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Testing the Standard Model

e Flavor observables (e.g.: AMy, AMj) put strong constrains on the Standard Model
e Unitarity triangle by CKMfitter, UTfit:

= .F T 7
N UTﬁt 5 /
[ summer22
0.7 - T . . T - L Amd
3 v Amy& Amg ( 3 B o
05 B2) g G Snozi L Amy
@ 3 0.8 "/
05 5 = L
5 solwicos2p<0 r /
K aneLros -
04 3 = X __
1= 3 = 3 E 4—;{
03 g - 1 ~%7 / B
o ERLT L \a\
0.2 — E
| = T A\
Y 3 02p= vub \
0.1 \o] r Yup \ \
2 B g r / _Y!:,lz s \
00 S B . I R .
0.4 0.2 0.0 0.2 04 06 0.8 1.0 -0.2 0 0.2 04 0.6 08 1 12
° P

1/22 Josua Scholze | Width difference and semileptonic asymmetry in B mesons


http://ckmfitter.in2p3.fr
https://doi.org/10.48550/arXiv.2212.03894
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Mixing of neutral B mesons

e flavor eigenstates of B mesons defined by quark content: B; = (s, b), Bs = (s, b)

e weak interaction allows mixing:
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Josua Scholze | Width difference and semileptonic asymmetry in B mesons


https://publikationen.bibliothek.kit.edu/1000146636

Mixing of neutral B mesons

e time evolution: idq”ggt) :I:Iw(t), P(t) = <;B(t)>> with

. . T M, —itn My, — il
H=M-i- = 2 2
.T .T

2 M21 — lfz21 M22 —i=2

e without mixing H would be diagonal

e Hermiticity and CPT invariance requires:
My = M7y, To1 =17y, Mi1 =My, I'11=T2»
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Mixing of neutral B mesons
o time evolution: %48 — Hy(r), ¥(t) = GB“»>vwm

H=M—i- =

A .T .T
. T (Mu — it My — 1212>
* 17y i1
M12 — IT M11 —1 D)

o diagonalization H gives mass eigenstates: |By) = p |B) + q|B),|B.) = p|B) — q|B)
e Mjy: off-shell contribution from: u,c,t, W
e ['19: on-shell contribution from: u, c
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Physical observables

¢ Three independent observables: (in B system: ['19| < [M2])

— Mass difference: AM = My — M, ~ 2|M;,|
— Width difference:
r
AT =T, — Ty = —Re (”) AM
M,

— semileptonic asymmetry:

' ) U (B(t) — yX) — I (B(t) — l7X)
ag =Im| —= |, experimentally: — - —
Mo I (B(t) — IyX) + ' (B(t) — 17X)

e Up to now measured: AMg, AMy, Al
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Obtaining I'1

e general procedure:

Standard Model AB =1 theory AB = 2 theory
w Q12
b
u/c u/e
w
5§ ——ANANNS——
Q2 [Gerlach]

e Heavy Quark Expansion in A/m; ~ 0.05

e decomposition of I'15:

Iy = — [A2T

A
——ﬁ[§3+2“
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https://publikationen.bibliothek.kit.edu/1000146636

Obtaining I'1
e decomposition of I'1s:

A \2
F12=—Af[ ’icz+271: (I —T13) + 15 (I — 213 +T53)
t

e in terms of Wilson coefficients C; and AB = 2 matrix elements:

1y o< > Ci (B[H}=2(B)

1

e forag =Im (22 ): oesn’t contribute = depends on m,
f im (}2 ): T doesn't contribute = depend
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Why do we calculate the ratio 'y, /M;5?
e decomposition of I'1s:

A A2
T12=—A?[ i+ 2/\: (I —T13) + 15 (I — 213 +T53)
t

e interms of AB = 1 Wilson coefficients C; and AB = 2 matrix elements:

1y o< > Ci (B[H}=2(B)
i

e factor )\tz appears also in M1g: cancels in the ratio I'19 /M

e M, contains just one factor <B\HiAB:2|E> = cancellation with I'15 possible
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Comparison with measurement

Theory predictions by Experimental values by HFLAV
Gerlach et al. [2205.07907] [2206.07501]

= (0.076 = 0.017) ps = (0.083 £ 0.005) ps*
S|_(219i014)><105 = (—60+280) x 10°
AFd = (2.16 £0.47) x 10 3 ps~ ! AFd =(0.7+£6.6) x 10 3ps~!
ad = (—5.04+0.33) x 10~* =(-21+17)x 107*

e | confirmed the theory uncertainties with MC simulations
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https://doi.org/10.48550/arXiv.2205.07907

Renormalization scale dependence

e (17 scale dependence shrinks by including higher orders
e Potential Subtracted (PS) and MS scheme behave better than the pole scheme

8 x10-3

~

o

@

AT, /AM, with fixed 1/m,

-

3
th =ty = e [GeV]

Gerlach et al. [2205.07907]
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https://doi.org/10.48550/arXiv.2205.07907

Summary

Implemented AI" and ag for different mass schemes in HEPfit

Reevaluated the uncertainties for AI'y and ag with MC simulations

Next step: get constraints for the Standard Model with a complete UT analysis

Future: extension to New Physics models possible
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Thank you.
Any questions?
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General sources

o "Effective Theories for Quark Flavour Physics” by Silvestrini

e "Meson width differences and asymmetries”, thesis by Gerlach
e "CP violation in the B? system” by Artuso et al.

e "Gauge Theory of Weak Decays” by Buras

e "HEPfit Manual” by de Blas et al.
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https://arxiv.org/pdf/1905.00798.pdf
https://publikationen.bibliothek.kit.edu/1000146636
https://arxiv.org/pdf/1511.09466.pdf
https://doi.org/10.1017/9781139524100
https://arxiv.org/pdf/1910.14012.pdf

AB = 1 Effective Hamiltonian

HRP=' = \G/FE{ |:<V:qud (C1Q1 + C202) + Vi Vea (€107 + C2Q3) + (¢ u)>

6
—ViyVea (Z CiQ:i + CSGQSG> } + h.c.

+ |d—s
i=3

o operator in traditional basis [hep-ph/9211304], [hep-ph/0308029]:

Q1 = (bicj)v—a(Wdi)v-a, Q2 = (bici)v—a(td)v—

Q5 = (b)) v—a(Gdi)v—a Q5 = (bici)v—a(Gdj)v—

Q3 = (Bidi)V—A Z(t_liqi)V—A , Qs = (Bidj)V—A Z(qjqi)V—A ,
q q

Qs = (Bidi)VfA z:((fquj)vquA7 Jv— AZ (Giqi)v+a,
q q

Qsc = 8%‘;2 mbl_),a (l — 5) t,f}defw
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https://arxiv.org/pdf/hep-ph/0308029.pdf

AB = 1 Effective Hamiltonian

_ G * * c c
HRP=' = F{ |:<Vcbvud (C101 + C202) + Vi Vea (C1Q7 + C2Q3) + (¢ < U))

V2
6
—ViyVia (Z CiQ;i + Cchsc> } + h.c.

+ |d—s

i=3

e to diminish problems with ~s:

alternative basis by Chetyrkin, Misiak and Miinz [hep-ph/9711280]
known up to NNLO and transformation to traditional basis up to NLO
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http://arxiv.org/abs/hep-ph/9711280

Matching procedure

e matching of Standard Model (SM) to Weak Effective Theory (WET):
get AB = 1 Wilson coefficients C;(p0 =~ my)

¢ use Renormalization Group Equation (RGE): u%é(u) = 7C(p)
e matching to AB = 2 Hamiltonian at:

e RGE to obtain scale 9 of the AB = 2 operator matrix elements
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Operator basis for AB = 2

e Result: Ty = ot [H(z)(BIQ|B) + Hs(z) (B|Qs|B) + Hs(2)(B[0s/B)| + 'y/m,

e with dimension 6 operators:
Q=s5s"(1- )blsﬂu(l_'Y)bj
Qs =5 (L+7°)bi 5 (1 +~°)b;
Qs =5 (1+7°)b; 5 (1+°) by

1 ~ A
Ro:2a1Q+Qs+aQQs:(9<m>7at|-0inas50‘1:0‘2:1
b

o coefficients: H; = H;(Cj(p0, 1), f11, [12)
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Operator basis for AB = 2

62 2 _ _ ~ ~
* Result: T'p = i |H(z)(BIQ|B) + Hs(z}BiGsTB] + Hs(2) (BIQsB)| + T1/m,
e with dimension 6 operators:
Q =57" (1= 7°) bi 577, (1 = °) by
Qs = Ei (1 + ’75) bi Ej (1 + ’Ys)bj
Qs =5 (1+7°)b; 5 (1+7°) by

1 ~ A
Ro:2a1Q+Qs+aQQs=(’)<m>7at|-0i”0‘s50‘1:0‘2:1
b

e old choice: use Q and Qg [hep-ph/9808385], implemented from [hep-ph/0308029]
e better alternative: use Q and Qg [hep-ph/0612167] to cancel (B|Q|B) in AT /AM
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http://arxiv.org/abs/hep-ph/9808385
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https://arxiv.org/pdf/hep-ph/0612167.pdf

Switch to the Rl scheme for AB = 2 operators

e renormalization prescription for the Rl scheme [hep-ph/9501265]:
<F’Qi‘1>>\ = <F|Qi|1>tree

e ensures to all orders: (B|Ro|B) = O (A>

my

e conversion only known to NLO [hep-lat/0110091]:

(Q(u)) (Q(w)) —42 4+ 72log 2 0 0
(Qs(p)) = 1+r123% } (Qs(w)) | 123 = 5 0 61+ 44log?2 —7+ 28log2

(Qs(p)) - (Qs(p)) 0 —25+28log2 —29 + 44log?2
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 https://doi.org/10.48550/arXiv.hep-ph/9501265
https://arxiv.org/pdf/hep-lat/0110091.pdf

1/m,, corrections

e Beside R, the operators
— Ri = 1250 (1+75)bass(1—s)bg
— R= 50 D7 (1~ 95)D%ba s57,(1 — 75)bs
— Ry=% Sa D (1 +75)D?ba s5(1+ 75)bs
and R; (with interchanged colour indices a, 3) occur
e known to LO in « and parameterized by [hep-ph/0612167]:

~ G2m?2 3 ~
b My b ~ab
I 1 /m, = 247 Mp, 9o (Bs|Ro|Bs) + ?1: [ (Bs| Rj |Bs) + gj” (Bs| R; \Bﬂ
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Resummation of logarithms

¢ dominant z-dependent contribution at order af from afzIn" z
e change renormalisation scheme [hep-ph/0307344]:

QSM
3
3|

2 (my)

3
E
3
3
NN

e important for semileptonic asymmetry (of order z)
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https://arxiv.org/pdf/hep-ph/0307344.pdf

Different mass renormalization schemes

o T% = 55 [H*(2) (BIOIB) + HE(2) (BI0s[B) | + O(hoeo/my)

e H® = Hy + osH; + a2H, were calculated in pole mass scheme

e for numerical evaluation: switch scheme of the prefactor m% to MS or PS
general scheme transformation: my = mj, (1. + axAmj + o2 Am?)

adapt the expansion of H? to:

H = Hy + a5 [H1 + 2AmyHo| + o [Hz +2 (Amp) Hy + <2Amb + (Amg) ) HO}
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