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Neutral B (Bs,Bd) mixing - sensitive to new physics

Focus on mass d

ifference of eigenstates, AM,

Electroweak Hefr requires nonperturbative determination
of 4-quark operator MEs - use lattice QCD

SM A M,
0r = :WZ(V _ A)\Ifg] [@Z(V _ A)qu]

0y = [T,(S— P)w

O3 = _WZ(S - P)xlfg_

_@;(S - P)\Ifg_

|

_@‘Z(S - P)\Ifg_

5 operators cover SM and BSM

_ :ﬁz(s _ P)\If’ﬁ]: :ﬁi(s n P)\Ifg:

:EZ(S - P)qu: :EZ(S + P)\Ifﬁl: .



Useful insight - vacuum saturation and bag parameters

N
(O (1) = n; fB M? B, B“)( ) less dependence
'\ on mg, lattice
decay constant = spacing?

meson annihiln amp.

To evaluate use = My

q __ _? MBq 2

2= 73 (mb<]/\2)+mq(:u)2) / mb(mb) mb/ms
1 B

1 = 3 (et L) 4.162(48) GeV;  52.55(55)

HPQCD, 1408.4169, 1408.5768

C [(mb(M)Jr;n (u)) "6 . .

q ) HPQCD Lattice QCD calculation of 4g-
o= [( Yz, ) . 3| ops and annihiln ops done together so
ya Al mai) /2] By easily determined.

If B~ 1, expect MEs to fg determination done earlier. Well-

il established lattice results for this.
vary in size, e.g O3 small  Here yse improved NRQCD for b-quark

Mp 1




Lattice QCD = two-step procedure

1) Generate sets of gluon fields for
Monte Carlo integrn of Path Integral
(inc effect of u, d, s, (¢) sea quarks)

*numerically extremely challenging*

2) Calculate valence quark
propagators and combine for “hadron
correlators™

*numerically costly, data intensive™

e F1t for masses and matrix elements

* Determine g and fix m,to get
results 1n physical units.

* cost increases as a — 0, m; — phys
and with statistics, volume.



Inversion of 107 x 107 sparse
matrix solves the Dirac equation
for the quark propagator on a
given gluon field configuration.
Must repeat thousands of times
for statistical precision.

o DRACy

www.dirac.ac.uk

Allows us to calculate
quark propagators
rapidly and store them
for flexible re-use.
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http://www.dirac.ac.uk

Example parameters for ‘2nd generation’ calculations now
being done with staggered quarks.

™Mo, — My

0.14

0.12
mass of u,d

quarksy 0.

0.08

m_/ GeV

0.06
real
0.04

world N
-0 — 002

135 MeV

'MILC HISQ, 2+1+41  ®

-----------------------------------------------------------
\d .
o .

J—

“2nd generation”
lattices 1nc. ¢
quarks in sea and
NLO-1mp. gluons
HISQ = Highly
improved
staggered quarks -
very accurate
discretisation

E.Follana, et al,
HPQCD, hep-lat/
0610092.

e— myq~mg/10

oooo
-----------------------------------------------------------
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B meson decay constant calculation from ‘2-point’ function
T

Ol D) HO)0) = Y ate T L agerm
large
no N\
H - H gives decay "~ masses of all
constant hadrons in H
(O0H|Bg)| _ Ms, _
a’ — o qu H —
0 /2Mp, 2 VyY075%q
M M _
= [\ 5t H =15

2 mp+my

Must match lattice current to continuum for most b quark
formalisms. For improved NRQCD done through as A /my,

AO — (1 T OéSZ()) X (Jz(él()()),lat + (1 + OéSZl)‘]j(éllg),lat;\l_ aSZZ‘]I(LXQO),lat)
7

R. Dowdall, et al, HPQCD, 1302.2644 I'GI.COITIIS



185(3) 225(3) averages Bav, Bs

decay constant world

1202.4914

B N averages
fB sti fo
i | LXpt C. Hughes, et
I Funitarity Vap S ENEW# el e, in
fB+"; . HPQCD NRQCD Test by comparing
BT wdsesa > results for Ao and P
a HPQCD HISQ 11104510 L0 Same accuracy -
LA A HPQCD NRQCD
e

agree within 2%

FNAL/MILC 1112.3051

RBC/UKQCD 14044670 1 1OTS
s | u,d, s sea
1 U ETMC 1308.1851 1.3 —
N . ALPHA 14043590 12} : # s
u, d sea
L1 1 L L 1 L :;E 11k ©® @2 @D
150 175 200 225 250 275 300 Sopsooogmoccge--a oo
fg / MeV & 09}
f T osl X oo PoolaA/my) ||
. A ) O (0L, ocA/mb)
Different b quark and weak current - :
. . 0.000 0. 005 0. 010 0. 015 0. 020 0. 025 0.030
normalisation methods agree & (fn)



Meson decay constants - big picture

Parameterises hadronic information needed
for annihilation rate to W or photon:

2

e 1503.05762

0.7 | Experiment : weak decays
: em decays — o [ﬁ

% | Lattice QCD : predictions +—o— ]
5 0.6 o
O, . postdictions &
- I -
= 05 _%_
;'G 0.4 om0 © -
2 ' 0.2% accurate
O V’LLS -
Z 02l s © 0 ° :
O g ©
£ X
- 0.1 _
T K B*B DBfB, 9 D, D*v{' nc ¥ B*B, X' my T
0 X

2012 \0.5% accuracy from lattice QCD

S T now : FNAL/MILC 1407.3772
Vb BES will improve expt. Vg V.4

decay constants of
vector mesons now
being pinned down



4-quark operator matrix elements from ‘3point functions’

O, T Fit 2pt and 3pt together

0 _

E aiJijaje Et —E;(T—1)

t ] gives
O, matched to continuum to (By|On|Byg)
C. Monahan et al, 0.8 N T T '
order cvg, A/my rocoisor.s0s0 ol b
11 o
_ (1) / 041 55 o w7
<OZ>M—S(mb) T []‘ —l_ OKS ]<Ozrlfcz£> 02 L 0 x Q i
1 \ SN: N ¢ ; fffffffff S S T &
oz (051) 0] L. T
04| N
Otree O(O) + O(l) 0.6 | B
t,lat = “i,lat i, lat 0.5 [IBBGLN scheme | |
O(A/my) 2% 1 2 3 4 5

amy

Divide by 2-point op at same order to get Bgq z;i are smaller than z;;



Previous results
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n=2 twisted
mass (*NO* s
quark 1n sea);
a=0.1fm to
0.05fm; B
params; RI-
MOM matching
and then
extrapolate to b.

clover b; a=0.12fm to 0.045 fm; 4q- op ME, pert match

| | I
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HPQCD prehmmary 3pt amplitude currently blinded
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Chairal pert. theory for dependence on m - log terms

2 2 2
/B = JB0 (1 2+ 09 M ln(%)> 9" = 0:20(7)

2 2
4 AX H 1s B*Bm coupling
a2y 2 , from lattice QCD

n n — a(¢ n M m:.
B(B) — B(B.z) (1 - 5 A2 In(—-) (there are also m?

YK -
polynomial terms)
g term from “sunset” diag.

, chiral Ilog
M(B)-M(B)=45 MeV

B B* B* B

Inc. B*-B splitting modifies _0:01 _ o ————— _

log considerably of

For n > 1 g? term multiplies B¥ oo O,
bag. For n=1 X=1.

0.02 0.04 0.06 0.08

A m.2 GeV?2
phys L GeV

0.1



Preliminary Error budget for O
BBS BBS /BBd

data/stats 1.2% 1.3% matching

light-quark mass 0.6% 0.6%
dominates -

| | must allow
lattice-spacing  1.1% 0.01% for coeffs

/ varying with
2 4.2% 0.1%

s a*mp.

\ Cancels 1n

!
total 4.6% 14% 0

8%



Current status (plots from FNAL/MILC 1602.03560)
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Current status (plots from FNAL/MILC 1602.03560)
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Conclusion

* HPQCD results for MEs of AB = 2 operators almost
complete. Calculations have sea u,d,s,c and include
physical u/d quark masses. Calculation allows direct
determination of bag parameters, useful because

they have little dependence on mgq, a etc.

* Errors will be similar or better to existing results from
FNAL/MILC. Errors dominated by perturbative matching

uncertainty:.
Future

» Dimension 7 ops. for AI's (Wingate talk, LAT17) -
large matching errors, but existing errors may be halved.



