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* y angle from B* — DO K*
v could be extracted by exploiting the interference between the

processes b —- cus (B*— D°K‘) and b — uc s (B*— D°K")

v bV u
R N G c DO
b < S
v o B+ Vs
B+ C
U U U U K*

Favored b — ¢ decay Color suppressed b — u decay

A~V Vo ~ A3 A~V V. ~ A ryeB e
* 6LW (Gronau-London-Wyler) method (/r.8253,483 PLB265,172))
that uses the B+ — D K* decays with D, decay modes. Dgp, — wn* -, K* K-
and Dgp. — K9 79, KO, w, KO ¢.
- ADS (Atwood-Dunietz-Soni) method (/PrL78 3257:PrRD63,036005])
that uses the B: — D K* decays with D reconstructed in the doubly cabibbo

suppressed DO%.s — K* -
* 66SZ (Giri-Grossmann-Soffer-Zupan) method (/PrL78,3257, PRD68,054018])
that uses the B: — D K¢ decays with the D and DP° reconstructed into three-

bodg final state. For example the DY — KO, m* - 2
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@ The CDF ITI detector

TRACKING system:

- DRIFT CHAMBER
96 layers (|n]<1)

— 1.50 n/K separation by dE/dx

- SILICON TRACKER
7 layers (1.5-22cm from beam pipe)

— I.P. resolution 35 um at 2 GeV
— o(p1)/p+2 ~ 0.015% (c/GeV)

TRACKING TRIGGER system:

- Chamber track processor at L1,
2D tracks in COT, pr> 1.5 GeV

- Silicon Vertex Trigger at L2,

2D tracks p > 2 6eV, Impact
Parameter measurement (trigger on
events containing long lived particles)
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NEW : ADS method at CDF

First measurement of A,y and R,y
at a hadron collider using 5 fb!
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ADS Observables
Direct CP violation in B — Dy.sK modes

Raps(K) = N(B~ = D% sK~)+ N(Bt — D} cK™)
Observables N(B- — D2K~)+ N(Bt — D2.K™)
Aups(K) — B = DY K~)— N(BT — DY KT)
N(B- DY K-)+NB+—D°_ KT
From theory:
RADS(K) - r‘DZ + r‘BZ + 2r‘BI"D COS(68+6D) COS'Y AADS(MA_X) _ 227’BI’D _
Iy +1,
A 4ps(K) = 2rgry sin(dg+ dp)siny/R 4ps(K) 1
Aups(m) = VB = DY%pgm) — N(BT — DY o) Sizeable

T _ 0 T ] 7 + 0 4+ :
N(B- — D% g7 )+ N(B+ — DY o7mt) asymmetries may

be found also for
Raps(m) = ———=— 0 o+ 0 .+ bcs T
N(B- — Dgpm~) + N(BT — Dgpnt)
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CF and DCS samEIes (L = 5fb-1)

= O = = + = O
— — - - + - -
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(] = e [~
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Crucial step toward

Cuts optimization —wemsp DCS modes

- Maximize the quantity 7B on CF sample.  (arXiv:0808063v2)

1.5+
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Optimized cuts

B candidate DO candidate Reduce contamination
from three bod
* Lxyg/errLxyy > 12 * Lxy wrtB > 0.01 cm / decay (B+eh+h-hy+)
- |IP;| < 0.005 cm - AR(D-track from B) <15
» Pointing angle < 0.15  AID(KfromD-nfromD) > -1.
- Isolation(R=0.4) > 0.7 - |cos(6*),| < 0.6
» Isolation(R=1) > 0.4 *+ 1.8495 < M(HP k-n) < 1.8815
* %%3p¢ 13 * M(HP m-k) > 1.9045 & M(HP n-k) < 1.8265

* M(HP k-nfromB) > 1.9045 &
M(HP k-nfromB) < 1.8265

n - ¢ space

pr(B)
pr(B)+ Y, py(i)

I(B) =

v

Exploit the powerful 3D silicon-tracking to resolve multiple vertices
along the beam direction and to reject fake tracks. Backg. reduces x2,
small inefficiency on signal (<10%).
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CF and DCS after cut optimization

- 0 - -+ - - 0 - $ oe -
B-— DO mn— [Ka]n B-— DO%sm— [K' ] m
CDF Run Il Preliminary Lirl1t =5 fb’ CDF Run Il Preliminary Lirlt =5 fb’
(:}'.'.’. B Cabibbo Favored !:I-}':?. 240 Doubly Cabibbo Suppressed
2 5000 — B — D¢, — [K n*] 7 + c.c. 2 220f B — Dl . m — [K'w]x +c.c.
py o 200
- - . 180F
= 4000 = E
8 8 160
1] w -
- = 140
E 3000 § 12n5—
“‘ "' 100f- B~ — D5 v peak
2000 a80E-
60}
1000 aoF
N 20—
i I T MTEPErE B AT TSN AT AP ECE A A A L. B i B et 2 o
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Separating DK from other modes

CDF Run Il MC B-— DOCF T — [K- J‘l?+] T YLm=5fb"
Emm:_ B~ D' 2 gﬂlj:b[:? :_ﬂiﬂ;;'f'ﬂ T + C.C.
“31400: MC B s Dﬂ K =2 CF
3 °
£ 1200 B-D°x 5
& I _ &
1000 ' B-D g
9 0
.E 800 ﬁ DATA
- ,
Z so0f- : Other decay
) MY h
400}\7?1 Ak
T
B -L]" . L B |
| T a— T T RRTY 4 T TR 4 4 : d 52 53 54 55 56 57 ;5-3
D’ x mass [GeV/c?] K mass [GeV/c]
To reject most of the physical
I,} e backgrounds, narrow fit windows
] | [5.17 6.5]
e L o The only significant physu*cs backgrounds
- k are B-—D{r)and B- —D%"1) 9
5.1 5.2 5.3 54




Separation by Particle ID

Implementation of a Likelihood FIT using masses and particle

identification (dE/dx) information to determine the signal
composition

CDF Run Il Preliminary

0.06

B 4 +
0.05[~ S5 TC

0.04F

Frequency per 0.2 ns

0.03
0.02}-

0.01—

_ | | _1-1‘_. 111 111 111 i '.‘J.:')-d. L Ll | 11
9% 8 6 -4 2 0 2 4 6 8 10
dE/dx residual [ns]

K - = separation: 1.5 o for
p>26GeV/c
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Results

D mode

B* =Dr*

B- —=Dn-

B* —DK*

CF

8873+103

8804+103

72747

DCS

29+10

44412

28=+11

Yield (B — Dyc<K) =
Yield (B — Dpeen) =

34
73

H

=+

14 (5 fb-1)
16 (5 fb-1)

Significance for all DCS
signal (Dpcsm + DpecK) > 5 o

B* — D% v— [K w*] ot

B- — DO%s m— [K* ] o

CDF Run Il Preliminary le =5tb”’

CDF Run Il Preliminary le =5tb”’
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Results: physics background

Physics background for DCS:

Decay

Yield

B-—DY -, DO*—=D%/n®

B-—DO%n-, DO—X

B-—DOK-, DO—X

B-—Kx o

BOe DO*- et Ve
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B - I, e = [K 2] oo
—+— Data
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Results

R, ,s(m) =0.0041+0.0008(stat) = 0.0004(sys?)
A, ps() =022 £0.18(stat) = 0.06(syst)
R,,(K) =0.0225 £ 0.0084(stat) = 0.0079(sys?)
A, ps(K) =-0.63 £ 0.40(stat) + 0.23(syst)

* First measurement of A,,s and R, at a hadron collider.
* Agrees with previous measurements from other experiments.

R, pslm) R sps(K)
BABAR wxviowssy ———8—— 0.00330 = 0.00060 = 000040 BABAR (axi006.2e1) —— 0.0110 = 0.0060 =0.0020
Belle wxuom —— 0.00328 000037 F099022  Belle (conauo —e— 00162 = 00042 00016
CDF Il (cxwaio-L=spn ' L 0.00410 = 0.00080 = 0.00040 CDF Il  (cxmzi0: L= 5. —— 0.0225 = 0.0084 = 0.0079
AvVG e 002~ 6008 0004 0.005 000340 = 000040 AVG 002 001 0 ool 002 0.03 n.m(i]I 0090 =0.0050
Anps(T) A,ps(K)

BABAR oxiv-1006.426y ———®—— 003 £0.17+0.04 BABAR wx-i0064241 ——8—— 086 +047 ‘_"(2-1162

Belle cxu om0 —e— 004 +011%0 7] Belle crusom —.— 039 =026 *006

CDF Il (cxm2010.1.= 5501y ——e—— 022 +£0.18+0.06 CDF Il cxuoior=spy —O— -0.63 + 040 +0.23

AV G (Babars eltets) —— 000 =0.12 AV G (BabarsBeiteos). ———t 072 +0.44

04 02 0 02 04 5 x 0 ]



GLW method: first measurement of Ap,

and R.p, at a hadron collider using 1 fb-!
(Phys.Rev.D81:031105,2010)

Paola Squillacioti
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GLW Observables

Direct CP violation in B — DK modes
4 observables

From theory:
(B~ —= D, ., K)+I(B* — D, K")

Rep, = Rep, = 1+ rp? £ 2ry c0sd, cosy
© [[(B"—=D°K")+T(B" = D'K")]/2
Acp, = 2rg sindg siny/Rp,
(B —D., K)-T(B*— D, K")
ACP: =

" I'(B—=D%.K)+I(B*— D’ K" 3 are independent

(Acp.Rep. = -Acp Rep)
and 3 unknowns (rg, v, 9g)

P B(B- — DK )+ B(B* = D°K") )
B(B-— D7)+ B(B* — D’n*)

- 0 - + 0 + > RCPt N Rt/R
R _B(B %DCPiK )+ B(B %DCPiK)

* BB —D%,m)+B(B" =D,

We neglect a term
r'Blvusvcd/vudvcsl ~0.01 15

Paola Squillacioti



Selection of DGE modes

| ¢ B —= D%, n— [KK] L = 1fb! CLB = DO, =[] o L = 1fb!
= 250 = r
= [ S 60
8 200~ &
> o 50F
§150_— § 40?—
g - g a0
w 100— L -
N 20—
50— -
C 10:—
98 48 5 B4 Bz 53 54 55 b6 57 5. 848 55452 53 54 55 5.6H{W§.8
KKn mass [GeV/c ] nnn mass [GeVic?]
We optimized the cuts by minimizing the
expected statistical uncertainty on Ap
ool > 0.65 Select the sub-sample where the
. chio3D <13 - LxyD_B > 0.01 cm B-.pion is.a Tr'i.gger' track .
. [dO_B| < 0.007 cm * LxyD>0.04 cm (kinematics differ according to
. Sig_LxyB > 12 * AR = (A2 + An?)l/2 < 2 which tracks trigger, need a
B separate fit for the rest) 16
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eparation by kinematics and Particle ID

Implementation of a Likelihood FIT using kinematics (masses

and momenta) and particle identification (dE/dx)
information to determine the signal composition

O .
DOt mass vs momentum imbalance o CDF Run Il Preliminary

CDF Run Il MC g ooer
o (\! B r!'_-" -+
S sab o o.0sf 2 T
ﬁ - barte " T T T B - _"+-+ g - i 5
g 5.25 Ak m“““m;muum““ >
8 F | O 0.04
E 52 e, S
B taa, (<))
a - . = B
5.15[ B—-D"x g 0.03—
5.1 f— B—-D'K b C
5.05; theoretical curve 0'02:_
5 -
- 0.01—
4.95) C
49:1 Il |lJIlJI JI L L JL Il ILJILll 5 qlllll JJ—l-‘r‘III 111 L1l 'L')—~LLII|III
1 08 -06 04 -02 0 02 04 06 08 1 o 8 6 -4 2 0 2 4 6 8 10
a dE/dx residual [ns]
If P, <Py a=1-P/Pyy>0 K - & separation: 1.5 o for
17
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Results

D mode BT - Dnt B~ — Dn~ BT - DK™ B~ —- DK~

K7t 376968 376368 250126 26627

KTK~ 381+£25 399+26 22+ 8 49 +11

Yield (B — D .K) ~ 90 (1 fb-?)

atax~ 10113 117+14 616 14 £6

R, =1.30+0.24(stat) + 0.12(syst)
Acp, =039 +0.17(stat) = 0.04(syst)

- (4]

(] - - + h + + o B + -

S 200 B = D¢p, v = [K K] 100 B* — D, 7 — [ w*]x
@ [}) L +

= 180 + . =

o I B”— Dep, = B* — Dgp, 7

™ 160} —B*—D., K* N80

T F S CP+ - ~ B:—D K*

2 140 B - D° g oPs

+ 0 .

L120- | | B~ KK K £ 60 B —D'x

g 1002 T --- combinatorial background g T combinatorial background
w w

Lol R S — SRS TS
. 5.4 55 . . 5.4 55
Paola Squ KKr mass [GeV/c?] nnn mass [GeV/c?]




Cross-check: kaon PID selection

B—DOp,n—[nn]ln L = 1fb!

o 16 ™ 16

S | B" —> Dep, n* — ' '] S B’ —> Dep, @ — [ ']

% 141 Positive charge: % 141 Negative charge:

& 12f 1 B* — D, & 12f i B D,

B0 ]B* D, K* S0l |l B D,k

[ 2] .

S 4 B'->D"w 5 ® =Dt

o 55 ----- combinatorial background ar YooY combinatorial background A r‘eqUir‘emen'l' on
B _ the PID variable
2 % + : NI 1 was applied to
0552 53 54 55 . 0752 53 54 55 _—2 Suppr‘ess The DJ‘[

e mass [GeV/c?] e mass [GeV/c?]

component and

— DO — = 1
B — D%, n— [KK]m L =1fb favor the DK

o o
4] L + + - + + © 60— - - - + -
3 B =D, 2 KK 27 > = Do, IR R component
s | Positive charge: = Negative charge: p .
=) =)
40— L -
(3] N -
b B"—~ I:)1'.}P+ w = | B~ I:J(.7P+ T
8 L B — Dgp, K 240 B — D, K
‘E 30 B*'>D"x* "E - B-D"x
g B'- KK K 2307
w o [Tl N combinatorial background w r
20}
L _|_ + 10
07 0_ e =B =l

5.2 53 54 55 5.2 53 54 55 19
KKn mass [GeV/c?] KKn mass [GeV/c?]



G6LW method: Summary

* First measurement of A, and R, at a hadron collider.

* Agrees with previous measurements from other
experiments.

Acp ' Averages HEAG) Rp, Averages HEAG

PRELIMINARY PRELIMINARY
" BaBar : _'+ " 0.25+0.06 = 002' BaBar , ++ ' 1.18 +0.09 = 0.05
arKiv:1007.0504 ; : arXiv:1007.0504 | |7
Belle : 1 0068+014 gg5 E!~E||5E.l = 1.13 +0.16 = 0.08
X PRD 73, 051106 (2006) "_;*_"' : X PRD;73,051106 (205515";7'
S CDF 5 . 039 01?+004 &  CDF 1.30 = 0.24 = 0.12
a PRD 81, 031105(R) (2010) ! PRD:81, 031105(R) {?ﬁifﬂf '
Average : : 0.24 =+ g 06 Avsrage L 1.18 £ 0.08
HFAG : *‘{ e HRAG

20
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NEXT

Luminosity (pb™)
- 10

nnnnnnnnn

s000l- ~9 fb-! delivered R
* Excellent performance of ~ ~7.5fb" recorded
Tevatron accelerator s000r
. ExpeC'I' 10—12 fb'l by 2011 4uuu:_ ..................................................................................................................................................... |
2000/ Eﬁi::

1 1 I L 1 1 1 | ]
7000 8000

1%00

1 | 1 il 1 I il L 1 1
4000 5000 6000

Bmode | Dmode | Meth. | CDF Yield 5fpt | COF Yield 107b
(rough extrapolation)
B — DK KK, mtx GLW 300 550
B — Dn Kr DCS ADS 70 130
B — DK K DCS ADS 35 65
0(Aaps(K)) | 0(Raps(K)) | 0(Aaps(m)) | 06(Raps()) | 0(Acp.) | o( Rep.)
Now 0.40 0.0084 0.18 0.0008 0.17 0.24
L=10 fb-! 0.29 0.0062 0.13 0.0006 0.07 0.10




Conclusions

- CDF performed the first measurement of A,y and R,y
at a hadron collider using 5 fb.

- Significance of DCS signal (Dycs 7 + Dpcs K) > Bo

* This supplements recently published first GLW analysis in
hadron collisions within a CDF global program to measure
angle gamma from trees.

- Now working to expeditely update the GLW analysis to the
5 fb-! sample

22
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BACKUP
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ADS: cuts definition

Pointing angle = angle between the momentum 3D of B and
the decay axis

cos(6*), = angle between the DOin the CM of the B and
the flight direction of B

_ dE/dx(h) - dE |dx ., (7)
~ dE/dx,(K) - dE |dx,, ()

AID = ID(Ky) - ID(rty) where ID(h)

24
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ADS: Systematics

Source RAps(ﬂ') RAps(K) AADS(’J’T) AADS(K)
dE/dx 0.0001 0.0050 0.0560 0.070
combinatorial background | 0.0003 0.0037 0.0073 0.153
B~ — [X|pn~ shape 0.0002 0.0025 0.0067 0.057
B~ — [ X]|pK~ shape - 0.0001 0.0003 0.003
B~ — K~ n"n~ shape 0.0001 0.0004 0.0049 0.009
BY — D¢~ eTv, shape - 0.0003 0.0020 0.007
B~ — D*7~ shape i 0.0005 0.0009 0.013
efficiency - 0.0001 - 0.003
bias 0.0001 0.0042 0.0159 0.148
Total 0.0004 0.0079 0.059 0.232

Paola Squillacioti
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ADS: Likelihood

Nevents
Lpos+ = ] [(1 —bpesyt) - (ﬁ}DGSJr - pdfr(M,ID) +c* - fP°F - pdfp. (M, ID)+
+ (1= P95t — et fPO5F) - pdfx (M, ID)) +
+bpcos+ - (f[j{q?, - pdfixx (M, ID) + fiy g - pAfixix + fpm - P Krn (M, ID)+
fho - pdfo(M,ID) + (1 = fily,. = fikic = Fear = F0) - Pfeomp(M, ID))]
Nevents
Loos- = [ |(0=boes ) (£ pdfa(M,ID) +c™ - fPO5~ - pdfp.(M, ID)+

1

+ (1= FP97 = fPO57) - pdfx (M, ID)) +
+bpes- - (f[;&’]?r pdf(x1x (M, ID) + [y - pdfxig + fiopr - PAKan(M, 1D)+
fo - pAdfpo(M,ID) + (1 = fx1, = Fixiic = finn — fi30) - Pdfeomp(M, ID)) |

26
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GLW: Likelihood

Fit for B- — D% n-/K fractions SIMULTANEQUSLY in:
Doﬂav, DOCP N KK, DOCP —> TJUJT mOdeS.

[1Nevents [(1-b) * (f. F. (ct, Ptot, My, dE/dx) + f5 BGy (ct, Ptot, My, dE/dx)

Likelihood =

+ (1-f_ - f,) Fy (o, Ptot, My, dE/dx)) + b BG_,, (o, Ptot, My, dE/dx)]

b = fraction of the background measured with respect to all the events
f. = fraction of B — DO x with respect to the total signal (common to the two

DCP modes)
fy = fraction of B — D% n with respect to the total signal (common to the

flavor and the DCP modes)

F. (o, Ptot, Myg,, ID) = pdf(Myo, |, Ptot) pdf(a,Ptot) pdf(dE/dx| o, Ptot)

~
Write masses with different particle assignments as functions of a

single mass + appropriate kinematics variables o, Ptot 27
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GLW :Likelihood

’ df(MDOJ‘E I A, PTOT) ’@
/

Fi (O(, PTOT, MDOJ‘E’ ID) =

df(dE/dx| a, Ptot)

Mass term Momentum term PID term
'.5'9“0} shape from MC - Sighal shape from MC Signal and
(including FSR) - Background shape background
* Background shape: from data sideband shapes from
exponential function free DO — K-t
|n The fl.l. CDF Run Il MC
¥*=152/119 Prob = 0.02
A
Eﬁ v i'! * u.uz; ” (S
‘?.: e * ‘t} o.o15f ,’J’ F‘l&
3 | f t . |
5 10 o * H" it oot /l \-‘
k H* | Wﬁm% HM 4 = :;—_-3:;‘;—;-,-:—*—“"" 608 ansf- 1‘“{ \IN\
RN AN NI -
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GLW: Systematics

Source Repy Acpy

dE /dz model 0.056 0.030

D% 7 mass model 0.025 0.006

Input B~ mass to the fit 0.004 0.002
Combinatorial background mass model 0.020 0.001
Combinatorial background kinematics 0.100 0.020
D kinematics 0.002 0.001

DK kinematics 0.002 0.004

D% kinematics 0.004 0.002

Fit bias 0.005 0.003

Total (sum in quadrature) 0.12 0.04

Paola Squillacioti
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Current situation for the y angle
measurement using B* — D° K*

m -=+ D(*) K(*) GLW + ADS WA

ICHEP 10 i D{*) K(*) GGSZ J Combined
- Full Frequentist treatment on MC basis —— CKM fit
u! i T T | T T ||,'l‘l. T I T T | T T I T T | T r!;‘.l T T I T

]

08 | ; ,_
i i '
- -" .; |_1
- 06 — '-I ‘! '\_ T
(& ! A \
" '-’ 1 [
T 04 ; i L -
N '-’- _:'I "l-
0.2 I " "_.L
i . ! .“ _.f- \
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The Tevatron

Tevatron is great for rare B decay searches:
» Enormous b production cross section, x1000
times larger than e*e- B factories
- All B species are produced (B°, B*, B_, A,...)

BELLE

But:
* The total inelastic x-section is a factor 103
larger than o(b b)
* The BRs of rare b-hadron decays are O(10-¢) or
lower
Therefore interesting events must be extracted
from a high track multiplicity environment

Detectors need to have:
» Very good tracking and vertex resolution
» Highly selective trigger
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