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LHCb upgrade

e When: Installed in 2018/19 (LS2)

e Goal: 5 fb'/yr — 50 fb™1 in 10 years
— Luminosity: 1x1033 cm~ s (assume 25 ns,1034is routine)
— At 14 TeV, heavy flavour cross sections: x2 current value

— Final signal yields: at least 100 times 2011 sample (N2o11)
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LHCb upgrade

e When: Installed in 2018/19 (LS2) _ ( CURRENT
e Goal: 5 fb'/yr — 50 fb-1in 10 years ';g 3 : ~
— Luminosity: 1x1033 cm~ s (assume 25 ns,1034is routine) .32'5 _ = B e
— At 14 TeV, heavy flavour cross sections: x2 current value %'/1 2 :
— Final signal yields: at least 100 times 2011 sample (N2o11) ; B
e Need: A smarter trigger : no more brute-force Et cut .g"b,5 _ decays with hadrons
— Upgrade all readout and DAQ architecture to 40 MHz i 0°- ; — é - :'5 - AJL = é !
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— Into [c++] HLT at 40 MHz and [partially] reconstruct all events Luminosity (x107)

— Necessitates changes for some subdetectors - benefit from new technologies
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— Necessitates changes for some subdetectors - benefit from new technologies

e Hope: Physics program greatly enhanced, especially in hadronic modes

— For DCPV in fully reconstructed final states, there is little competition (Add a m° and maybe...)



Extrapolations from Jussara Miranda’s talk

DCPV In charmless

Now 2030 stat. error
e Acp(B? = Kt )=(-8.8+1.1 £ 0.8)% nB: 035" > ~0.1% syst. dominated
® Acp(Bs— K ) =(+27 8 + 2 )% NB: 0.35 fo > ~0.5% stat. = syst.
® Acr(B* > Kt ) =(3.4+0.9+04+0.7)% > ~0.1% syst. dominated
 Acp(B* & KtKK=)=(-4.6 + 0.9+ 0.5+ 0.7)% > ~0.1% syst. dominated
® Ace(B* = ) =(12.0+ 2.0+ 1.9+ 0.7 )% > ~0.2% syst. dominated
o Acp(B* = K*Km*)=(-1583+4.6+1.9+0.7)% e ~0.5% stat. ~ syst.

I\

A Common issue: normalisation from Acp(B* = J/wK*)prpa



https://indico.cern.ch/getFile.py/access?contribId=66&sessionId=15&resId=0&materialId=slides&confId=208832
https://indico.cern.ch/getFile.py/access?contribId=66&sessionId=15&resId=0&materialId=slides&confId=208832

The three-body analyses are will be developed as full Dalitz analyses

S F S F | HCb-CONF-2012-028
3 >E ‘% ’
8L Ng 15 Common issues:
« F 1of Dalitz models
lof 02 53} PID calibration
SE 04 and normalisation
- =
0
m2 . (GeV/c?)
® Acp(B* = it ) = (622 + 7.5+ 3.2+ 0.7)% > ~0.8% syst. dominated
e Acp(B* = K*K'm*) = (-67.1 £ 6.7 + 2.8 + 0.7)% — ~0.7% syst. dominated

e Dalitz analyses of modes with Ks is in development and 4 body charmless will not be forgotten

— 4-body Dalitz techniques developed for D°—hhhh at CLEOc can be extended


https://cdsweb.cern.ch/record/1475779/files/LHCb-CONF-2012-028.pdf
https://cdsweb.cern.ch/record/1475779/files/LHCb-CONF-2012-028.pdf

DCPV in open-charm B decays. Focussing on y

( favoured )

Bb

(suppressed)

% u

BO

Bs

H D mode B decay
K Kt / Kt / Krm© Bu—[MK(mr)]oK (ADS)
K KK/t / Ksw Bu—DcrK (GLW)
K Ksrrt / KsKK /KsKrt / KK / rirr® Bu—[3-body]oK (GGSZ)
K oot / Kot / KK Bu—[hhhh]pK (4-body Dalitz)
K Krt / Krrort / Krm© Bu— [MK(rtr)]oK (ADS)
K KK/ Bu—DcrK (GLW)
K Ksrrt / KskKK Bu—[3-body]pK (GGSZ)
K* or Kt Krt / K / Krr© Ba— [MK(nr)]oK (ADS)
K* or Kt KK/ 1t Ba—DcrK (GLW)
K* or Knt Ksrirt / KskK Ba—[3-body|oK (GGSZ)
T Krrt / KKt/ mrr Bq— D1t (TD)
KK K/ K / Knm© / KK/ i/ Kshh - Bs—=De (TI)
K KKt / Krtrt / mr Bs—DsK (TD)
Krrt KKt / Krurt / i Bs— DsKrmt (TD)
D Kt/ KK/ mmt Bc— [hh]pD (ADS/GLW)
Kstt Krt / Kt / Kn® / KK/ i / Kshh - By—=DK* (ADS/GLW/GGSZ2)
/K D*0—= K / Kt / KK / it / Kshh Bu—D*h (ADS/GLW/GGSZ)
T Krt / Krrrrrt / Kru© Bu— [MK(rtm)|oK (ADS)
L KK/t / Ksw Bu—DcrK (GLW)
T Ksrrt / KskKK /KsKrt / KK / i Bu—[3-body]oK (GGSZ)
m oot / Kot / KK Bu—[hhhh]pK (4-body Dalitz)



arxiv/1208.3355

Estimation of the precision on y with 50 fbo

Decay mode v sensitivity
B — DK with D — hh/, D — Knnm 1.3°
e - — B — DK with D — Kdnn 1.9°
Many modes missing. Either: : o
1) reconstruction not developed or B 0_> Dx Wlth. D — dm , 0 1.7
2) their sensitivity not assessed B” — DKm with D — hh'; D — Kgnm 1.5°
B — DKnm with D — hh/ ~ 3°
Notably Drt... Time-dependent B, — D K 2.0°

Combined / ~ (0.9°

Great! But systematics need to be under fantastic control:
1) Acceptance asymmetries - must have regular dipole polarity switches
2) Production and detection asymmetries - €.9. Ainteraction(TT) = (0.08+0.24)%  arxiv/1205.0897.pdf

3) PID efficiencies - must retain large D*— [Kr|pmt ; J/Ww—uu,ee ; A—=pr calibration samples



http://arxiv.org/pdf/1208.3355v1.pdf
http://arxiv.org/pdf/1208.3355v1.pdf
http://arxiv.org/pdf/1208.3355v1.pdf
http://arxiv.org/pdf/1208.3355v1.pdf
http://arxiv.org/pdf/1205.0897.pdf
http://arxiv.org/pdf/1205.0897.pdf
http://arxiv.org/pdf/1205.0897.pdf
http://arxiv.org/pdf/1205.0897.pdf

~y measurement from the 2011 dataset
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https://cdsweb.cern.ch/record/1481337?ln=it
https://cdsweb.cern.ch/record/1481337?ln=it
https://cdsweb.cern.ch/record/1481337?ln=it
https://cdsweb.cern.ch/record/1481337?ln=it

Modes ready to add in a combination

— Not ready means either:

— Analysis has not finished (or even started...) or

— has N(observables) = N(additional parameters).

— Systematics related to y sensitivity incomplete.

11

BO

Bs

H D mode
K Krt / Krerere / K@ Sneha
K KK / e / Ksw Malde,
K Kttt / KsKK /KsKr / KKn® / mm® | Sunday
K ot / Kt / KK
K Krt / Ko / Kr©
K KK / T |
Krr Ksrirt / KskKK M.l e
Williams
K* or Kt Krt / Krurorn / Kr© Monday
K* or Kmt KK/ mnt |
K* or Kit Ksrirt / KskKK
T Krrt / KK / i
KK Kt / Knir / Knm© / KK/ it / Kshh
K KKt / Krurt / i ‘ Steve
K KKt / Krtrt / i Blusk
D Kr/ KK/ mm Sunday
KsTt Kt / Knir / Knmt© / KK/ it / Kshh
/K D*0—Krn / Kninnt / KK / it / Kshh
n Krt / Krerere / Kn© Sneha
n KK / 1ort / Ksw again
T Ksrrt / KsKK /KsKrt / KKm© / rir©
T ot / Kt / KK



Modes ready to add in a combination

‘ ‘GGSZ” :arxiv/1209.5869 '
‘ “K3”  : LHCb-CONF-2012-030 '

“ADS”

: Physics Letters B712, 203

“G I—V\/”

¢ The parameters relating to the D decay
are constrained by external information:

e D—-K*¥r=ri*r* (including constraints from D—K*r%)

‘ “CLEOC” : Phys. Rev. D80, 031105 '

e AAcp = AD—KK) - AD—m)
“HFAG” : AACP = (-0.656+0.154)%

D mode

A A AT

Kt / Kt
KK/ nn
Ksnirt / KsKK

K / Kt
KK/ nn


http://arxiv.org/abs/1209.5869
http://arxiv.org/abs/1209.5869
https://cdsweb.cern.ch/record/1478393?ln=en
https://cdsweb.cern.ch/record/1478393?ln=en
http://arxiv.org/pdf/0903.4853v2.pdf
http://arxiv.org/pdf/0903.4853v2.pdf
http://arxiv.org/abs/1203.3662
http://arxiv.org/abs/1203.3662
http://www.slac.stanford.edu/xorg/hfag/charm/March12/DCPV/direct_indirect_cpv.html
http://www.slac.stanford.edu/xorg/hfag/charm/March12/DCPV/direct_indirect_cpv.html

Parameters. gamma is not alone!

Analysis Na.« | Parameters

BT — Dh*, D — hh, GLW/ADS 14 | 7, rB, 0B, r'E, 0%, Ri/x,
Tkry Okn, DAcp

Bt —- DK™ D — th+h_, GGSZ 4 v, B, 0B

Bt — Dh*, D — Knnm, ADS 7 |7 7B, 0B, rE, 05, RK/x,
T'K3r, 5K37r: RKEK3n

Cleo D°— K : DY & Knrnm 9 | xp, Yp, Okr, OK3r, KK3ms
'Ky Ti3r, B(Km), B(Knnm)

AAcp 1 | AAcp

e.g. one of the many relationships:
QRngTB(K)Tg&T SiH(éB(K) + 5]53%) Sin Y

Raps

Aapsix) =



Events / ( S MeV/c?)

Events / ( 5 MeV/c?)

LHCb LHCb _

B'S[n'K] K*

|
Events / ( S MeV/c?)

‘D _ D
LHCb LHCb
BT Bkl -
_ i .
I U T YR TR AT TR
5400 5600 5400 5600
m(Dh*) (MeV/c?) m(Dh*) (MeV/c?)
( 2-body ADS/GLW . Physics Letters B712, 2083
T T T T T T 1: 30_ T T T B T T T .
2 LHCb  _
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v 20 -
2 _
2 10k _

@ |
800 -

LHCb
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400} _
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dobidoh

............. N
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http://arxiv.org/abs/1203.3662
http://arxiv.org/abs/1203.3662

Events / ( 10 MeV/c¢?)

—a
LHCb s LHCb LHCb |
—=
o
- - - - B o ) . N . |
B—)[Kn‘:mt]DK _é, B —>[nK nn]DK B 5[t Kmn Jt]DK
(]
_> _|
] i | b b b
B S : : e : . | i el e
LHCb N LHCb j LHCb
|

| | | | | I I

B>[Kn'n'n], B[k n'n],n B’ Kn'n] n’

e e 0 Sty gy Ay g TR Nt Bl b
5400 5600 5800 5200 5460 5600 5800 5200 5400 5600 5800 5200 5400 5600 5800
m(Dh*) (MeV/c?) m(Dh*) (MeV/c?)
( K3 ) :LHCb-CONF-2012-030

e Note, though these plots look similar to the 2-body
the patterns of CP observables could, and should be
different at the D-system parameters are different...

e Orthogonal information; not “just stats”
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https://cdsweb.cern.ch/record/1478393?ln=en
https://cdsweb.cern.ch/record/1478393?ln=en

Like elsewhere, the B—[Kshh]oK analysis battles the ambiguities

...........

— D W kA N 9

e Use the experimental likelihood

e Dilute by systematics (with an assumption of
uncorrelated Gaussian behaviour)
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DK relations only }

TB(K) COS((SB(K) |- ’7)

T"B(K) Sin(5B(K) Y )
TB(K) cos(5B(K) — )

TB(K) Sin((SB(K) — ’7)

GGSZ

) - arxiv/1209.5869



http://arxiv.org/abs/1209.5869
http://arxiv.org/abs/1209.5869

Observables — parameters : ADS/GLW

1472 1P E™ 4 2r ey K™ cos(0px) — 05™) cosy
RET _— R B(K) (@ p . I
K/ s 19y K™+ 2oy cos(0n(s) — O7) cosn FAV DK-only relations

KK 1"‘7"%(1() + 2rp(k) COS 0B (k) COS Y

K/m — SheabTyTy T%(,r) + 27 B(x) COS O B(r) COS Y “GI_W” A B QTB(K)’I"IE” sin((SB(K) — 55”) sin Y
™  — REK FAV(K) = 2 K2 K K
Kin = BRijx | | L+ 75 D" + 2reE)rp” cos(0pk) — 0p™) cosy
AKT — 21 () S0t — 0p") siny R = 1474, +2r cosd cos
U 1+ 72, 75" 4 orp o rE™ cos(Spam — 65™) cosy CP(K) B(K) B(K) B(K) v
Bm’ D o . D oy P “I:A\/” QTB(K) sin 53([{) sin 7y
AL — 2rp(r)rp " sin(dp(x) — 0p ") siny ACP(K)(KK) — + Adir(D — KK)

1+ T%(K)'rg”2 + 2rpreyrB™ cos(0px)y — 65™) cosy RC’P(K)

27 B(x) SIN O g () SIN 7Y 2rB(K) SIN 0B(K sin 7y
AKK Blm) = 7B + Agin(D = KK) A _ (K) (K) A (D —
m 2 ir cPE)\TT) = + Ag T
1+ TBx) T 27 B(x) COS O B(rr) COS 7Y ( )( ) RCP(K) ’”'( )

- QTB(W) sin 53(,”) sin Y 2
A" = 1+ r?g(w) + 27 B(x) COS OB () COS Y + Adgir(D = 77) p - r%(K)rgW + 27"B(K)7"Ig7r COS((SB(K) + 5§7r) COS 7y
2r (k) sin dp(k) sin vy G LW RADS(K) - 1 2 Kn2 2 Kn ) SKm
ARK = — + Auir(D — KK) + 7D T 2rBK)TD" cos(0B(k) — 0p™) cosy

1+ Thue) T 27 g(K) €OS dp(K) COS Y

Km Km\ 43
_— 2r (k) sin O p(x) sin y A _ 2rrB(K)er Sln((sB(K) + 5D )Sln7
AY = 5 + Agir (D — 7mr) ADS(K)
1+ TBx) T 27 B(Kk) COs O p(K) COS 7Y

Rapsr)

7"123(#) +rEm? 4 2rpmrRT cos(0p(r) + 0™ — )

1+ r%(w)rgﬂ + 2r ()T BT coS(0p(r) — 0BT — )

7'('2 ™ ™ n
prn _ "B T TET + 2" cos(Ose + 057 +7) e Use throughout:
1+ 7'123(7r)rg7r2 + 2rpmrp” cos(0pm — 65" +7) “ADS”

A(Acp) = ACP(D — K+K_) — ACP(D — 7T+7I'_)

7"129(1{) + 7’5”2 + 2rpk)TRT cos(dp(k) + 0K — )

1+ r%(K)r§”2 + 2rpyrBT cos(0p(r) — OB — )

R rhuo T BT + 2reu)rh” cos(8se + 85T +7) e And external information on rp and &p (next slide)
-

P
L+71507D" +2reu)rp” cos(0p@) — 05" +7)

17




Observables — parameters : K3t

e A rather similar set of equations is used CLEO-c input }

4280309-002

e Except that an new type of parameter, the 350 [
coherence factor, R is required - (b)
300
ps 1+ TB(K)TK3” + 2RE3™r g gy r 837 cos(0p(x) — 05°T) cosy 250 3
DK/Dm cab 1+ TB( ),r,D31r + 2RK371',,~B(7F),’.K31r COS((SB(W) _ 5K37r) COS 7y 200 :_
K3 _ 2RK37’7°B( )51n(53(,,) — 653™) sin () “EA” ]
" L+ 13D Ksn? | QRKSTr g 3T cos(0p(m — 0K3T) cosy 150 |
K3 _ 2R3 r gy r P sin(dp (k) — 05°7) siny 100 5
K 1+ 735D K32 | 2RE3Tr g gy B3 cos(dp(k) — O°T) cosy C
P _ "B T rKsr? | 2RI gy B3 cos(dp(x) + 0BT — ) 50 |
" 1+ TB(W)rIg"‘” + 2RE37r gy B3™ cos(0p(r) — 053 — ) 0 - | | 1 | | | |
K3r2 K3m K3m
pior B tTD" 2R ey 08O +05 7 +7) 0 01020304 0506070809 1
L+735TD Ksn? | 9 RKSTr g 3T cos(Op(m) — 0K3T + ) ADS’ R
IS "B T rksr? 4 2RIy g gy B3 cos(dp (k) + 0BT — ) o oA K3n
K— = —
L+ 13 rE™ + 2RE g 5T cos(bp(n) — 05°" — 1) Do, Ag[l (y/rE) R S5F
= (1 — (y/r Ccos
ki TBuo TTBT 4 2RM T rpurE cos(6pa) + 05T +7) B on J/TD, Fz; 2 F\2
Riy' = 1+ K372 K3 K3 K3r ‘|‘($/7"D) Rp sin 5D + (y + )/Q(TD) ]
rRu D+ 2RE3Tr g 5T cos(dp(r) — 057" + )




Statistical treatment

e PDFs are formed from the contributing analysis results either from

e the experimental likelihoods observables

—

* the experimental result and its covariance matrix, i.e.: A= (CB—’ Y=s T4, Yt, Acpy, 1o
fi oc exp (—x?) oc exp (—(Ai(Gi) = Aiops) " Vit (Ax(@) — Aiops)) ~ DEATEIETS
o = (’77 'B, 537 'K, 5K7r)

T
e The global best-fit is defined as that which maximises the likelihood

L(&) = H Fi(As obs| As(T))

e Our confidence in in this best-fit is calculated by inspecting the change in y? vs. a parameter of interest, = Ay?
e The “probability” (well, 1-CL) is obtained with toy experiments generated at many values between [0-180]°
e Ask: at a given value of y, what proportion of toy-fits have Ay? larger than the real data has (at that given value)

e To be explicit, this is the “PLUGIN” method. Coverage has been checked though studies are incomplete.
19



Using B-=DK" decays (2-body + GGSZ) + D-system (rp,dp)

d - DK GGSZ .
) 12F E
ﬁ pa—
- DK GLW/ADS(hh) -
1 B | 1 1 I 1 I || I | || 1 I || 1 | I | 1 || I | 1 | I 1 ] 1 I I 1 1 I 1 I || 5
0.8 _f
0.6 -
0.4 _ _:
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Using B = DK decays + D-system (from CLEOC)
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Using B-= Dt decays + CLEOc

22

1-CL

(result available from the “2-body ADS/GLW” + “K3mrt ADS” analyses)
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Using both B-= DK™ and B-—=Drmt" decays + CLEOc
3l | ] | | | | =
Q 9E 3
— 7 LHCb S
0,8;— Preliminary —;
0.7F =
0.6F- =
0.5 - -
- LHCb B+—DK*
0 .4 :_ Preliminary B*— D
03" 4 v () 63.7° 85.1
02F 68% CL | [61.8,67.8]  [77.9,92.4]
01E 95% CL [43.8,101.5]
0 El|l| ............................................................... lli ......... ]
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Bk and OB

1-CL

1p i | i | T = R T (= T =
0.9F = < 09F =
= LHCb - — 7F LHCb -
0.8 Preliminary =~ — 0.8 Preliminary
0.7 = 0.7F =
0.6F - 0.6F =
0.5F = 0.5 =
0.4F = 0.4F =
- 68% - - -
03[ T R 0.3F T S
0.2F = 0.2F =
01 959 = 0.1F —
e R S Sy @ - R

0 20 40 60 87\ 100 120 140 160 180 Foa 006 008 0.1 012 0.14  0.16
Og [] /\ Ip

"LHCb £10.0° LHCb +0.008°

Preliminary -12.6° Preliminary ) -0.009°
5B(K) (o) 119.3° TB(K) 0.095
68% CL 106.7,129.3]° 68% CL 0.086,0.103]

L 1.3,138.3|° L : 111
2 | 95% C 81.3,138.3] y _ 95% C 0.078,0.111]

J




Conclusion

e The study of direct CP violation has fantastic promise at the LHCb upgrade. Huge samples to fine tune Dalitz
models and provide deep understanding of the penguin contributions in the search for non-CKM CPV

e The prospect of a precise (~1%) measurement of yckm with tree-level processes alone is realistic
e 1st step: From the 2011 sample of Bt=DK= decays, we find: y=71.1 T}S_‘? [41.4 - 101.3]os5% cL
e For B*—DK* + B*—Dm* decays, an interesting maxima in the likelihood appears at 85.1".
e This solution is consistent with the input measurements. 95% CL : largely unchanged: [43.8 - 101.5]o5% cL

25 o And we note that it is only a 1 sigma effect... L HCb-CONF-2012-032



https://cdsweb.cern.ch/record/1481337?ln=it
https://cdsweb.cern.ch/record/1481337?ln=it
https://cdsweb.cern.ch/record/1481337?ln=it
https://cdsweb.cern.ch/record/1481337?ln=it
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Y VS. I'B) and dg(
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e Seems fine. About where you’d expect. DK system does not strongly differentiate between solutions
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Y VS. IBm and dpm)
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e The global minima is at a “surprisingly” high value of rgm. One might expect rgm = 0.005 - 0.010
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Is there any internal tension in our results”

’
The only way to have an

2 RK?”TTB K rE37T oin OB(K) + SK3m sin 7y negative asymmetry is for
AADS(K) = )" D B ( ) D ) < the sum of strong phases
ADS to be €[180 - 360

¢ |n B—DK, a consistent picture is seen with
the strong phase around the ‘usual’ value.

[ 6%K~113°]

The small coherence
factor in D—K3rm dilutes
the observed asymmetry
(shortens the arrow)
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In B—=Drmt, we have two possible solutions

[ 5%”~21o°]

Aapsm)(KT) = +big
Aapsm(K31) = —small

[ 6%”~320°]
’

Aapsm(Kr) = +small
Aapsm)(K3m) = +small
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S0.. the surprise is that the asymmetry in BE—= =K Tirpri*
IS In the same sense as the asymmetry in B = [r*K*|prt*

Anpsm(K) = (+14+6)%

LHCb

B'>[rn'K] " —

4_
- 5600
m(Dh*) (MeV/c2)

preferred in combination

[ 5%”~320°]

Anpsm)(K3m) = (+13+£10)%

I ! I ! I ]
} LHCb 1 LHCb |

( H B — [313-[{ +J'|;+J'|;-]DJ'|;- ; | B+%[TIS+K_TE+JT,’]DTE+ —
Anapsm(KTT) = +small 1 +
Anps(r(K3T) = +smalll g | | " o -
TU5200 5400 5600 SR00 5300 5400 5600 5800

m(Dh*) MeV/c?)
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