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MIOOHHBIC CTaHIIUHU

»VELO (Vertex Locator) — BepIMHHBINA JIETECKTOP

>TT, T1,T2,T3 -
»RICH1, RICH2 — 4e
IIPOTOHORB)

»ECAL, HCAL - kamopuMeTpsl (3JIEKTPOMArHUTHBIN, aJpOHHBIH, )
»SPD/PS — cMHTHILISIMOHHBIN HagoBbIi AeTekTop/preshower

TPEKOBBIC CTAHIIMU (M3MEpPEHUE HUMITYJIbCA)
PEHKOBCKHE JCTCKTOPHI (HMISHTU(PHUKAIUSA THOHOB, KAOHOB,
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OCHOBHBIE CBeIeH

LHCb Integrated Luminosity pp collisions 2010-2012
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U [TapameTpsl HMErOIKE OTHOIIIEHHUE K RS it NS DS NS NN NN DO .
01/04 01/05 31/05 30/08 3oi07 29/08 28/0 2810 271 2712

Date

PETUCTPALIUU MIOOHOB:

" 5(GEeKTUBHOCTD UICHTH(PUKAIINNT MIOOHOB : &(1) ~ 97%

" 3(}peKTUBHOCTH TUMIOOHHOTO Tpurepa: ~ 90%

" BEPOSATHOCTH HempaBmiIbHOU HiueHTHGUKanuu e(h—p)< 1% for p>10 GeV/c

» pazpenicHue mo uMmynscy: Ap/p=0.4 % at 5 GeV/c to 0.6 % at 100 GeV/c

= o (M_B;— ptp) =25 MeV/c?

"  TOYHOCTh U3MEPEHMS UMIIAKT-TIapameTpa A TpekoB : 6(IP) =25 um at pT=2
GeVicu o(IP) =20 um mys TpekoB ¢ OOIBITUMU IOTICPEYHBIMU UMITYJIbCAMHU
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BBenenme. /IarpaMMbI IMHIBMHA 11
pacriamos B-me30HOB

CragmaptHas Mojens 3anpenacT U3MEHSIOIINE
apoMar kBapkoB HelTpanbHble TokH (FCNC)

FCNC moryT ObITh BBEJICHBI IMarpaMMaMH ITMHTBUHA C
OJITHOM NEeTIIEN

Ecnu pacnian B-Me30HOB MOXeET OBITh peain30BaH
TOJILKO YEPE3 AUarpamMMbl MMHTBUHA, 3TH pacrabl
MOTYT OBITh UYBCTBUTEJIbHBI K HOBOW (hU3UKE

[Ipumeps! Takux pacnagos B.— p'u-, By—K*u'n, By—K*y, B.—oy n
T.J. MHOrue u3 mogoOHBIX pACIIalOB MOTYT OBITh H3YYEHBI C ITOMOIIHIO
LHCDb nmerexropa

OpHuM U3 BO3MOXKHBIX pacnagoB B, Me30Ha 1151 KOTOPOTO MOYKHO €
XOPOIIEeH TOYHOCTBIO MPEJICKA3aTh €r0 BEPOSITHOCTD SBJISIETCS paciiall
B— pwrw
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OtkperiTie pacnaga B.—2u Ha bosbpniom
Anponnom Kosarigepe B akciepumente LHCb

" [lenb MccaeIOBaHUN — TECT IMIPUCYTCTBUS HOBOM (DU3HUKHU,
Harpumep SUSY (cynepcuMMeTprUYHOE pacIIupCHUE
CTaHJAPTHOM MOJAEIN), MOXKET YBEIIMYNUTH BEPOSTHOCTD
pacmana B.—2p.

* B CraggapTHOH MOJEIN HEUTPAJIBHBIC TOKA MEHSIOIIUE
apoMarsl KBapKOB CHUJIBHO ITOJIABJICHBI, TAK YTO JHUArPAMMBI

CrangapTHor Mopaenu 1arT BEPOATHOCTh PACIIaJIOB !
B(BS—>2u) = (3.35+0.28)x10° u B(BS—>2u) = (1.07+0.1)x10-10

+
| — W
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OCHOBHbBIEe MOMEHTHI aHaJIM3a

* [IpenBapuTeabHbI OTOOP COOBITHI YIOBIECTBOPHUBIINX JTUMIOOHHOMY
TPUITEPY, HECOOXOAUMOMY JHaNla30Hy MHBAPUAHTHBIX MacC ,
MTONIEPEYHBIX UMITYJIBCOB YaCTHII, PACCTOSHUS OT IEPBUYHOU
BEPLIMHEI 10 BTOPUYHOM, UMIIAKT IIapaMeTphl Ul Kanauaara B B
ME30H ¥ MIOOHOB U T.JI.

» Jlamee s OTACICHUS CUTHAJa OT (hoHA MCIIOIb30Bajcs Boosted
Decision Tree (BDT) meron. /s BeIACICHNS CUTHAIIA
MCIIO0JIb30BaJIaCh MH(pOpMaIUs 0 TEOMETPUM pacrajia, BpeMEHHU
XU3HU B, Me30Ha n 0 KMHEMaruke coObITUs. B pe3ynbrare padoThl
BDT meTona juig kaxaoro kanauuara B B Me30H BeIYUCIIAIaCh
BEJIMYMHA, KOTOpas CBs3aHa C BEPOATHOCTHIO KaHAu1aTa ObITh (POHOM
WJIM CUTHAJIOM.

* B urore, B kKaxxaoM OuHe otkiuka BDT meTona putrupoBaics cCekTp
MHBApHUAHTHBIX MAacC JUMIOOHOB JIJIsI OIIPEACICHUS BKJIAA0B OT
BO3MOXXHBIX CUTHAJIOB paciiaaoB B.—2u u B;—2p, a Takxke ot GoHOB -

B® — nu*v, B — pru 0™ | By —h*h-, a Takke komOuraTopHOro dona.



Cnektp macc By —2p
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OKCIIEPUMEHTANIBHBIN CIIEKTP B pailoHe macc B, u By ME30HOB B 3KCIEpUMEHTE

LHCDb

* B wurore, pesynsrarel LHCb cBa3zannble ¢ BepoaTHOCTBIO pacnanos B, ; —2p,

B(B—2u) = (2.9, ,(stat) ) x10*° ; B(B;—2u)=(3.7*%4, , (stat) ) x101° or
B(By—2u) < 7.4 x 1010 at 95% CL.
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COBMeCTHBIVI pe3yJIbTaT KoJutaboparmm
LHCb 1 CMS

LHCb 3 ' |~ LHCb 3fb ' |- I i
" sM Wi sM
CMS 25fb ' [~ oms 25 |
CMS+LHCh | CMS+LHCb
preliminary preliminary |
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0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
_ —0 _
B(B/—uw) [10] B(B"— w) [107]

B(B.—2u) =(2.9+0.7) x 109 B(B,—2u)=( 3.7+16_ ,) X 1010

FOpuwii Lllernos, 24 [exadps, 2013, ITNUAD 9



Brmsxme BepogarHocT pacraga B, — ptu Ha
rapamerpsl SUSY Moperien

OTtkpbiTHE pacnana B, — pL*L” mpuBOAUT K JOCTATOYHO HKECTKUM
OTPaHUYCHUSAM Ha MapaMeTpbl MHOTUX nonyisapHbix SUSY moneneit
OOnactu pa3pem€HHbIX 3HAYEHUN TapaMETPOB C YUETOM BEPOATHOCTH

pacriana qis B, — pfu Beraucnsimce, B yactHocTH, 1t NUMH1 u CMSSM
Mozenen (001acTh CUMHETO 1IBETAa HAa PUCYHKE CJIEBa U 3€JIEHOI0 HA PUCYHKE

crpaBa . Cepblii LIBET ClieBa— OrPaHUYCHHUS C PA3IMYHBIM YPOBHEM
IOCTOBEPHOCTH , CACIAHHBIC B IPSAMBIX ouckax SUSY)

- allowed
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BR UL(95% CL) or measurement
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[TOUCK HOBbIX YacTuL,

Emé onauM HampasieHueM padotsl Hamlel rpynnsl B LHCB saBaseTcs
MTOKCK IIEHTAaKBAPKOB, TUIIOTETUYECCKUX YaCTHII, COCTOSIINX U3

IISITU KBAPKOB, Mpencka3anubix B 1997 rony (.M. IbSIKOHOBBIM ,

B. IO. IletpoBsiM, M. B. TT0JISKOBBIM.

B wactHoctH, 1. 1. [IpSKOHOBBIM OBLIO TaKXke MpeacKa3aHO
CYIIIECTBOBAaHHE OUYApOBAHHBLIX U “‘Deauty” meHTaKBapKOB, ITIC OTHUM U3
5 kBapkoB sBisIeTcsT  “‘C” wim “‘D” — KBapK COOTBETCTBEHHO [3.*

(cuddsbar) , p.** (cuudsbar), B,° (buddsbar) , B.* (buudsbar), rak

Ha3bIBa€MbIX [ OapHOHOB

[Touck oyapoBaHHBIX ITEHTakBapkoB [." 1 [B.*" BO3MOXEH B KaHAIaX
pacnana ;" — p + o(K'K") u p;™ — p + (K'K) + ¥

Craryc paOoThl: ObLI BBIIIOJIHEH IIPEABAPUTEIbHBIN aHAIN3
AKCIICPUMEHTABbHBIX JaHHBIX nonxydeHHbIX LHCDh B 2011 1 2012 romax.
Pe3ynbTarhl aHain3a JOKJIaAbIBAIMCh Ha COBEIIAHUIX pabodYel IpyIIibl U
COBCIIAHUIX KOJIadopaluu



CrrekTp mHBapmaHTHBEIX Macc p+@[1020] (K*K") B
panione ~2400 M»aB
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VI3mepeHme OTHOIIIeH S BBIXOI0B
- +1 - +1 -
2. —p + ¢(K'K) / A, —p + ¢(K'K)
B I[aHHBIﬁ MOMCHT HU3MCPACTC OTHOILICHHUC BbIXOAA
runepoHoB =, v A B KaHamax p + o(K*K") n p + K*(Km)

o(=c)xB(=c—po) .
REC/AC(Pt(YC)) — a((!\c;xﬁgf\c—fgfﬁ)} ’

Kanan B, (A)—p + K'(Km) ucrions3yercs uist cpaBHEHUS
IMOBEACHUS OTHOCUTEIILHOIO X0J1a CEYEHUM

Llens u3MepeHni — CBI3aTh HEU3BECTHOE CEUEHUE POXKICHUS
OYapOBAaHHOTO KACKAJIHOTO TUNIEPOHA E_ 1 HEU3BECTHYIO
BEPOSATHOCTB pacnaga = — P + ¢ ¢ U3BECTHbIMU BEJINYMHAMU
CEYECHUs U BEPOSATHOCTH pacmana wist A, — p + ¢

Pe3ynpTarel M3MEpEHHH JIOKJIAAbIBAIIMCH Ha COBEIIAHUIX Pado-
4el rpyHIibl M COBEIIAHUIX Kotabopanuu. Craryc uccieaoBa-
HUU - BBIIIOJIHEH aHAJIW3 JAHHBIX, 3aBEPILIACTCSA HAITMCAHUE HOTDI

IOpuii [lernos, 24 [exaops, 2013, ITUAD 14



3aKn4YeHue

JlecsTuieTrs ucciaenoBaHui 3aBEPIIMIIMCh OTKPBITHEM pacmana B.—2p.
N3mepena BenmnuuHa BeposTHOCTH pacmaza B = (2.9+0.7) x 109

B Kanane p + $[1020](KK) pgocturHyTa 4yBCTBUTENBHOCTb HEOOXOAMMASA
A1 Havana NoncKa o4apoBaHHbIX MEeHTaKBaPKOB B.*, B NpeanonoxeHuu,
YTO MEXaHM3M POXKAEHUA HE OT/IMYAETCA pPagnKaibHbiM 0O6pa3om OT
MeXaHMU3Ma PoXKAeHNA 04apPOBaAHHbIX TMNEePOHOB

JKCcnepumeHTaIbHO OOHApPYyXKeHbl HOBbIE BMAbI pacnagoB O4apOBAHHOIO
KackagHoro 6apmoHa =_* Takue Kak, ABaxkabl Kabnbbo nogasieHHbIN
pacnag 6apuoHa =_* - p+ $[1020], a Takke pacnagbl = > A* + K u
= *-> A[1520] + it*
Bcero B npougecce novcka neHTaksapkos B." , B, n OF , a Takke B
npouecce nposeaeHna namepeHnin paboyaa rpynna NMNUAP s LHCb

-+ + ++
Habnogana 17 BnaoBs pacnafoB O4apoBaHHbIX rmnepoHos =Y, A n Z,
, U3 HUX 7 BUAOB pacnaaoB Habatoganock Bnepsble (oTcyTcTByOT B PDG)



C Hosbim roaom!

FOpuwii Lllernos, 24 [exadps, 2013, ITNUAD

16



Backup slides
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MSUGRA model

» MSUGRA or constrained MSSM model, where the MSSM soft breaking parameters
obey a set of universal boundary conditions at the has several special aspects that make
its predictions clearer and hence more directly accessible to experimental study.
MSUGRA s also low energy approximation of Superstring Theory.

»MSUGRA depends on only four additional parameters and one sign beyond those of
the Standard Model (SM).

These are:
m, - the universal soft breaking mass at the GUT scale M;
m,,, - the universal gaugino soft breaking mass at Mg ;
A, - the universal cubic soft breaking mass at Mg;

tan B =< H, >/ <H, > at the electroweak scale, where H, gives rise to u quark masses
and H; to d quark and lepton masses ;

u - the Higgs mixing parameter in the superpotential (Wu = uH;H,);

» Lightest neutralino v, and the gluino g are approximately related to m,,, by
m o =04myandm  =28m,,.



Restrictions to SUSY parameters

http://theor.jinr.ru/~diastp/summerl11/lectures/Kazakov-4.pdf

IOpuii llernos, 24 Jlexaops, 2013, TIAD
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Comparison of the experimental restriction to the
Br(B, — p*u’) and SM prediction

1 To compare the experiment and theory we need to take into account the By
mixing : De Bruyn et al (arXiv:1204.1735)
v'Theoretical Br(B, — u*p’) prediction: CP-average at time , t=0

v Experimental limit : need to integrate CP-average over t

BR(B-A N f)the” — |92 — (1 — ) - BR (B N f) AFS I‘(S) F(S)

eXp Qg = =

21 21
v as a result using y, from LHCb-CONF-2012- 002 we need to compare with

theory the corrected experimental limit :
BR., (Bi—u*n) <0.91x4.5x10°=4.1 x10° @ 95% CL,
which is close enough to the recent theoretical prediction

FOpwuii llernos, 24 Jlexaops, 2013, ITUAD 20



Fragmentation ratio calculation

d Fragmentation ratio f_/f, is measured at LHCb with hadronic decays
B, »D'K*and B —»D,n* and B, —»D=*and B, -»D- "

Phys. Rev. Lett. 107 21(2011)
and semileptonic decays: B, D, Xp and B —D*Xp
Phys. Rev. D 85, 032008 (2011)

O Computed average f, _0.267+002 Ihcb-conf-2011-034
f, - ~0.020

O Dominant systematic error from form factors ratio. Need more precise
lattice computation



Physics motivation: mSUGRA model

Q Br(B,— p*u ) behavior restricts the possible region for the mSUGRA model parameters

Bl i A0, LoD
ecid M ---I_,_ i | B ke
ki ll A tanfi=40
L ;
s Lo
800 (% 3 O 3
s r- e
= = g-2exp. o
oo, LR : s
-y e restrictions Higgs mass
z c | I -
% 600 i‘_'h_',ﬂ, jﬂ:' aji-:llxlﬂ_‘"
= E“L“ L‘1_1' _g‘ \
B W PRL 108, 231801 (2012)
400 : \ | Br (B;— p*p) <4.5x107,
LHCb

Eaas o
200 (s el con A B
200 400
m, ,[GeV]
O The last published B,— p*p-search LHCb result already provides restrictions
better than the g-2 (light blue color) experiment

O Higgs mass allows to restrict a possible parameters region too

FOpuii llernos, 24 exadps, 2013, ITNUAD 22




Main backgrounds

bb— p*u X events, dimuon combinatoric background
can be suppressed using different geometric and kinematic criteria

SO

' misidentified muons from B® — mp*v -41.1+0.4 B — p*p 0" - 11.9+3.5 events
in full BDT response and mass range
v" it has a negligible influence to the background contributions under the peak;

v' allow to define better the shape of the combinatoric background

' misidentified muons from By, — h*h-decays

v" contribution from B, —h*h- can be calculated from B, — h*h- MC with

a known misidentification probablity was measured in data

v'The peaking background is 0.76%0-%6_ |- in £60 MeV/c? around the B mass and
4.1*17_, o in £60 MeV/c? region of the B, mass

IOpuii [lernos, 24 [exaops, 2013, ITUAD 23



AN I AN

N O

Strategy of analysis

Selection conditions
v Muon trigger

v' Preliminary selections to reduce datasets size
v Blind signal region 5306 < My, <5426 MeV

Signal and background training

Use B.— u*u and bb—uuX Monte—Carlo
to train the Boosted Decision Tree method

B.— w*u signal calibration
Use the control channel B—hh decays with the similar geometry

Upper limit calculation

Use the signal channel and normalization channel efficiency to calculate the
normalization factor

Use the predicted background and number of observed events with the modified
frequentist CLs method to estimate the upper limit for the given confidence level



List of input parameters for the Boosted Decision
Tree method

O A decision tree is able to split the phase space into a large number of
hypercubes , where each can be identified as “signal-like” or “background-like”

dOutput of a Boosted Decision Tree is combining a decay geometry, B
meson life time and kinematical information. The phase space in the analysis
Is defined by input parameters:

Transverse momentum of the B, - meson
Minimum muon transverse momentum
Cosine of the B, polarization angle

B, meson impact parameter

Minimum distance between muon tracks
Muon track impact parameter significance
Muon isolation

B, meson isolation

B, life time

AN N N N NN Y NN



Normalization channels

O To calculate the B.—p*u branching ratio we need to know the total number of B,
mesons and next to use this number for the normalization
1 2 normalization channels used

Evants | [ 10 MaWic® )

L]
L]
4200 S350 L300 5350 - a_._,/ X\L .
Eplus_JCMazs 20 5200 “mm(hh) lMtV"c?pm
Normalization channel branching Fragmentation ratio fs/fd = 0.25620.02
+ SEL/IREC TRIG|SEL AT
BR = DRy x ool ol e Napn
— Ptleal & "o o S SELIREC TRIG|SEL Fro N — Cleal X LVB—ptp~
en €. € . B i Veal
s1g s1g 81 q
Calculated from MC Measured from data Number of events in normalization channel

Q Averaging of the 2 normalization channels gives us for the 1 fb-1:
a(B—ptp) =2.52 +0.28 x10-19, a(By—ptw) = (6.45 £0.30) x1011

IOpuii llernos, 24 Jlexaops, 2013, TIAD 26



Extraction of the limit and branching ratio

np mass — BDT response plane

TN

LHCb
., Preliminary7
AT\ S. [ - Ao eeeeemeaeaee s
—_——— — —'— 4 mass window
Pttt 1+ .. ] Mgt 60 MeV
LI =
0.8 1

BDT

O The CLs analysis was performed in 2D space for the BDT response and dimuon invariant mass.
The BDT response for the combinatorial background is extracted from a fit of the dimuon mass
sidebands in each BDT bin

O For the each observed event we calculated a probability to be compatible with the Signal +
Background hypothesis or only Background hypothesis as a function of the branching ratio. To set a
limit we excluded the assumed branching ratio value at a given confidence level

LThe comparison of the distributions of observed events and expected background for the 2012
dataset gives p-value (1-CLb) of 9 x10*. We have observed an excess of B;— n*u- candidates with
respect to the background expectation with a signicance of 3.3 standard deviations.

FOpuii llernos, 24 exadps, 2013, ITNUAD 27



LHCb upper limit with 2.1 fb-! 2011+2012 data

“First evidence for the decay B,— p'n

Accept. by PRL December, 6, 2012
hep-ex > arXiv:1211.2674

14

I-J
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f'E B .
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- - ]
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ot 4

) ﬁpm:u
m,- [MeV/ic-]

Dataset  Limit at 90 % CL 95 % CL
2012 Exp. bkg+SM 8.5 1071 10.5 x 1071
Exp. bkg 7.6% 1071 0.6 10717
Observed 10.5 % 1071 12.5 % 107
201142012 Exp. bkg+8M 5.8 x 107 7.1 % 107"
Exp. bkg 5.0x 1071 6.0% 1071
Observed B.0x 107" 9451071
_3" 1 I T I 1 T T I 1 T T I T 1 T I T T T I T T T |
=~ g‘ LHCE
0.8 1.0 fo{TTeV) +1.1 7 '(ETeV) _|
[, i
0.6 \ —
B ect. limit (bkg+SM) 7.1x10-1° (93% CL)
04 . —
- Observ. limit 9.4x101° (9596 CL)
02| ~ -
- '\..“ -
‘l-._‘ -
‘-"'I— -
0 | | [ e e ey S NI

04 06 08 1 12 14
B(B" =y U107 ]

Combination for 2011 and 2012 years data gives the
3(stat) Toa(syst)) = 10

result ,

B(BY) = ptu~)=(3.213
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Physics motivation: MSSM models

d B, — p*p branching ratio can be very sensitive to the SUSY diagrams
contributions. Two Higgs-Dublet (2HDM) model provides a big contribution in
the region of large tan 3

BR(SUSY) « BR(SM)- "o (BN A)

HO

O The indirect B,— p*u- search restriction power for SUSY parameters (blue
regions) can be comparable with the results of direct SUSY searches (gray region):
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Impact to CMS5M parameters

CMSSM - tan f=50, .ﬂ.uﬂﬂl
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d B, —p*u branching upper limit and experimental branching ratio
restricted the big enough region of possible parameters magnitudes at the
large magnitudes of tan(B) for the constraint MSSM (CMSSM) model
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