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② 1501.00314, Paulo Gambino ( B-→ Xcl-J)

③ 2007.04191, Huber
,
Hur -1h
,
Jenkins , lunghi , 0in , Vos

( B- → ✗sett)
1
.

What is inclusive ?

Exclusive - all f- state particles detected .
eg . → f- It , d- e- → T1-1TI -✓

Inclusive - some tall ) particles unmeasured

e.g. d- e- →✗ , ✗ 7 tipi, TITTY, - - .

B- → Xstt
, Xs 7 K -. K -It, k*

2. Why inclusive ?
(1) Complementary to exclusive

• different theo
. frameworks} ⇒ strong cross check

• different exp . measurer-1s

of . Vub & Vcb
•g. B anomalies Psi

,
Rk*
,

B →✗steallifetime

ICB) = I/ TCB) = I/ FIB→X)



3. How to measure inclusive ?
(1) Quasi- inclusive .

sum of exclusive
call)

(2) Really inclusive

• leave "X " unmeasured

• fully reconstruct the tag side .

← ¥¥±e .
BY"

"

→Do ~ 5×153
It -11
a- Hks ~ 3% } to-4

A ~7o%It
F-

* Inclusive measurements more difficult.

Belle I ~ to
"
B mesons

4
.
How to calculate inclusive ?

4iHeayquarkefectinetheory_
13 meson = b quark + " mud " lqaark +gluon)

run

softPB=MBV Pb=M_b0-1k
to NKQCD

Integrating out the constant big P, only Aaa> left.



Define Qvlxl = eiMÑ✗Qi×,
mum

how = 1¥ Qvlx) = either"1¥@ ix,
I☒+m

How = ¥Quit = @ imÑ× ¥Qi×,
I> -m

day = e-
""•"✗ ( how + Huh) . ✗how = holy

✗Huh = - Huh,

Expand the L by The
• Leading power
1-- a- lip - ma ) @ =/ II. +☒ ei""" Cid-ma).e-imÑ✗chv+
= hi i # her + . . .

= I hiyiifh. + £Ñi¢Yho
I = his iv. ☐ his + - .

. mass ? HQ flavor symmetry
spin ? Ha spin symmetry

• Sub leading power
I = hi iv.☐ ha - HT ( iv-D -12mn) Hv

+ Twitter + tviifhr
⇒ I iv. D -12mA) Hr = iD±h]



⇒ I = To iv.Dhv - Eme hi☒☒ his + . . .

an

✗act ①Ater

$# =/ £4m .ru} + I [ tanks)DIDI
= DE + ¥0m G"

⇒ I -- hi iv.Dhv - hi ?÷hv -SsÑFEto
↳
spin-dependent

* keep in mind : in HQET, whoop are left .
all physical quantities epande.cl#G ) "

.

4.2 Operator Product Expansion .

Gizlx, 0; It , - . - In ) = (-1/0,1×10,10) looks . - put
-~
interaction external states
vertices

.

If ✗ is small ,

1- { ① '" Own} → I C.it#Onhdfj
> dimension

T -7
Wilson coefficients

.

local operation basis

⇒ Guix, 0; k; - -, Yn ) = In Cii
'
ix) < T{ 0%01/941 . .

- fan}>
* 0%01 have global symmetries of IT . - -}
* C.int universal to different processes

.

( simple)



• A familiar example - beta decay .

T{ £ U7H 8MR dad WµW ④ g£ e-(018%010)WU10)}
When ✗ is small ,

-

guess
I aol.HR day éco)TµR V10)

+ a terms .

Use dcpd) → ucpu ) + eyes + Depot

SD4X sue 0/ 1-{ . . - } / d>
= -¥ ñcpal MR Utpal £I÷mg Ñcpe ) HR v42)

I = Pd -Pu

iiamñ ⇒¥, = -¥11 -11£ -1 . . - I
run

① leading power Do = ÑLO) fMRdw) e-to)fµP< UH
↳ = ;[-ñ six, =i4{÷s%,

② subheading 0, = ñcol ftp. ( I- E) 'diole-colrnRUGC.my
"BÉ¥É µw=4É÷vcb Er"Rbér"" "bFFÉ④✗c



kxeil Hw/ B- i s"[PñfEÉEHk]d&%E÷dtu=¥¥ ⇒in⇒
4

&S{ÉÉE×
=

s
<GI /Vast Wap Los
> I

hadironic piece leptonic piece

UP = Tripe PR MR ]

Wdp = I KH38"cpps-f-tk-mp.EE/JIIXo)LXa/JfIB-7Xc
-

Optical theorem

& / £70T a 1m (B- oEo$)
Tap = - ifdx e- i£✗ <ñlTH÷£¥?B

]? = c- ME b

⇒ - ¥1m Top = ¥p•-fé%E¥mum

→ + I 4438""CPB + f-Px) <Él%I✗[bbm%bJEÑB-+ette →✗Ebb Xébb



Next task : OPE for 1- [51×1×1] <plot]
* basis of local operators
☒ perturt.ie/y calculate the Wcs

b- 1×1 taken) C-to)fpR bio)
b- bad ? b- 2" b ? → hI2"hu

↳~m, ↳Naacp

4.3.1 Operator match
-

top -= - ifdhe-if-XTDLxicp.io]= ?
Consider

<blmbv -1kt / t.gs/bcmbv+kl)lk~Aaas)
¥ for¥.1-ñraRlm☒-&t④ YT7B(mbV-f+⑨)?mE+it --

✗ Vp Ru

at Leadingpowerlk-solhlblt.gs/b7--#-m.+ie-u-talk TBPLU . lmbv- f)
✗

500

=-D
. ñI9a%p④-9×p④ - ic-ap.iq

✗PLU (mov-81" single 8's

②he single operator
|b_M = hit"Rho -1 - -

- ?
✗ (mbv-f.lt

Wilson coefficient → £ (gan9µp+9xp9µx - ftp.fmx-ic-apxm)



(2) subheading power.
Ki

gi
. LP + →kY;r→ . LP

> I. ñ(④In +④Is -9ns④E- iEpiy④IIRu
ñ take Ru → b- th ( ite -move )Rb

HEE
> TokiDekker + - .

.

→ EE1E I "¥rat¥
=Vpt¥

(3) Sub sub leading
3 sources {

A terms

to terms
b-sbg match

ho
, Dµ .

* µ terms .

→ b- 8h ( ID-mov)"(ID -mbv} ' b

→ other ID"i☐ "her + .
. . a "b"=£(a✗bB
- +aPb✗

Other sources
.

ñgG&P[m[- her , his G"" rirshv .
. . .



A short summary . * leading b- r b f hir,\hu)
* sub leading , one additional iDµ

Chaos /Mb)
* sub sub leading , two iDµ , iDo
* beyond this .

3 ID 's
.

b-off f-Ebr

":::;;::"::;!÷"
< B-cos / b- Krs b/ Bit 7=0
4501 / b- rib/ B-as> = ?

The b- number charge Ñb=fd% b- 8° box)

( B- 47) / Éb / B-pal > = < B-47) / B-42 )> = ZEBRA > 8%1%-11

=fd%CB-cpilbtbixIB-cpp-fdsje-icpi-PT-ICB-cp.tlb- to bid/154¥
⇒ ( B- to) / b- to blot / B- IN>= ZMBV'

⇒ <B- to) / b- rib / B- IN> = ZMBJR

(2) Subheading power (HQET) g-
to be determined

.

< BT01 / his idaho / B-(D) = ✗↳
Ex < B- as / h-oir.DE/B-asy-- ✗



Recall 4¥, hi iv. ☐hot -
. .

¥-4 ih= + power corrections.

⇒ ✗ = 0 + power corrections .

(3) Sub sub leading power CHQET)

Define {
2N = - < B- / To Diho / 15 >

-12×2 -_ < B- / higgs bolts>
↳ determined by B. B* mass difference

eg. < B- in / h-oideiiikshoIB-ND-YLG.ve -Viva )
.

iv. Pho --0
giz
⇒ { B-w/ Islip)

-holism > = 3T
⇒ 4=+3×1

Up to now ,
all Wcs and MES have been obtained

(doing )
- Final result

→ Leading power

adqI-ay-a.GE/Vab/2mb5 1214-849+8^2- p-y)
{
4- Is

= dT-b-scf-u-jf-II-zdf.at
Ms >> have>free b. p=m¥



* Including power connections

t-%1E-slvafT.lt#g+Im;-upd-ap-sDfcp,
we

f-cp = 1- 8p-18ps -P
"
-kp%p.


