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Matrice di Cabibbo-Kobayashi-Maskawa (CKM)

• Origina dalle interazioni di Yukawa dei quark nel Modello Standard

• Matrice unitaria contenente 3 parametri reali e 1 fase complessa
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CKM
f i t t e r

Angolo Gamma del Triangolo Unitario

• Unitarietà rappresentata come Triangolo Unitario nel piano complesso 

• Gamma (𝛾) unico angolo determinato in misure dirette (no quark top, processi a livello “albero”)

• Confrontato con misure indirette (quark top in β e Δmd&Δms, processi di ordine superiore)

Michele Veronesi - IFAE 2019

dm∆ Kε
sm∆ & dm∆

βsin 2
(excl. at CL > 0.95)

 < 0βsol. w/ cos 2
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Misure dirette Misure indirette

� = arg


�VcdV ⇤

cb

VtdV ⇤
tb

�
' � arg(Vtd)
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𝛾 = (72.1+5.4-5.7)° 𝛾 = (65.64+1.0-3.4)°



Misure dirette

Interferenza fra due ampiezze di transizione con differenza di fase forte (𝜹) e debole (𝛾)
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Integrate nel tempo Dipendenti dal tempovs

B+

D0K+

D0K+

[ f ]DK+
B0

s D−
s K+

B0
s

• Tasso di decadimento totale con D0 e 
anti-D0 nello stesso stato finale f

�(B± ! DK±) / 1 + r2B + 2rB cos(�B ± �)
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• Tasso di decadimento differenziale con 
oscillazione e decadimento diretto

rBe
(i�B+�)

<latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit><latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit><latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit><latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit>

rBe
(i�B+�)

<latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit><latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit><latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit><latexit sha1_base64="regIncUyZHJJ8Hv/a3/hCU/fcv8=">AAACInicbVDLSgMxFM34rPVVdSVuBotQEcqMCLqUunFZwT6grcOdzG0bTGaGJCOWofgzutX/cCeuBL/CLzBtZ2FbDwQO59ybnBw/5kxpx/myFhaXlldWc2v59Y3Nre3Czm5dRYmkWKMRj2TTB4WchVjTTHNsxhJB+Bwb/v3VyG88oFQsCm/1IMaOgF7IuoyCNpJX2JdeBe/SEmsHyDV4lZN2D4SA46FXKDplZwx7nrgZKZIMVa/w0w4imggMNeWgVMt1Yt1JQWpGOQ7z7URhDPQeetgyNASBqpOOvzC0j4wS2N1ImhNqe6z+3UhBKDUQvpkUoPtq1huJ/3mtRHcvOikL40RjSCcPdRNu68ge9WEHTCLVfGAIUMlMVpv2QQLVprWpm4IHFqss9eMkdt6U5M5WMk/qp2XXKbs3Z8XLSlZXjhyQQ1IiLjknl+SaVEmNUPJEXsgrebOerXfrw/qcjC5Y2c4emYL1/Qt2GKR+</latexit>
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d�

dt
(B0

s (B
0
s) ! D�

s K
+) / cosh

✓
��s

2

◆
+A��

f sinh

✓
��s

2

◆

±Cf cos(�mst)⌥ Sf sin(�mst)
<latexit sha1_base64="0WkU5fhQR56TEpJs1y1MjDsa8fk="></latexit><latexit sha1_base64="0WkU5fhQR56TEpJs1y1MjDsa8fk="></latexit><latexit sha1_base64="0WkU5fhQR56TEpJs1y1MjDsa8fk="></latexit><latexit sha1_base64="0WkU5fhQR56TEpJs1y1MjDsa8fk="></latexit>

A1/A2 = rBe
i(�B±�)

<latexit sha1_base64="VbetWB8XZx/KcXwlOTyO4/WZugE=">AAACD3icbVA9SwNBEN3z2/h1ammzGJTYxLsgaCOY2FhGMCrk4jG3mcQlu3fH7p4QjvwDG/+KjYUitrZ2/hs3MYVGHww83pthZl6UCq6N5306U9Mzs3PzC4uFpeWV1TV3feNSJ5li2GCJSNR1BBoFj7FhuBF4nSoEGQm8inqnQ//qDpXmSXxh+im2JHRj3uEMjJVCd7ca+vvVsEKPqQprFG9yXgraKAyEtSCVQRekhL1B6Ba9sjcC/Uv8MSmSMeqh+xG0E5ZJjA0ToHXT91LTykEZzgQOCkGmMQXWgy42LY1Bom7lo38GdMcqbdpJlK3Y0JH6cyIHqXVfRrZTgrnVk95Q/M9rZqZz1Mp5nGYGY/a9qJMJahI6DIe2uUJmRN8SYIrbWym7BQXM2AgLNgR/8uW/5LJS9r2yf35QPKmN41ggW2SblIhPDskJOSN10iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C+14mr0=</latexit><latexit sha1_base64="VbetWB8XZx/KcXwlOTyO4/WZugE=">AAACD3icbVA9SwNBEN3z2/h1ammzGJTYxLsgaCOY2FhGMCrk4jG3mcQlu3fH7p4QjvwDG/+KjYUitrZ2/hs3MYVGHww83pthZl6UCq6N5306U9Mzs3PzC4uFpeWV1TV3feNSJ5li2GCJSNR1BBoFj7FhuBF4nSoEGQm8inqnQ//qDpXmSXxh+im2JHRj3uEMjJVCd7ca+vvVsEKPqQprFG9yXgraKAyEtSCVQRekhL1B6Ba9sjcC/Uv8MSmSMeqh+xG0E5ZJjA0ToHXT91LTykEZzgQOCkGmMQXWgy42LY1Bom7lo38GdMcqbdpJlK3Y0JH6cyIHqXVfRrZTgrnVk95Q/M9rZqZz1Mp5nGYGY/a9qJMJahI6DIe2uUJmRN8SYIrbWym7BQXM2AgLNgR/8uW/5LJS9r2yf35QPKmN41ggW2SblIhPDskJOSN10iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C+14mr0=</latexit><latexit sha1_base64="VbetWB8XZx/KcXwlOTyO4/WZugE=">AAACD3icbVA9SwNBEN3z2/h1ammzGJTYxLsgaCOY2FhGMCrk4jG3mcQlu3fH7p4QjvwDG/+KjYUitrZ2/hs3MYVGHww83pthZl6UCq6N5306U9Mzs3PzC4uFpeWV1TV3feNSJ5li2GCJSNR1BBoFj7FhuBF4nSoEGQm8inqnQ//qDpXmSXxh+im2JHRj3uEMjJVCd7ca+vvVsEKPqQprFG9yXgraKAyEtSCVQRekhL1B6Ba9sjcC/Uv8MSmSMeqh+xG0E5ZJjA0ToHXT91LTykEZzgQOCkGmMQXWgy42LY1Bom7lo38GdMcqbdpJlK3Y0JH6cyIHqXVfRrZTgrnVk95Q/M9rZqZz1Mp5nGYGY/a9qJMJahI6DIe2uUJmRN8SYIrbWym7BQXM2AgLNgR/8uW/5LJS9r2yf35QPKmN41ggW2SblIhPDskJOSN10iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C+14mr0=</latexit><latexit sha1_base64="VbetWB8XZx/KcXwlOTyO4/WZugE=">AAACD3icbVA9SwNBEN3z2/h1ammzGJTYxLsgaCOY2FhGMCrk4jG3mcQlu3fH7p4QjvwDG/+KjYUitrZ2/hs3MYVGHww83pthZl6UCq6N5306U9Mzs3PzC4uFpeWV1TV3feNSJ5li2GCJSNR1BBoFj7FhuBF4nSoEGQm8inqnQ//qDpXmSXxh+im2JHRj3uEMjJVCd7ca+vvVsEKPqQprFG9yXgraKAyEtSCVQRekhL1B6Ba9sjcC/Uv8MSmSMeqh+xG0E5ZJjA0ToHXT91LTykEZzgQOCkGmMQXWgy42LY1Bom7lo38GdMcqbdpJlK3Y0JH6cyIHqXVfRrZTgrnVk95Q/M9rZqZz1Mp5nGYGY/a9qJMJahI6DIe2uUJmRN8SYIrbWym7BQXM2AgLNgR/8uW/5LJS9r2yf35QPKmN41ggW2SblIhPDskJOSN10iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C+14mr0=</latexit>



Osservabili

Michele Veronesi - IFAE 2019

Integrate nel tempo Dipendenti dal tempovs

• Coefficienti delle equazioni 
di evoluzione temporale

• Asimmetria di carica Af e rapporto 
fra numero di eventi Rf  

Af =
�(B� ! D[! f ]K�)� �(B+ ! D[! f ]K+)

�(B� ! D[! f ]K�) + �(B+ ! D[! f ]K+)
<latexit sha1_base64="dCSPfT6YyR9swlZvTnxlm/W1yxU="></latexit><latexit sha1_base64="dCSPfT6YyR9swlZvTnxlm/W1yxU="></latexit><latexit sha1_base64="dCSPfT6YyR9swlZvTnxlm/W1yxU="></latexit><latexit sha1_base64="dCSPfT6YyR9swlZvTnxlm/W1yxU="></latexit>

Rf =
�(B� ! D[! f ]K�) + �(B+ ! D[! f ]K+)

�(B� ! D[! f ]⇡�) + �(B+ ! D[! f ]⇡+)
<latexit sha1_base64="eHcEy4BcVCERUO7NpG/mxf4sL5g="></latexit><latexit sha1_base64="eHcEy4BcVCERUO7NpG/mxf4sL5g="></latexit><latexit sha1_base64="eHcEy4BcVCERUO7NpG/mxf4sL5g="></latexit><latexit sha1_base64="eHcEy4BcVCERUO7NpG/mxf4sL5g="></latexit>

• Rapporto fra ampiezza soppressa 
(fsop) e favorita (ffav)

Cf =
1� r2DsK

1 + r2DsK

= �Cf̄ ,
<latexit sha1_base64="2ak/7e8yJKjiUf+JQmI+ol17bg4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQtGWmKLopFOtCcFPBPqBTh0yaaUMzD5KMUMJ8iRt/xY0LRQRX+jemD1BbD1w4Oedecu/xYkaFtKwvI7OwuLS8kl3Nra1vbG6Z2zsNESUckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQG1ZHfvCdc0Ci8lcOYdALUC6lPMZJacs3TquuXHZ8jrOwCd9WluE7vSqmyj34e5ULVVY6HuPLT9Bg6Ts4181bRGgPOE3tK8mCKmmt+ON0IJwEJJWZIiLZtxbKjEJcUM5LmnESQGOEB6pG2piEKiOio8XkpPNBKF/oR1xVKOFZ/TygUCDEMPN0ZINkXs95I/M9rJ9I/7ygaxokkIZ585CcMygiOsoJdygmWbKgJwpzqXSHuI52V1ImOQrBnT54njVLRtor2zUm+cjGNIwv2wD44BDY4AxVwBWqgDjB4AE/gBbwaj8az8Wa8T1ozxnRmF/yB8fkNWsqhWw==</latexit><latexit sha1_base64="2ak/7e8yJKjiUf+JQmI+ol17bg4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQtGWmKLopFOtCcFPBPqBTh0yaaUMzD5KMUMJ8iRt/xY0LRQRX+jemD1BbD1w4Oedecu/xYkaFtKwvI7OwuLS8kl3Nra1vbG6Z2zsNESUckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQG1ZHfvCdc0Ci8lcOYdALUC6lPMZJacs3TquuXHZ8jrOwCd9WluE7vSqmyj34e5ULVVY6HuPLT9Bg6Ts4181bRGgPOE3tK8mCKmmt+ON0IJwEJJWZIiLZtxbKjEJcUM5LmnESQGOEB6pG2piEKiOio8XkpPNBKF/oR1xVKOFZ/TygUCDEMPN0ZINkXs95I/M9rJ9I/7ygaxokkIZ585CcMygiOsoJdygmWbKgJwpzqXSHuI52V1ImOQrBnT54njVLRtor2zUm+cjGNIwv2wD44BDY4AxVwBWqgDjB4AE/gBbwaj8az8Wa8T1ozxnRmF/yB8fkNWsqhWw==</latexit><latexit sha1_base64="2ak/7e8yJKjiUf+JQmI+ol17bg4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQtGWmKLopFOtCcFPBPqBTh0yaaUMzD5KMUMJ8iRt/xY0LRQRX+jemD1BbD1w4Oedecu/xYkaFtKwvI7OwuLS8kl3Nra1vbG6Z2zsNESUckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQG1ZHfvCdc0Ci8lcOYdALUC6lPMZJacs3TquuXHZ8jrOwCd9WluE7vSqmyj34e5ULVVY6HuPLT9Bg6Ts4181bRGgPOE3tK8mCKmmt+ON0IJwEJJWZIiLZtxbKjEJcUM5LmnESQGOEB6pG2piEKiOio8XkpPNBKF/oR1xVKOFZ/TygUCDEMPN0ZINkXs95I/M9rJ9I/7ygaxokkIZ585CcMygiOsoJdygmWbKgJwpzqXSHuI52V1ImOQrBnT54njVLRtor2zUm+cjGNIwv2wD44BDY4AxVwBWqgDjB4AE/gBbwaj8az8Wa8T1ozxnRmF/yB8fkNWsqhWw==</latexit><latexit sha1_base64="2ak/7e8yJKjiUf+JQmI+ol17bg4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQtGWmKLopFOtCcFPBPqBTh0yaaUMzD5KMUMJ8iRt/xY0LRQRX+jemD1BbD1w4Oedecu/xYkaFtKwvI7OwuLS8kl3Nra1vbG6Z2zsNESUckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQG1ZHfvCdc0Ci8lcOYdALUC6lPMZJacs3TquuXHZ8jrOwCd9WluE7vSqmyj34e5ULVVY6HuPLT9Bg6Ts4181bRGgPOE3tK8mCKmmt+ON0IJwEJJWZIiLZtxbKjEJcUM5LmnESQGOEB6pG2piEKiOio8XkpPNBKF/oR1xVKOFZ/TygUCDEMPN0ZINkXs95I/M9rJ9I/7ygaxokkIZ585CcMygiOsoJdygmWbKgJwpzqXSHuI52V1ImOQrBnT54njVLRtor2zUm+cjGNIwv2wD44BDY4AxVwBWqgDjB4AE/gBbwaj8az8Wa8T1ozxnRmF/yB8fkNWsqhWw==</latexit>

Sf(f̄) =
2rDsK sin(� ⌥ (� � 2�s))

1 + r2DsK
<latexit sha1_base64="+VKzKQ/gSLYQ3rXmjCVjsXvewKc="></latexit><latexit sha1_base64="+VKzKQ/gSLYQ3rXmjCVjsXvewKc="></latexit><latexit sha1_base64="+VKzKQ/gSLYQ3rXmjCVjsXvewKc="></latexit><latexit sha1_base64="+VKzKQ/gSLYQ3rXmjCVjsXvewKc="></latexit>

Necessaria conoscenza delle asimmetrie di produzione  dei B 
e ricostruzione dei K e π

5/10

R± =
�(B± ! D[! fsop]K±)

�(B± ! D[! ffav]K±)
<latexit sha1_base64="sMv92lF0vw/KnD+RkhA611YpbXE="></latexit><latexit sha1_base64="sMv92lF0vw/KnD+RkhA611YpbXE="></latexit><latexit sha1_base64="sMv92lF0vw/KnD+RkhA611YpbXE="></latexit><latexit sha1_base64="sMv92lF0vw/KnD+RkhA611YpbXE="></latexit>

A��
f(f̄) =

�2rDsK cos(� ⌥ (� � 2�s))

1 + r2DsK
<latexit sha1_base64="+WjfYnOz5mk4GuwG+LwpuhONgiQ="></latexit><latexit sha1_base64="+WjfYnOz5mk4GuwG+LwpuhONgiQ="></latexit><latexit sha1_base64="+WjfYnOz5mk4GuwG+LwpuhONgiQ="></latexit><latexit sha1_base64="+WjfYnOz5mk4GuwG+LwpuhONgiQ="></latexit>



Requisiti sperimentali

Decadimenti puramente adronici: eccellente identificazione di particelle e 
ricostruzione di vertici secondari

Michele Veronesi - IFAE 2019

Integrate nel tempo Dipendenti dal tempovs
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• Risoluzione temporale (oscillazioni dei B0s)

• Identificazione del sapore (B0 o anti B0?)

• Descrizione dell’accettanza temporale 

(efficienza di ricostruzione nel tempo)
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• Risoluzione in massa invariante

• Identificazione di K e π

• Descrizione dei fondi ed efficienze di 
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Interpretazione dei risultati

Rapporto tra ampiezze di decadimento (rB), differenza di fase 
forte (𝜹B) e debole (𝛾) misurabili nei dati

Michele Veronesi - IFAE 2019

Integrate nel tempo Dipendenti dal tempovs

0 50 100 150
]° [γ

0

0.05

0.1

0.15

0.2

D
K

Br +DK→+BGLW/ADS 
 Run 1+DK→+BGGSZ 
 Run 2+DK→+BGGSZ 

LHCb
Preliminary

0 50 100 150
]° [γ

0

50

100

150

200

]° [
D
K

B
δ

+DK→+BGLW/ADS 
 Run 1+DK→+BGGSZ 
 Run 2+DK→+BGGSZ 

LHCb
Preliminary

LH
C

B-C
O

N
F-2018-002

60 80 100 120 140 160
]° [γ

0

0.2

0.4

0.6

0.8K s
Dr LHCb

contours hold 68.3%, 95.5% CL

60 80 100 120 140 160
]° [γ

300

350

400

450]° [
K s

D
δ

LHCb

contours hold 68.3%, 95.5% CL

LH
C

B-PAPER-2017-047
GLW : D0 ! KK,⇡⇡

<latexit sha1_base64="8zYCTC/XStom5ypenq18zE+x4x0=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4kDIjguKqqKBQFxXsAzpjyaSZNjSTGZI7Yhm6deOvuHGhiFv/wJ1/Y/pYaOshgcM595Kc48eCa7DtbyszN7+wuJRdzq2srq1v5De3ajpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX93vnQr98zpXkkb6EfMy8kHckDTgkYqZXHLrAHSC+v64PTizvbhQiXywduzM3BrpvLtfIFu2iPgGeJMyEFNEGllf9y2xFNQiaBCqJ107Fj8FKigFPBBjk30SwmtEc6rGmoJCHTXjpKMsB7RmnjIFLmSsAj9fdGSkKt+6FvJkMCXT3tDcX/vGYCwYmXchknwCQdPxQkApu8w1pwmytGQfQNIVRx81dMu0QRCqa8YQnOdORZUjssOnbRuTkqlM4mdWTRDtpF+8hBx6iErlAFVRFFj+gZvaI368l6sd6tj/FoxprsbKM/sD5/AMvqmHE=</latexit><latexit sha1_base64="8zYCTC/XStom5ypenq18zE+x4x0=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4kDIjguKqqKBQFxXsAzpjyaSZNjSTGZI7Yhm6deOvuHGhiFv/wJ1/Y/pYaOshgcM595Kc48eCa7DtbyszN7+wuJRdzq2srq1v5De3ajpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX93vnQr98zpXkkb6EfMy8kHckDTgkYqZXHLrAHSC+v64PTizvbhQiXywduzM3BrpvLtfIFu2iPgGeJMyEFNEGllf9y2xFNQiaBCqJ107Fj8FKigFPBBjk30SwmtEc6rGmoJCHTXjpKMsB7RmnjIFLmSsAj9fdGSkKt+6FvJkMCXT3tDcX/vGYCwYmXchknwCQdPxQkApu8w1pwmytGQfQNIVRx81dMu0QRCqa8YQnOdORZUjssOnbRuTkqlM4mdWTRDtpF+8hBx6iErlAFVRFFj+gZvaI368l6sd6tj/FoxprsbKM/sD5/AMvqmHE=</latexit><latexit sha1_base64="8zYCTC/XStom5ypenq18zE+x4x0=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4kDIjguKqqKBQFxXsAzpjyaSZNjSTGZI7Yhm6deOvuHGhiFv/wJ1/Y/pYaOshgcM595Kc48eCa7DtbyszN7+wuJRdzq2srq1v5De3ajpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX93vnQr98zpXkkb6EfMy8kHckDTgkYqZXHLrAHSC+v64PTizvbhQiXywduzM3BrpvLtfIFu2iPgGeJMyEFNEGllf9y2xFNQiaBCqJ107Fj8FKigFPBBjk30SwmtEc6rGmoJCHTXjpKMsB7RmnjIFLmSsAj9fdGSkKt+6FvJkMCXT3tDcX/vGYCwYmXchknwCQdPxQkApu8w1pwmytGQfQNIVRx81dMu0QRCqa8YQnOdORZUjssOnbRuTkqlM4mdWTRDtpF+8hBx6iErlAFVRFFj+gZvaI368l6sd6tj/FoxprsbKM/sD5/AMvqmHE=</latexit><latexit sha1_base64="8zYCTC/XStom5ypenq18zE+x4x0=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4kDIjguKqqKBQFxXsAzpjyaSZNjSTGZI7Yhm6deOvuHGhiFv/wJ1/Y/pYaOshgcM595Kc48eCa7DtbyszN7+wuJRdzq2srq1v5De3ajpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX93vnQr98zpXkkb6EfMy8kHckDTgkYqZXHLrAHSC+v64PTizvbhQiXywduzM3BrpvLtfIFu2iPgGeJMyEFNEGllf9y2xFNQiaBCqJ107Fj8FKigFPBBjk30SwmtEc6rGmoJCHTXjpKMsB7RmnjIFLmSsAj9fdGSkKt+6FvJkMCXT3tDcX/vGYCwYmXchknwCQdPxQkApu8w1pwmytGQfQNIVRx81dMu0QRCqa8YQnOdORZUjssOnbRuTkqlM4mdWTRDtpF+8hBx6iErlAFVRFFj+gZvaI368l6sd6tj/FoxprsbKM/sD5/AMvqmHE=</latexit>

ADS : D0 ! K⇡
<latexit sha1_base64="w01YRVdr/YBcooaHOPhFybvbuKg=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8Rc1B8BLRPCC7htnJbDJk9sFMrxjWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9G7m5+YXFpfxyYWV1bX3D3NyqqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOH1L0Z+455JxaPwFgYxcwPSDbnPKQEttc0dB9gDpGeVm+Fp5c5yIMJXTszbZtEqWWPgWWJnpIgyVNvml9OJaBKwEKggSrVsKwY3JRI4FWxYcBLFYkL7pMtamoYkYMpNx/cP8b5WOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPTXsj8T+vlYB/4qY8jBNgIZ0s8hOB9ZejMHCHS0ZBDDQhVHJ9K6Y9IgkFHVlBh2BPvzxL6ocl2yrZ10fF8nkWRx7toj10gGx0jMroElVRDVH0iJ7RK3oznowX4934mLTmjGxmG/2B8fkD8P2VYw==</latexit><latexit sha1_base64="w01YRVdr/YBcooaHOPhFybvbuKg=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8Rc1B8BLRPCC7htnJbDJk9sFMrxjWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9G7m5+YXFpfxyYWV1bX3D3NyqqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOH1L0Z+455JxaPwFgYxcwPSDbnPKQEttc0dB9gDpGeVm+Fp5c5yIMJXTszbZtEqWWPgWWJnpIgyVNvml9OJaBKwEKggSrVsKwY3JRI4FWxYcBLFYkL7pMtamoYkYMpNx/cP8b5WOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPTXsj8T+vlYB/4qY8jBNgIZ0s8hOB9ZejMHCHS0ZBDDQhVHJ9K6Y9IgkFHVlBh2BPvzxL6ocl2yrZ10fF8nkWRx7toj10gGx0jMroElVRDVH0iJ7RK3oznowX4934mLTmjGxmG/2B8fkD8P2VYw==</latexit><latexit sha1_base64="w01YRVdr/YBcooaHOPhFybvbuKg=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8Rc1B8BLRPCC7htnJbDJk9sFMrxjWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9G7m5+YXFpfxyYWV1bX3D3NyqqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOH1L0Z+455JxaPwFgYxcwPSDbnPKQEttc0dB9gDpGeVm+Fp5c5yIMJXTszbZtEqWWPgWWJnpIgyVNvml9OJaBKwEKggSrVsKwY3JRI4FWxYcBLFYkL7pMtamoYkYMpNx/cP8b5WOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPTXsj8T+vlYB/4qY8jBNgIZ0s8hOB9ZejMHCHS0ZBDDQhVHJ9K6Y9IgkFHVlBh2BPvzxL6ocl2yrZ10fF8nkWRx7toj10gGx0jMroElVRDVH0iJ7RK3oznowX4934mLTmjGxmG/2B8fkD8P2VYw==</latexit><latexit sha1_base64="w01YRVdr/YBcooaHOPhFybvbuKg=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8Rc1B8BLRPCC7htnJbDJk9sFMrxjWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9G7m5+YXFpfxyYWV1bX3D3NyqqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOH1L0Z+455JxaPwFgYxcwPSDbnPKQEttc0dB9gDpGeVm+Fp5c5yIMJXTszbZtEqWWPgWWJnpIgyVNvml9OJaBKwEKggSrVsKwY3JRI4FWxYcBLFYkL7pMtamoYkYMpNx/cP8b5WOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPTXsj8T+vlYB/4qY8jBNgIZ0s8hOB9ZejMHCHS0ZBDDQhVHJ9K6Y9IgkFHVlBh2BPvzxL6ocl2yrZ10fF8nkWRx7toj10gGx0jMroElVRDVH0iJ7RK3oznowX4934mLTmjGxmG/2B8fkD8P2VYw==</latexit>

GGSZ : D0 ! K0
SKK,K0

S⇡⇡
<latexit sha1_base64="u/lxOMJVW/GodBUPeBS2yHMZSP4=">AAACE3icbVDLSgMxFM34rPU16tJNsAgiUmZEUFwVFSp0U6l9YKctmTRtQzMPkjtiGfoPbvwVNy4UcevGnX9j2s5CWw8JHM65l+QcNxRcgWV9G3PzC4tLy6mV9Ora+samubVdUUEkKSvTQASy5hLFBPdZGTgIVgslI54rWNXtX4786j2Tigf+LQxC1vBI1+cdTgloqWUeOsAeIM7nS3fDc3zVtBwIcKFptUq4UDhKmBNyfVpmxspaY+BZYickgxIUW+aX0w5o5DEfqCBK1W0rhEZMJHAq2DDtRIqFhPZJl9U19YnHVCMeZxrifa20cSeQ+vqAx+rvjZh4Sg08V096BHpq2huJ/3n1CDpnjZj7YQTMp5OHOpHAOveoINzmklEQA00IlVz/FdMekYSCrjGtS7CnI8+SynHWtrL2zUkmd5HUkUK7aA8dIBudohy6RkVURhQ9omf0it6MJ+PFeDc+JqNzRrKzg/7A+PwBMPab0A==</latexit><latexit sha1_base64="u/lxOMJVW/GodBUPeBS2yHMZSP4=">AAACE3icbVDLSgMxFM34rPU16tJNsAgiUmZEUFwVFSp0U6l9YKctmTRtQzMPkjtiGfoPbvwVNy4UcevGnX9j2s5CWw8JHM65l+QcNxRcgWV9G3PzC4tLy6mV9Ora+samubVdUUEkKSvTQASy5hLFBPdZGTgIVgslI54rWNXtX4786j2Tigf+LQxC1vBI1+cdTgloqWUeOsAeIM7nS3fDc3zVtBwIcKFptUq4UDhKmBNyfVpmxspaY+BZYickgxIUW+aX0w5o5DEfqCBK1W0rhEZMJHAq2DDtRIqFhPZJl9U19YnHVCMeZxrifa20cSeQ+vqAx+rvjZh4Sg08V096BHpq2huJ/3n1CDpnjZj7YQTMp5OHOpHAOveoINzmklEQA00IlVz/FdMekYSCrjGtS7CnI8+SynHWtrL2zUkmd5HUkUK7aA8dIBudohy6RkVURhQ9omf0it6MJ+PFeDc+JqNzRrKzg/7A+PwBMPab0A==</latexit><latexit sha1_base64="u/lxOMJVW/GodBUPeBS2yHMZSP4=">AAACE3icbVDLSgMxFM34rPU16tJNsAgiUmZEUFwVFSp0U6l9YKctmTRtQzMPkjtiGfoPbvwVNy4UcevGnX9j2s5CWw8JHM65l+QcNxRcgWV9G3PzC4tLy6mV9Ora+samubVdUUEkKSvTQASy5hLFBPdZGTgIVgslI54rWNXtX4786j2Tigf+LQxC1vBI1+cdTgloqWUeOsAeIM7nS3fDc3zVtBwIcKFptUq4UDhKmBNyfVpmxspaY+BZYickgxIUW+aX0w5o5DEfqCBK1W0rhEZMJHAq2DDtRIqFhPZJl9U19YnHVCMeZxrifa20cSeQ+vqAx+rvjZh4Sg08V096BHpq2huJ/3n1CDpnjZj7YQTMp5OHOpHAOveoINzmklEQA00IlVz/FdMekYSCrjGtS7CnI8+SynHWtrL2zUkmd5HUkUK7aA8dIBudohy6RkVURhQ9omf0it6MJ+PFeDc+JqNzRrKzg/7A+PwBMPab0A==</latexit><latexit sha1_base64="u/lxOMJVW/GodBUPeBS2yHMZSP4=">AAACE3icbVDLSgMxFM34rPU16tJNsAgiUmZEUFwVFSp0U6l9YKctmTRtQzMPkjtiGfoPbvwVNy4UcevGnX9j2s5CWw8JHM65l+QcNxRcgWV9G3PzC4tLy6mV9Ora+samubVdUUEkKSvTQASy5hLFBPdZGTgIVgslI54rWNXtX4786j2Tigf+LQxC1vBI1+cdTgloqWUeOsAeIM7nS3fDc3zVtBwIcKFptUq4UDhKmBNyfVpmxspaY+BZYickgxIUW+aX0w5o5DEfqCBK1W0rhEZMJHAq2DDtRIqFhPZJl9U19YnHVCMeZxrifa20cSeQ+vqAx+rvjZh4Sg08V096BHpq2huJ/3n1CDpnjZj7YQTMp5OHOpHAOveoINzmklEQA00IlVz/FdMekYSCrjGtS7CnI8+SynHWtrL2zUkmd5HUkUK7aA8dIBudohy6RkVURhQ9omf0it6MJ+PFeDc+JqNzRrKzg/7A+PwBMPab0A==</latexit>

7/10



Combinazione

Michele Veronesi - IFAE 2019

0

0.2

0.4

0.6

0.8

1

C
L

−1

0 50 100 150
]° [γ

68.3%

95.5%

LHCb
Preliminary

 decays0
sB
 decays0B
 decays+B

Combination

• Include 14 misure integrate nel tempo e 2 dipendenti dal tempo

• Combina 98 osservabili e 14 parametri ausiliari

• Estrae 13 parametri adronici (rapporti fra ampiezze rB e differenze 

di fase forte 𝜹B) e 1 differenza di fase debole (𝛾)
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• σ(𝛾) ~20° dipendenti dal tempo (3fb-1 Run1), ~10° integrate nel tempo (2/5 fb-1 Run2)

• Statistica Run2 ~3x Run1 (~2x produzione dei B, ~2x efficienza di ricostruzione)

• σ(𝛾) ~1° con 50fb-1 (Run3) , <1° con 300fb-1 (alta-luminosità) su singola misura 


• σ(ɸs) ~0.02 rad con Bs→DsK teoreticamente pulita (no diagrammi pinguino)

vs
Table 3.3: Expected statistical uncertainties on parameters of B0

s ! D⌥
s K± and B0 ! D⌥⇡±

decays.

B0
s ! D⌥

s K± B0 ! D⌥⇡±

Parameters Run 1 23 fb�1 50 fb�1 300 fb�1 23 fb�1 50 fb�1 300 fb�1

Sf , Sf̄ 0.20 0.043 0.027 0.011 0.02 0.0041 0.0026 0.0010
A��

f , A��

f̄
0.28 0.065 0.039 0.016 – – –

Cf 0.14 0.030 0.017 0.007 – – –
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Figure 4.2: (Left) Bin definitions for D ! K0
S
⇡+⇡� as a function of m2

� and m2
+, the invariant

masses squared of the K0
S
h� and K0

S
h+. Figure from Ref [151]. (Right) Asymmetry between

yields for B± ! DK± decays, with D ! K0
S
⇡+⇡� in bin i (for B+) and �i (for B�). The

data points are obtained from simulation with the expected sample size at 300 fb�1, assuming
the current performance of the LHCb experiment. The black histogram shows the predicted
asymmetry based on the current world average values of � and relevant hadronic parameters, the
red dots show the result of a single pseudoexperiment, while the red bands show the expected
uncertainties from an ensemble. The green bands show the corresponding uncertainties with the
current LHCb data set.
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Figure 4.3: Expected evolution of � sensitivity with the GGSZ method with (red crosses) current
CLEO inputs and with (blue ⇥-marks)

p
N improvements on their uncertainty.

Specifically, the values of ci and si, which correspond to amplitude-weighted average values
of cos(�D) and sin(�D) in each Dalitz bin i, are required. These can be measured in a model-
independent manner by using quantum-correlated D0D0 pairs from  (3770) decays, as was done
previously with data taken at the CLEO-c experiment [152]. This allows the determination of �
to also be carried out in a completely model-independent fashion, the price for which is a small
loss in sensitivity from binning the data, and a systematic uncertainty which depends on the
precision with which the strong-phase measurements can be determined.

The model-independent method is therefore expected to be the baseline in Upgrade II ,
and its uncertainty is currently statistically dominated. Although systematic uncertainties will

35
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Figure 4.1: Extrapolation of � sensitivity from the ADS/GLW analyses where disfavoured
ambiguities are ignored. The expected Belle II � precision at an integrated luminosity of 50
ab�1 is shown by the horizontal grey lines.

As in the case of B± ! D(⇤)0K± decays, these modes have no limiting systematic and they will
make competitive contributions with the LHCb Upgrade datasets.

Under the assumption that systematic uncertainties decrease in parallel with the statistical
uncertainties, that is / 1/

p
L, the future precision on � is predicted in Fig. 4.1. In isolation,

one ADS/GLW analysis su↵ers from the trigonometric ambiguities in Eq. 4.1, but the multiple
solutions are generally separated and resolved in combination with other B ! DK results. Fig. 4.1
uses central values and uncertainties in the published analyses of B± ! DK±, B± ! DK⇤±

and B0 ! DK⇤0 decays. For B± ! D⇤0K± both the partial and full reconstruction techniques
are used in this study albeit with unpublished central values and uncertainties.

4.1.2 B ! DK GGSZ

Measurements of � in which the D meson is reconstructed using the three-body, self-conjugate
D ! K0

S
⇡+⇡� and D ! K0

S
K+K� final states provide powerful input to the overall determi-

nation of �, as they select a single, narrow solution (see Fig. 4.5). Referred to as the GGSZ
method [149,150], sensitivity to � is obtained by comparing the distributions of D ! K0

S
h+h�

decays across the Dalitz plane for opposite-flavour initial-state B+ and B� mesons. The par-
tial decay rates as a function of Dalitz position depend mainly on the amplitudes of the D0

decay, with only small deviations introduced from interference and CP -violation. These devia-
tions are most conveniently probed through the measurement of the CP -violating observables
x± = rB cos(�B ± �) and y± = rB sin(�B ± �). For this it is necessary to have a good under-
standing of the magnitudes of the D0 and D0 decay amplitudes, as well as the strong-phase
di↵erences between them, �D.

The description of �D has historically been treated in two ways. One approach is to
use an amplitude model determined from flavour-tagged D ! K0

S
h+h� decays. This relies on

assumptions about the nature of the intermediate resonances that contribute to the D ! K0
S
h+h�

final state, and choices made about these contributions to the amplitude model lead to systematic
uncertainties which are not certain to scale with luminosity in the Upgrade II period. An
alternative method divides the data into bins according to the Dalitz plane coordinates, and
can then make use of direct measurements of the strong-phase di↵erences averaged over each
bin [149,150]. One such set of binning definitions for the D ! K0

S
⇡+⇡� decay mode, obtained

by optimising the sensitivity to �, is shown in Fig. 4.2.
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Sf(f̄) =
2rDsK sin(� ⌥ (� � 2�s))

1 + r2DsK
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A��
f(f̄) =

�2rDsK cos(� ⌥ (� � 2�s))

1 + r2DsK
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• Determinazione di 𝛾 ad LHCb da diversi stati finali e specie di B (B+, B0, B0s)


• 𝜹𝛾/𝛾<10-7 teorica su misure dirette di 𝛾 senza nuova fisica a livello albero


• Approcci complementari: integrati vs. dipendenti nel tempo

• Misure dirette ad oggi meno precise di determinazione indiretta: 

combinazione (~5°) & alta-luminosità (<1°)
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Figure 10.2: Evolving constraints in the ⇢̄ � ⌘̄ plane from LHCb measurements and lattice QCD calcula-
tions, alone, with current inputs (2018), and the anticipated improvements from the data accumulated by
2025 (23 fb�1) and 2035 (300 fb�1), taking the values given in Table 10.1. The hadronic parameter ⇠ is
a necessary input in the determination of the side opposite � and is assumed to be calculated with a
precision of 0.6% and 0.3%, in 2025 and 2035, respectively [611]. In the future projections the central
values of the inputs have been adjusted to provide internal consistency.
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tions, alone, with current inputs (2018), and the anticipated improvements from the data accumulated by
2025 (23 fb�1) and 2035 (300 fb�1), taking the values given in Table 10.1. The hadronic parameter ⇠ is
a necessary input in the determination of the side opposite � and is assumed to be calculated with a
precision of 0.6% and 0.3%, in 2025 and 2035, respectively [611]. In the future projections the central
values of the inputs have been adjusted to provide internal consistency.
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A Relationships between parameters and observ-172

ables173

The equations given in this section express the relationships between the new or updated174

experimental observables and the parameters of interest.175

A.1 B+ ! DK+
, D ! h+h�

GLW/ADS observables176

Note that the input values for the observables A⇡K
ADS and R⇡K

ADS are unchanged with respect177

to Ref. [1]. The parameters Adir
CP (KK) and Adir

CP (⇡⇡) are the direct CP asymmetries for178

D ! K+K� and D ! ⇡+⇡� decays, respectively.179

A⇡K
ADS =

2rDK
B rK⇡

D sin
�
�DK
B + �K⇡

D

�
sin �

(rDK
B )

2
+ (rK⇡

D )
2
+ 2rDK

B rK⇡
D cos (�DK

B + �K⇡
D ) cos �

,

AKK
CP =

2rDK
B sin �DK

B sin �

1 + (rDK
B )

2
+ 2rDK

B cos �DK
B cos �

+ Adir
CP (KK),

A⇡⇡
CP =

2rDK
B sin �DK

B sin �

1 + (rDK
B )

2
+ 2rDK

B cos �DK
B cos �

+ Adir
CP (⇡⇡),

AK⇡
fav =

2rDK
B rK⇡

D sin
�
�DK
B � �K⇡

D

�
sin �

1 + (rDK
B rK⇡

D )
2
+ 2rDK

B rK⇡
D cos (�DK

B � �K⇡
D ) cos �

,

R⇡K
ADS =

�
rDK
B

�2
+
�
rK⇡
D

�2
+ 2rDK

B rK⇡
D cos

�
�DK
B + �K⇡

D

�
cos �

1 + (rDK
B rK⇡

D )
2
+ 2rDK

B rK⇡
D cos (�DK

B � �K⇡
D ) cos �

,

RKK
CP = 1 + (rDK

B )2 + 2rDK
B cos(�DK

B ) cos(�),

R⇡⇡
CP = 1 + (rDK

B )2 + 2rDK
B cos(�DK

B ) cos(�).

A.2 B+ ! D⇤K+
, D ! h+h�

GLW observables180

The relations here are similar to those in Appendix A.1 for the D⇤ ! D⇡0 case, but for181

D⇤ ! D� extra minus signs enter due to di↵erent CP properties as described in Ref. [37].182

Note that, in principle, the coherence factor D⇤K+

B should appear in the equations below,183

as DK⇤+
B does in Appendix. A.3. However, in this case the definition D⇤K+

B ⌘ 1 is used184

due to the negligible width of the D⇤ meson. Additionally, the results here for D ! KK185

and D ! ⇡⇡ are obtained directly from a simultaneous fit to both samples. The term186

Adir
CP (hh) is therefore e↵ectively a weighted average of Adir

CP (KK) and Adir
CP (⇡⇡).187
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ci, si da CLEO/
BESIII


(medie pesate 
sulle ampiezze di 
cos(𝜹D) e sin(𝜹D)  

nel bin-i nel piano 
di Dalitz)
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RDK⇤+,K⇡
+ =

(rDK⇤+
B )2 + (rK⇡

D )2 + 2DK⇤+
B rDK⇤+

B rK⇡
D cos(�DK⇤+

B + �K⇡
D + �)

1 +
�
rDK⇤+
B rK⇡

D

�2
+ 2DK⇤+

B rDK⇤+
B rK⇡

D cos(�DK⇤+
B � �K⇡

D + �)
,

RDK⇤+,K⇡
� =

(rDK⇤+
B )2 + (rK⇡

D )2 + 2DK⇤+
B rDK⇤+

B rK⇡
D cos(�DK⇤+

B + �K⇡
D � �)

1 +
�
rDK⇤+
B rK⇡

D

�2
+ 2DK⇤+

B rDK⇤+
B rK⇡

D cos(�DK⇤+
B � �K⇡

D � �)
.

A.4 B+ ! DK⇤+
, D ! h+⇡�⇡+⇡�

observables191

The equations below are similar those of Appendix A.3 with extensions to the four body192

final states.193

ADK⇤+,K⇡⇡⇡
fav =

2DK⇤+
B K3⇡

D rDK⇤+
B rK⇡

D sin(�DK⇤+
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,
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A.5 B+ ! DK+
, D ! K0

S
h+h�

observables194

x� = rDK
B cos(�DK

B � �) ,

y� = rDK
B sin(�DK

B � �) ,

x+ = rDK
B cos(�DK

B + �) ,

y+ = rDK
B sin(�DK

B + �) .

A.6 B0
s ! D⌥

s K
±

observables195

Note that the phase convention used here di↵ers from that used by HFLAV [29] and196

Ref. [28] by ⇡.197
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Figure 1: Binning schemes for (left) D ! K0
S⇡

+⇡� decays and (right) D ! K0
SK

+K� decays.
The diagonal line separates the positive and negative bins, where the positive bins are in the
region in which m2

� > m2
+ is satisfied.

It follows from Eq. (1) that the expected numbers of B+ and B� decays in bin i, N+
i and

N�
i , are given by

N+
±i = hB+

h
F⌥i + (x2

+ + y2+)F±i + 2
p
FiF�i(x+c±i � y+s±i)

i
,

N�
±i = hB�

h
F±i + (x2

� + y2�)F⌥i + 2
p
FiF�i(x�c±i + y�s±i)

i
,

(4)

where Fi are the fractions of decays in bin i of the D0 ! K0
Sh

+h� Dalitz plot, and hB± are
normalisation factors, which can be di↵erent for B+ and B� due to production, detection,
and CP asymmetries. In this measurement, the integrated yields are not used to provide
information on x± and y±, and so the analysis is insensitive to such e↵ects. From Eq. (4)
it is seen that studying the distribution of candidates over the D ! K0

Sh
+h� Dalitz plot

gives access to the x± and y± observables. The detector and selection requirements placed
on the data lead to a non-uniform e�ciency over the Dalitz plot, which a↵ects the Fi

parameters. The e�ciency profile for the signal candidates is denoted as ⌘(m2
�,m

2
+). The

parameters Fi can then be expressed as

Fi =

R
i dm

2
�dm

2
+|AD(m2

�,m
2
+)|2 ⌘(m2

�,m
2
+)P

j

R
j dm

2
�dm

2
+|AD(m2

�,m
2
+)|2 ⌘(m2

�,m
2
+)

. (5)

The values of Fi are determined from the control decay mode
( )

B ! D⇤±µ⌥( )⌫µX, where
the D⇤� meson decays to D0⇡� and the D0 meson decays to either the K0

S⇡
+⇡� or

K0
SK

+K� final state. The symbol X indicates other particles which may be produced
in the decay but are not reconstructed. Samples of simulated events are used to correct
for the small di↵erences in e�ciency arising through unavoidable di↵erences in selecting
( )

B ! D⇤±µ⌥( )⌫µX and B± ! DK± decays, as discussed further in Sect. 5.

In addition to B± ! DK± and
( )

B ! D⇤±µ⌥( )⌫µX candidates, B± ! D⇡± decays
are selected. These provide an important control sample that is used to constrain the

3
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Table 4: Systematic uncertainties for the CP observables measured in a fully reconstructed
manner, quoted as a percentage of the statistical uncertainty on the observable. The Sim
uncertainty on RKπ

K/π is due to the limited size of the simulated samples used to determine the

relative efficiency for reconstructing and selecting B− → Dπ− and B− → DK− decays.

[%] AKπ
K AKK

π AKK
K Aππ

π Aππ
K RKK Rππ RKπ

K/π

PID 6.0 4.3 2.0 2.7 10.3 13.8 18.8 0.0

Bkg rate 7.5 1.8 10.2 4.1 18.9 68.7 46.0 0.0

Bkg func 7.6 0.4 4.2 0.4 7.2 9.5 16.7 0.0

Sig func 11.1 0.9 0.8 0.9 14.3 7.9 20.9 0.0

Sim 7.1 0.5 0.2 0.4 5.6 3.5 7.6 174.2

Asym 37.4 52.7 3.7 31.2 2.3 0.1 0.1 0.0

Total 41.5 52.9 11.9 31.6 27.5 71.2 56.9 174.2

Table 5: Systematic uncertainties for the branching fraction measurements, quoted as a per-
centage of the statistical uncertainty on the observable.

[%] B(D∗0 → D0π0) B(B− → D∗0π−)

PID 85.3 117.7

Bkg rate 364.4 672.1

Bkg func 52.2 29.0

Sig func 417.2 379.7

Sim 295.4 509.3

Asym 0.2 0.3

Total 635.7 932.7

15

% incertezza 
statistica
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Table 3: Summary of uncertainties for the parameters x± and y±. The various sources of
systematic uncertainties are described in the main text. All entries are given in multiples of
10�2.

Source x� y� x+ y+
Statistical 1.7 2.2 1.9 1.9
Strong phase measurements 0.4 1.1 0.4 0.9
E�ciency corrections 0.6 0.2 0.6 0.1
Mass fit PDFs 0.2 0.3 0.2 0.3
Di↵erent mis-ID shape over Dalitz plot 0.2 0.1 0.1 0.1
Di↵erent low mass shape over Dalitz plot 0.1 0.2 0.1 0.1
Uncertainty on B0

s ! D0⇡+K� yield 0.1 0.1 0.1 0.1
Bias correction 0.1 0.1 0.1 0.1
Bin migration 0.1 0.1 0.1 0.1
K0 CP violation and material interaction 0.1 0.2 0.1 0.1
Total experimental systematic uncertainty 0.7 0.5 0.7 0.4

an additional set of correction factors is calculated and used to evaluate an alternative set
of Fi parameters. To determine this additional factor, a new rectangular binning scheme
is used, which is shown in Fig. 9. The bin-to-bin e�ciency variation in this rectangular
scheme is significantly larger than for the default partitioning and is more sensitive to
imperfections in the simulated data e�ciency profile. The yields of the B± ! D⇡± and
( )

B ! D⇤±µ⌥( )⌫µX decays in each bin of the rectangular scheme are compared to the
predictions from the amplitude model and the simulated data e�ciency profile. The
usage of the rectangular binning also helps to dilute the small level of CP violation in
B± ! D⇡± such that di↵erences from this comparison will come primarily from e�ciency
e↵ects. The alternative correction factors ⇠alti are calculated as

⇠alti =

R
i dm

2
�dm

2
+⌘(m

2
�,m

2
+)D⇡ |AD(m2

�,m
2
+)|2 CD⇡(m2

�,m
2
+)R

i dm
2
�dm

2
+⌘(m

2
�,m

2
+)D⇤µ |AD(m2

�,m
2
+)|2 CD⇤µ(m2

�,m
2
+)

, (13)

where the C(m2
�,m

2
+) terms are the ratios between the predicted and observed data yields

in the rectangular bins. Many pseudoexperiments are performed, in which the data are
generated according to the alternative Fi parameters and then fitted with the default Fi

parameters. The overall shift in the fitted values of the CP parameters in comparison to
their input values is taken as the systematic uncertainty, yielding 0.6⇥ 10�2 for x± and
0.1(0.2)⇥ 10�2 for y+ (y�).

Various e↵ects are considered to assign an uncertainty for the imperfections in the
description of the invariant-mass spectrum. For the PDF used to fit the signal, the
parameters of the PDF used in the binned fit are varied according to the uncertainties
obtained in the global fit. An alternative shape is also tested. The global fit is repeated
with the mean and width of the shape used to describe the background due to misidentified
companions allowed to vary freely. The results are used to generate data sets with an
alternative PDF, and fit them using the default setup. The description of the partially
reconstructed background is changed to a shape obtained from a fit of the PDF to simulated
decays. The slope of the exponential used to fit the combinatorial background is also

18
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J
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8
)
0
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⟨η⟩ p0 p1 εtag [%]

OS 0.370 0.3740± 0.0061± 0.0004 1.094± 0.063± 0.012 37.15± 0.17

SS 0.437 0.4414± 0.0047± 0.0002 1.084± 0.068± 0.006 63.90± 0.17

– ∆p0 ∆p1 ∆εtag [%]

OS — 0.0138± 0.0060± 0.0001 0.126± 0.062± 0.002 −1.14± 0.72

SS — −0.0180± 0.0047± 0.0002 0.134± 0.067± 0.002 0.82± 0.72

Table 1. Calibration parameters and tagging asymmetries of the OS and SS taggers obtained from
B0

s → D−
s π

+ decays. The first uncertainty is statistical and the second is systematic.

B0
s → D−

s π
+ εtag [%] εeff [%]

OS only 12.94± 0.11 1.41± 0.11

SS only 39.70± 0.16 1.29± 0.13

Both OS and SS 24.21± 0.14 3.10± 0.18

Total 76.85± 0.24 5.80± 0.25

Table 2. Performances of the flavour tagging for B0
s → D−

s π
+ candidates tagged by OS only, SS

only and both OS and SS algorithms.

effective tagging efficiency for the inclusive OS and SS taggers is approximately 3.9% and

2.1%, respectively. The results of the 2011 and 2012 samples are consistent.

Systematic uncertainties on the calibration parameters have an impact on the CP

parameters and they are added in quadrature with the statistical uncertainties and used to

define the Gaussian constraints on the calibration parameters in the B0
s → D∓

s K
± fit. The

largest systematic effect on the tagging calibration parameters is due to the decay-time

resolution model, which also affects the B0
s → D∓

s K
± fit for CP observables. In order to

avoid double counting, this source of systematic uncertainty is treated separately from the

other systematic sources (see section 9). Other relevant sources of systematic uncertainties

are related to the calibration method and to the background description in the multivariate

fit used to compute the weights for the sFit procedure. Uncertainties related to the decay-

time acceptance and to the fixed values of ∆ms and ∆Γs in the sFit procedure are found

to be negligible. The total systematic uncertainties, reported in table 1, are significantly

smaller than the statistical.

The OS and SS tagging decisions and the mistag predictions are combined in the fit

to the B0
s → D∓

s K
± decay-time distribution by using the same approach as described

in ref. [46]. The tagging performances for the OS and SS combination measured in the

B0
s → D−

s π
+ channel are reported in table 2. Three categories of tagged events are consid-

ered: OS only, SS only and both OS and SS. The estimated value of the effective tagging

efficiency εeff for the B0
s → D∓

s K
± decay mode is (5.7 ± 0.3)%, consistent with the value

obtained for B0
s → D−

s π
+ decays, as expected.

– 10 –

LHCB-PAPER-2017-047

σstat.∝1/(ϵeffN)1/2

<σt>=(54.9±0.4)fs
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Figure 5. Decay time distribution of B0
s → D−

s π
+ candidates obtained by the sPlot technique. The

solid blue curve is the result of the sFit procedure and the dashed red curve shows the measured
decay-time acceptance in arbitrary units. Normalised residuals are shown underneath.

respond to the HFLAV [15] world average. An estimate of the detection asymme-

try Adet based on ref. [50] is considered. The production asymmetry is defined as

Aprod ≡ [σ(B0
s)− σ(B0

s )]/[σ(B
0
s) + σ(B0

s )], where σ denotes the production cross-section

inside the LHCb acceptance. The detection asymmetry is defined as the difference in re-

construction efficiency between the D−
s K

+ and the D+
s K

− final states. The detection and

the production asymmetries contribute to the PDF with factors of (1±Aprod) and (1±Adet),

depending on the tagged initial state and the reconstructed final state, respectively. The

tagging calibration parameters and asymmetries are allowed to float within Gaussian con-

straints based on their statistical and systematic uncertainties given in section 5. The

decay-time PDF is convolved with a single Gaussian representing the per-candidate decay-

time resolution, and multiplied by the decay-time acceptance described in section 6 and

section 7, respectively.

The measured CP -violating parameters are given in table 3, and the correlations of

their statistical uncertainties are given in table 4. The fit to the decay-time distribution is

shown in figure 6. together with the two decay-time-dependent asymmetries, Amix(D+
s K

−)

and Amix(D−
s K

+), that are defined as the difference of the decay rates (see eqs. (1.1)

and (1.2)) of the tagged candidates. The asymmetries are obtained by folding the decay

time in one mixing period 2π/∆ms. The central values of the CP parameters measured by

the fit are used to determine the plotted asymmetries.

9 Systematic uncertainties

Systematic uncertainties arise from the fixed parameters ∆ms, Γs, ∆Γs, the detection Adet

and tagging efficiency ∆εtag asymmetries, and from the limited knowledge of the decay-
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Source Cf A∆Γ
f A∆Γ

f̄
Sf Sf̄

Detection asymmetry 0.02 0.28 0.29 0.02 0.02

∆ms 0.11 0.02 0.02 0.20 0.20

Tagging and scale factor 0.18 0.02 0.02 0.16 0.18

Tagging asymmetry 0.02 0.00 0.00 0.02 0.02

Correlation among observables 0.20 0.38 0.38 0.20 0.18

Closure test 0.13 0.19 0.19 0.12 0.12

Acceptance, simulation ratio 0.01 0.10 0.10 0.01 0.01

Acceptance data fit, Γs, ∆Γs 0.01 0.18 0.17 0.00 0.00

Total 0.32 0.55 0.55 0.35 0.35

Table 5. Systematic uncertainties on the CP parameters, relative to the statistical uncertainties.

Parameter Cf A∆Γ
f A∆Γ

f̄
Sf Sf̄

Cf 1 0.05 0.03 0.03 −0.01

A∆Γ
f 1 0.42 0.02 0.02

A∆Γ
f̄

1 0.03 0.03

Sf 1 0.01

Sf̄ 1

Table 6. Correlation matrix of the total systematic uncertainties of the CP parameters.

response. No dependencies are observed. In particular, the compatibility of the 1 fb−1

and the 2 fb−1 subsamples is at the level of 1 σ, where σ is the standard deviation. A

closure test using the high-statistics fully simulated signal candidates provides an estimate

of the intrinsic uncertainty related to the fit procedure. No bias is found and only the fit

uncertainty is considered as a systematic uncertainty. The systematic effects due to the

background subtraction in the sFit procedure are checked. Therefore, the nominal fitting

procedure is applied to a mixture of the signal and the B0
s → D−

s π
+ simulation samples as

well as combinatorial background data. The result is consistent with the values found by

the fit to the signal only, as a consequence, no additional uncertainties are considered.

The resulting systematic uncertainties are shown in table 5 relative to the correspond-

ing statistical uncertainties. The total systematic correlation matrix, reported in table 6,

is obtained by adding the covariance matrices corresponding to each source.

A number of other possible systematic effects are studied, but found to be negligible.

These include production asymmetries, missing or imperfectly modelled backgrounds, and

fixed signal-shape parameters in the multivariate fit. Potential systematic effects due to

fixed background yields are evaluated by generating pseudoexperiments with the nominal

value for these yields, and fitting back with the yields fixed to twice or half their nom-

inal value. No significant bias is observed and no systematic uncertainty assigned. The
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