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Trouble and

technische universitat opportunities _With
dortmund charm predictions
Semileptonic decays ¢ — ull
D — wtt
Ds — K¢
Ne — pll
u
09,10
l
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What is the difference between b — s and ¢ — u penguins?

Light quark masses need to be set to
zero at pw

Effective GIM-mechanism kills C79 10
at pw

(7,9 are induced by RG running to pc
ClO(,uc) =0
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Trouble and
opportunities with

charm predictions

1909.11108

¢ I non-resonant SM
resonant SN

q* [GeV?]

(S CQSM _ Céaf'f + Cgresonant ~ Cgresonant

with resonant contributions from D — 7M and M — ¢¢

(M =1, P, W, ¢7 7]/)

= C1SOM =0

— unique feature in charm physics! (angular analysis)
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SM effects are induced by four-quark operators, that also dominate pure
hadronic decays ¢ — u such as D — nw, D — KK }

c u
Ofg ~1
Aq
TCCD <1l 7
<1
q q

Tree and loop contributions exist.
Long range QCD effects exist/dominate.
The charm quark is neither really heavy nor light.

Naive factorization not trustworthy.

v
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Trouble and
technische universitat opportunities with

dortmund charm predictions

Quick example:

Naive estimation of AAcp = Acp(D® — KTK~) — Acp(D° — 7t 77)
yields

| Vcb |

AAcp ~
CcP | Ve udl

—‘~2.7-1o—4.0.1~1.4-1o—4

One order away from the experimental value.

Discussed in the literature:

1111.4987, 1203.6659, 1706.07780, 1903.10490, 1903.10952, 1909.11242
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-tLj technische universitat CP-violation in
dortmund charm

— 2
o ] - 2y_ 1 (dr _ dF ; _ (9max dl 442
CP-assymmetry in ¢ — ull given by Acp(g°) = = (EZ EZ) with T qunin qu
Strong phase from resonances needed — measurement around the ¢ resonance, or in the high q2 region.
NP weak phase needed. — benchmark Cg = 0.1 exp(iw/4).

Binning necessary.
See also : Fajfer, Kosnik 1208.0759, 1510.00965; de Boer, Hiller 1510.00311

00 102 L4 L6 108
¢ [GeV?]
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hJ technische universitat CP-violation in
dortmund charm

_ 2
g ] - 2y_ 1 (dr _ dF : _ (9max dl 442
CP-assymmetry in ¢ — ull given by Acp(g°) = = <EZ EZ) with T qunin qu
Strong phase from resonances needed — measurement around the ¢ resonance, or in the high q2 region.
NP weak phase needed. — benchmark Cg = 0.1 exp(iw/4).

Binning necessary.
See also : Fajfer, Kosnik 1208.0759, 1510.00965; de Boer, Hiller 1510.00311

+ Compatible with previous LHCb results and the WA
+ Combination with LHCb Run 1 gives:

|CP violation observed a
-1.0

100 Loz 1oi 106 108
¢ [GeV?]

Moriond 2019 offered interesting results including the discovery of charm CP violation by the LHCb coll.!
Talk by Frederico Betti, Phys.Rev.Lett. 122 (2019) no.21, 211803

AAcp = Acp(D® — KTK™) — Acp(D® — 7tr~) = (—15.4 £ 2.9) x 10~*
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hJ technische universitat CP-violation in
dortmund charm

_ 2
. : . 2y _ 1 dr _ dr ; _ (9max dl 442
CP-assymmetry in ¢ — ull given by Acp(g°) = = <EZ EZ) with T qunin qu
Strong phase from resonances needed — measurement around the ¢ resonance, or in the high q2 region.

NP weak phase needed. — benchmark Cg = 0.1 exp(iw/4).

Binning necessary.
See also : Fajfer, Kosnik 1208.0759, 1510.00965; de Boer, Hiller 1510.00311

« Compatible with previous LHCb results and the WA
- Combination with LHCb Run 1 gives:

Acp [GevY

ICP violation observed a

100 102 Lot L6 108
¢ [GeV?)

Moriond 2019 offered interesting results including the discovery of charm CP violation by the LHCb coll.!
Talk by Frederico Betti, Phys.Rev.Lett. 122 (2019) no.21, 211803
AAcp = Acp(D® — KTK™) — Acp(D® — 7tr~) = (—15.4 £ 2.9) x 10~*

Any links??
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c_ gue__u
Lz D (g i e Z), + gg° iry"crZ;, +h.c.)
z + gf diy"d Z), + gf dry"dr Z,
+ & 5512, + gk SRR Z,,
(gt + gl liV"Z) + gR IRV IR Z),,

with £ = e, pu, 7 and ng’; and ngR given by U(1)'-gauge coupling g4
times the associated charge F,.

gﬁ,ﬁ = 84 Fej )
gL ~ ga Ackm AFL
gr° = gasinf, cosb, eRAFR,

AF, = Fo, — Fo,, AFg = F,, — F, and AFg = AFg sinf, cos 0,
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D — D mixing in Z’ models

T 14
Cc guc guc u 31 12
>w\/ww< 10<:9
— , — .
u Z c &1 8 55
<
¢ 2
%
4
;Q!’_.,‘-—_.__
0 02 04 06 08 10 12
g1/ Mz(TeV1)
uc\2 uc\2 uc _uc -7 Mz 2
(1) + (g8°)* — X g/ gf°| S6-10 :
TeV
with X ~ 20 for Mz in the TeV range (1909.11108)
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dortmund hadronic decays

3.0 10!

. 4
T 20 _ i |
= =~
=) 15 Eﬁi ______
§ ' S ==
S 10 £ :

1024 // —model 2 54, model 10 85"

0.5 T EEE— model 985 — — model 10 8}

/ model 9 514 model 10 8%,
103 . . .
00 02 04 06 08 10 12 14 0.0 0.5 1.0 1.5 2.0
AFp-10° [AARE] - 10°

If AAcp is NP, a huge effect is necessary.
Strong correlation between CP—asymmetries in ¢ — uff and AAcp.

NP inc— ull < NP in AAcp
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Patterns in
hadronic decays
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£
o
—
T
i
U-spin limit
\% model 2
% % -1 model 5
< model 9
-2 model 10(y)
AAELAY
-3 | a—
-2 —0.25  0.00 0.25

0
ARE(rtr) - 108

Acp(rtr) - 108

U-spin breaking beyond 30% possible and clear NP signal.
Z' models explicitly break U-spin.
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x10~* Data OLHCb  OBelle Il
AAcp —15.4 4 2.9tHCP 1.3(0.3) -
AAREHAY —16.4 4+ 2.8HFLAV  1.3(0.3) -
Acp(D° — K+K—) —9 + 11HFLAV 3(0.7) 3
ACP(DO — ) —1 + 14HFLAV 3(0.7) 5
Acp(D° — 7T07r0) —3 + 64HFLAV - 9
Acp(Dt — mt79) 4290 + 290 4 30¢-EC - 17
Belle Il sensitivities with 50ab™*.
AR (mFm0)  ~ (1-2) - AAYE,
Z'possibilities = /3%';((7503;0) <$2-AARE, = lIsospin tests

ACP(W+7T0) is a good null tests! 12043557
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Charm unique up-type candidate to do flavor physics

Belle Il can help to disentangle NP nature of AAcp measurement

CP tests in charm
Null tests provide clean playground to find NP

Correlations are helpful

Z' models suitable minimal candidate to explore AAcp vs.
CP-asymmetries in ¢ — ubl
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Charm unique up-type candidate to do flavor physics

Belle Il can help to disentangle NP nature of AAcp measurement

CP tests in charm
Null tests provide clean playground to find NP

Correlations are helpful

Z' models suitable minimal candidate to explore AAcp vs.
CP-asymmetries in ¢ — ubl

Take home message:

Hadronic uncertainties can also be overcome with null tests, correlations
and data!
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4GF Qe |: 7 A/
Heg D ———— Z (C,’O,‘ + C,-O,-) + Z C,'O,'] ,
\/§ 4 i=7,9,10,S,P i=T,T5

m
07 = ?C(ELUMVCR)ija

= (@LyucL) ("),
= (@ryuct)((y"st)
Os = (tcr)(¢Y),
Op = (drcr)(fyst)
Or = %(uo—wc)(eaw)
O7s = %(uaﬂyc)(ﬁa“"%f)
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Extend the SM gauge group by an additional U(1)

Choose non-universal charges using restrictions from anomaly
cancellation conditions

Assume the U(1) symmetry to be (spontaneously) broken at a high
NP scale = massive Z’

Rotations from gauge to mass basis along with non-universal
charges give rise to off-diagonal quark couplings.

Constraints from
D — D mixing
Kaons = avoid FCNC's in down-type sector

Direct searches

v
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10!
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= S
B F
SR SRR -
] Lio- E -
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ok

qmaXdB D—>P,u ,u )

min

2

d 2

min

dqg?

9nax dB(D — Pete~
P

Same cuts for electrons and muons necessary.

q

RP SM |Co| = 0.5 | [Cio| =0.5 | |Go| = +|Cio| = 0.5
full > || 1.00+ O(%) | SM-like SM-Tike SM-Tike

low > || 0.95+O(%) | ©(100) O(100) O(100)

high ¢ || 1.00 + O(%)

Ry SM |Go| = 0.5 | |Cio| =0.5 | |Go| = £|Cio| = 0.5
full > || 1.00 £ O(%) | SM-like SM-Tike SM-Tike

low g2 || 0.94+ O(%)

high ¢ || 1.00 + O(%)
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model Fo. Fu, Fa; Fi, Fe, Fy,
2 |3 3 6| -8 4 4|-10 10 o0 -6 5 1| 0 O 0] 0 0 O
4 |1 -1 2/-1 2 -1/ 0 0O O -1 1 0] -2 2 0|2 -1 3
5 (-1 -1 2y-1 2 -1 2 -1 -1} -1 1 o0-1 1 0] 0 0 O
9 0 O Of-11 -2 13, 7 7 -14| -8 3 5| 6 16 -10, 0 0 O
10 0 0 0|-13 6 7| -1 -14 15 |-15 15 0]-14 18 410 0 O
104 0 0 0|-13 6 7| -1 -14 15|-15 0 15|-14 -4 18, 0 0 O
. sol. #5
. sol. #4
. ol #3
. ol #1
ol #8
ol #2
B sol. #6
B sol. #3
sol. #8'

6
My [TeV]
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