofD?f?dRcO,?) °"0% 05 06 07 08 0.9K_F1ad01r.1 o L
ofix Am_

sintegrate over true decay length ct and true k-factor
sget A(Am,)

Before fitting doing Dm_: test whole procedure by on B, mixing
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CDF Run Il Preliminary | ~ 355 pb’
-+ datat+ 16 A 95% CL limit 0.3ps”
- 16456 sensitivity >2.0 ps’
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Current Result

Semileptonic modes Hadronic modes
Sensitivity: 9.8 ps_1

Sensitivity: 10.4 ps_1
' 95% CL Limit; 0.0 ps 1

95% CL Limit; 6.7 ps 1
CDF Run Il Preliminary L~ 355 pb CDF Run Il Preliminary L ~355pb”
4] +datatic A 95%CLImt 67ps’  datatlc A 95%CLImit g ps’ 2
16456 O sensitivity  10.4 ps’ 4- 16456 O sensitivity 98ps” I
| W datat 18450 : i | W datat1645c |
2 data + 1.645 o (stat. only) e g 21  data+ 16450 (stat. only) - ______,t
(i)} ] U . : @ 1 —_ = e /_,__---’-'--"'"""_-H'"-';'- /
go) s : _ T ke L g =l . !
£ o e ! T"‘HH“““' Hllly 2 iR TV .!‘F'+1+I+|-"I"""_||||L|_l..I-.“*>|||" 7 I»!
1 abLL L TY | : o[ ToTe (o8 ] . L - : ) . . .| |
B s Il H 1 I g fifga T i ]TTT',[IHT i m
-2- 2 o AR
4182 D, I'X | 41 B2, D (3)
5 10 15 20 o 5 10 15
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Current Result: combined

Sensitivity: 13.0 ps—!

95% CL Limit: 8.6 ps—!

CDF Run Il Preliminary L =355 pb
4] = datazic A 95%CLlimit 86 ps’
| ~ 16456 O sensitivity = 13.0 ps’
| Bl datat1.645¢
2 - data £ 1.645 o (stat. only) A 3
= 0 £, YV ++&+T*#++pH+T‘T'T++l 'r'l'lll 1] || iR ‘ 1
Q- mwwm JTTTTH' Al H |
41 Hadronic and Semileptonic

o 5 10 15 20




Impact on world average

Sensitivity: 19.6 ps—*

95% CL Limit: 16.6 ps~!

21 - datat1c a4 95% CLlimit 16.6 ps’
| --16456 O sensitiviity  19.6 ps’ A
| @ data+ 16456 M f
data + 1.645  (stat. only) Il |
@ 1 - i I J—':‘
-U { bt L1 el
2 |.1F' t &
Z | e Tee s L] 4T
E’ | 5 J. othl
< il
| World Average (S°04) and CDF (E’D"S’}"?
T EEEE——SSS

0 5 10 15 Z:O
Mixing frequency, Am, [ps ]




Current Result: systematics

Semileptonic Modes Hadronic Modes
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Systematic errors are small compared to statistical errors
and will also decrease as more data comes in.




The Future

Many improvements on the way:

e more data
| » factor 2-3 more already collected
40 CDF Projections :: Combined Analyses :: FO5 ° Tevat_ron Luminosit)_/ going Up
95% CL exclusion * Same. Side Kaon tagging
» Additional trigger paths
= 30 - e Use satellites in hadronic modes
w .
= * Improve ct resolution
E 012 * Reoptimize event selection (NN)
£
."E
$ 104 We are here! _‘:[ret‘fhed ~|™ D% =5% & improve o(ct) by 10%
——paseine > eD? = 3.5%
Data on tape _Current\) eD? = 1.55%
0 Y r T T T
2 4 6 8 10
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Summary

+B_ oscillations are know to occur: frequency=Am_ unknown

*Will measure |V _|*/|V_[*(when combined Am )
*Sensitive to new physics (heavy particles in box)

*Experimentally challenging... need
» Bs mesons: Tevatron is the only place
> B-physics trigger: CDF has displaced track trigger
» Good lifetime resolution to resolve fast oscillations: SVX (L0O)
> Flavor tagging (will exploit time-of-flight detector for SSKT)

«Current CDF result: Am_>8.6 ps™ (95% CL), sensitivity 13 ps™

*Already significant impact on world average
*Much more to come! some of it very soon...
» will dominate world average soon

» possibility to measure Am_within a few years




Sensitivity Projections
Combined 50 observation

CDF Projections :: Combined Analyses
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ALEFPH |
{31-95, no D_L adjusted)

ALEPH D
{91-95)

ALEFH B
{91-00]

DELPHI B.+D_h
{92-9%)

DELPHI D_L-ipl
{92-95)

DELPHI vix
{92-00)

DELFPHIL
{92-00)

OPALL
{91-95)

OPAL DI
{91-958)

SLD D
{96-98)

SLD dipole
{961-333}
World average

Heavy Flavour
Averaging Group

I 1 11
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amplitude at Am_= 15.0 Ps'l

armplitude
0.49 £ 078 +0.20 {13.0 ps')

{sensitivity)

2R3+ 149+0.32 {T.5ps)

-0.47+ 1.15 +0.47 {0.4ps’)

-0.14+200 +0.51 {5.1ps")

0.45+ 358+ 1.93 {3.2ps))

1.25+ 137 +0.31 {86 ps)

0.23+ 304 +0.56 {6.9ps)

-0.96 £ 135 £0.71 {9.1ps")

-L25+234+ 191 {7.2ps")

_363+ 305 T0A0

e {4.2ps!)

1.03+ 136+

-0l

{33 ps'l}

0.44 + 100t ™

-1
om {3.7ps")

0.47 +0.43 {18.1ps)



Level 1

pipeline:
42 clock Level 1 o
cvcles *7.6 MHz Synchromous Pipeline
Y 5.5 us Latency
45 kHz accept rate
~ BVX read out affer L1
Level 2
buffer:
4

events
Level 2

« Asynchromous 2 Stage Pipeline
+20 ps Latency

«300 Hz accept rate

Mass Storage (50~100 Hz)

n B decays

Level 1: (396 ns)

@ Reconstruct COT tracks (!)
on dedicated hardware: XFT

@ require pair of tracks

Level 2 (20 us):

@ Add Silicon information to XFT
tracks.. look for:

otwo displaced tracks

o0r lepton+displaced track

- P> 2GeVic; %2, <25
= 180001 =47 um

~ 16000
o C
w 14000
= N

(4] R
§ 12000

10000




Proper time reconstruction

In principle, measing the proper time at decay is easy

m

Three problems...
@ Lxy distribution is biased by the trigger
» P_is not measured accurately in semi-leptonic modes

@ How do we measure our ct resolution?

O _
~7 /BB,
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