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* CP violation (CPV) necessary condition for baryogenesis
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"Sorry Doc, we had a load of Anti-
Matter around 13 billion years ago,
but it got lost when we moved”
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Physics Motivations
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e Matter # Antimatter

e CKM mechanism introduced in the Standard Model to include CPV
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e Matter # Antimatter

e CKM mechanism introduced in the Standard Model to include CPV
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weak cigenStates mass cigé€nstates
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e Matter # Antimatter

e CKM mechanism introduced in the Standard Model to include CPV

1-2- A | A (p-in)

V. = A 1-2- | ax’ +0(1*)
Aﬂ,{l—[l—%z](pﬂn)] —AN? 1
No phases = no CPV

d’ d
s’ | = VCKM S
b’ b
weak cigenStates mass cigé€nstates
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e Matter # Antimatter

e CKM mechanism introduced in the Standard Model to include CPV

V. = W 1-Z AN} +0(/14)
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e Matter # Antimatter

e CKM mechanism introduced in the Standard Model to include CPV
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3 generation = CPV!

Amg& Amg

- On cosmologic scale

d’ d\ _ . | it doesn’t work, but
s" | = Vekm | 8 |
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¢ explain what we see
0 _* in the experiments!!!

weak cigenStates mass cigé€nstates
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Phy5|cs Motivations
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* Non negligible interference between tree and penguin diagrams
* Sensitive to new phy51cs through loops
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* Collisions pp at 7-8-13 TeV in 2011-2012-2015
* Experiment dedicated to the heavy flavour physics (CPV; rare decays,
spettroscopies):
* Acceptance LHCb/1fb! at 7 Tev:
* 10! coppie bb: o(pp— bbX)=(75.3+14.0)ub
* 10! coppie ct: o(pp— ccX)=(1.23£0.19)mb
* Copious production of heavy b-baryon

9 L] ] |

+ o5k (a)

so 2a<3 T © 3an<s ]

LHCb
0.1b= Vs=7Tev — -

0 5 10 0 5 10
P, (charm + ) (GeV) P; (charm + ) (GeV)

Precision measurements on heavy baryons become possible
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Cb detector (side view)
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LHCb cletector (5|c|e V|ew)

Tracker Sysfem
Magnet

////////////////////////////////////////////////////////////d

T stations

VErtex LOcator (VELO)
/,Trécker Turicensis (T'T)
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LHCb detector (5|c|e V|ew)
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LHCb cletector (5|c|e V|ew)
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LHCb detector (5|c|e V|ew)

Parhcle, ld‘en hf:cahon’ System

Ring Imaging CHerenkov (RICH1)
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Experlmental technlque
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T-odd observable definition

Using momenta Using spins and momenta
p‘I S1 p
P4
«— SO
P2
P3
€A:p1(p2><p3) g’f":SO (Sl><p)
CA:pl.(pzxpg) CA:SO Slxp)
e We build the T—odd observable using
the final state momenta N

* In our case the observable is also P-odd
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P- CP- violating asymmetries
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Asymmetries
* Two different asymmetries for particle and antiparticle
mt o N(C.>0)-N(C.<0)
I N I e TS0
C, o<sin® 0 N(C.>0)+N(C, <0)
] : g 7 _ N(—E >0)-N(-C, <0)

Tslow Ttast - A©
‘ ’ P TNCC >0+ N(C, <0) Oy

e CP Violating observable e P Violating observable
T—odd T—odd
a., —(A T) a, —(A +A, -)

Largely insensitive to:

Systematic
. . A0
* production asymmetries A, /A,

» uncertainty

* reconstruction asymmetries h*l h™ reduced
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Selection
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Decay topology

p
~ 1 mm—]cm/
0
/\b,/
P .’

> @<

p=10 GeV :s=yBct ~ Imm
p=100 GeV :s=vyBct ~ Icm
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Multivariate classifier
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TMVA overtraining check for classifier: BDTDA

x 1T LI 1T 1T 7T 1T 1T 1T LI
o] 25 :-I Signal (tlest samplle) ! o Signal (tlraining sclmple) !

~

2 :@ Background (test sample) ® Background (training sample)

2 2 | Kolmogorov-Smirnov test: signal (background) probability = 0.523 (0.161)

Z v

= f

Output multivariate
classifier 1

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

0.5
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First observations
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N =6646+105 N =1030£56
Ay Ay,
L | LHCb — Full fit 1 2 . LHCb —F%u fit |
2 1500L @ —Mprra | 5 | (0) — A= pT KK
= i Part-rec. bkg. | = 400 Part-rec. bkg.
D I | e Comb.bkg. | & | ¢ 7 Cg)mb. bkg. |
E i B Kt E ‘ -----BOAK KK "
= 1000~ 0 .1 = ---B;— KK nrn*
o : Ay PKTTT SO NFETRIPE ¥ S
| 1 H 200
5001 . * g
0] IR A% O Bl st s . 0 o o R iy
5.2 5.4 5.6 5.8 6 5.2 5.4 5.6 5.8 6
mpr rntn) [GeV/c?] m(prnK*K") [GeV/c?]
‘ Andrea Merli - Search for CPV in b-baryons | 20/10/2016 11




Asymmetrles measurement
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Signal distribution in phase space
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Binning defln ition A, — prz'n
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Results
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Results
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Final Conclusion
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* First observation of these decay modes

*  First evidence of CPV'in baryonsin A} —»prn n'n”

Already studies on the new

* Error limited by the statistics — 2016 data on going

* Need to double the statistics for the observation
(possible in 2016)

Awarded by SIF
in 2015 Congress

Submitted to
Nature Physics
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First observations
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Signal distribution in phase space
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Systematic uncertainties

7777/

Experimental bias  ad’»,ad-03%

Estimated with a high statists control sample A} — A”(— pK7")n"

~114k events ry
Cabibbo favoured —> negligible CPV

C; resolution Aa™ % AgT ~0,05%

The finite CT resolution could induce migration
between the categories C>0 ¢ C <0 —— estimated with MC

Fit model  Ad.Ad) > ~0.03-0.3%

Estimated with simulated pseudoexperiments and using
alternative fit model for signal and background
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Fit model parametrization
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Slgnal Parametrization
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Signal distribution in phase space
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Confrol check
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Signal reconstruction efficiency (MC)
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Signal reconstruction efficiency (conirol sample)

T/7/7/7/7/7/7/777/77777777777777 /7777727777727 272727 /7/727/7/7/7/7/27/77777/7/77/77/7/7/7/7/7/7/7/7/7/7/7/7/777777777777777777/7 /7 /77777 /7 /7 /7 /0 /7 /7 /7 /7 /727222727224

1.5 A= e picane /11 S7.18/49 |
Prob 0.1975 g
~ L4F PO 09976 00048 | [
Y .
V130 :
= 1aF 1t
Z + _
S 1LIE +
s :
Z. 09F ﬂ _
0.8F i
0.7 A BT B AT I AT B A AT
O 01 02 03 04 05

IC,l (GeV/cy

0 Andrea Merli - Search for CPV in b-baryons | 20/10/2016

4ot
O ;\; ] ‘r»
HCD {55
. El 3
m
.
£
m



LHC

744424 44444z24Giiiizzizzzzzzziziizizziziizz;iiididiiizi;iidiiizuzziziiizizuzad

gcar HCAL

SPD/PS
RICH2 M M2

.
|

>

Andrea Merli - Search for CPV in b-baryons | 20/10/2016




LHC

. T
Sistema di tracciatura
Magnet

T stations

VErtex LOcator (VELO)
/Trécker Turicensis (T'T)

rte

Andrea Merli - Search for CPV in b-baryons | 20/10/2016




LHC

WWWWWWWWWWWWWWWW
Sistema di tracciatura

| Magnet
VErtex LOcator (VELO) /

T stations

7~
Trg — 40 T T T T B TR 5
/78 .k 1 ™s
/ /= 35 "x o
p= 30: =
/ / — = o
/ «'i(ICHl % 255— —g
. .. TT.o 2088 =
rte 2 : ]
& 15F =
S o ;
i . E_
A SE LHCb
' iy g | o v e Y e | 1

Andrea Merli - Search for CPV in b-baryons | 20/10/2016




LHCb detector
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LHCb detector
S:sf_emd di Calorimetria_
Hadronic CALorlmeter (HCAL)
Electromagnetlc CALorlmeter (ECAL)

HCAL

Maconet o M2 M——'-3 1\14 i

ECAL HCAL
[ o(E) 8-10% o(E)  69% \\
E  JE/Gev E  JE/Gev \

\\&X\

Andrea Merli - Search for CPV in b-baryons | 20/10/2016



LHC

 Stazioni di Muoni

\

HCAL 8

ECAL "t
SPD/PS T %
RICH2 M M2
- [T

-~

2

Andrea Merli - Search for CPV in b-baryons | 20/10/2016




LHCb detector
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LHCb detector
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LHCb detector
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