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Mownck peakoro pacnaga B, ;— p*p . CoBmecTHas
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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

LHCDb Integrated Luminosity pp collisions 2010-2012

Delivered in 20 ): 2.209 /fb I.Jj:_a

E 12 (4 TeV):
2 . Recorded in 2012 (4 TeV): 2.082 /fb
E Recorded in 2011 (3.5 TeV): 1.107 ifb /I
Recorded in 2010 (3.5 TeV): 0.038 /fb /?
Poni
A =

0 2011 rox , HaKOIICHHAS MHTETPAIbHAS
ceerumocts L =1 fblopu Vs=7 TeV

[ 2012 rox, , HaKOIUIEHHAS 7
MHTErpagbHas ceetumocth L =2 fbt ol
npu Vs=8 TeV, s dexrrBHOCTS HabOpa E %)
maHaberx >90% s T TR NUNE ISR URN VS S

Integrated Luminosity {1/fb)

A

[ 2015 rox, , HaKOIUIEHHAS 362.75 Ipb
uHTErpanbHas ceetumocts L =0.32 fbl 320.66 /pb

npu Vs=13 TeV, s dexTrBHOCTD
HabOopa ma"aHbix ~ 90% o

0.2

O [TapameTpsl HMEIOIIKE OTHOIICHHE K
perucTpaly MIOOHOB: e

|
Sep15  Nov 15

ul 15

" 3(dEeKTUBHOCTD UASHTH(PUKANN MIOOHOB : &(1) ~ 97% ; numroonsl ~ 90%

" BEpOSITHOCTH HempaBuiIbHOHN naeHTHGuKanuu £(h—p)< 1% for p>10 GeV/c

" paspemenue mo umMnyiascy.: Ap/p=0.4 % at 5 GeV/c to 0.6 % at 100 GeV/c

»  pmmakT-napametp : 6(IP) =25 um (pT=2 GeV/c) u o(IP) =20 um pT>2 GeV/c
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OcobeHHocTn paboTtbl LHCb B RUNII

® B Runll gaHHble nocne npoxoxaeHua Tpurrepos LO n HLT1 (hardware and

software triggers) 3anomunHatoTca Ha AMCKax (EMKoCTb AUCKOB neTabamTbl).
3atem MHPoOpMauUMAa HemeasieHHO ncnoabsyetcsa ana “online” Kanmbposok,
N Noc/ie NPOXoXaeHnA nocneaHen rpynnbl Tpurrepos (HLT2) gaHHblE
MCNONb3YIOTCA ANA NpeaBapuTenbHoro pmsmnyeckoro aHanmsa “online” .

 Jlanee paHHble POPMUPYIOT ANA 3aNUCK HA JIEHTY TaK Ha3biBaembin “Turbo
stream”, noTok mowHocTbtlo 5 kHz, B TO Bpemsa Kak NOMIHbIN NOTOK AaHHbIX
NOCTynatoLWwmnm Ha Hakonutenb coctasnsaet 12.5 kHz . 3anuco yxe
OTOOpPAHHbIX ANA KOHKPETHOro GU3MYECKOro aHan3a cobbiTui no3sonseT
MOMEHTA/IbHO aHANM3MPOBATb KAYEeCTBO NOJIYYEHHbIX SKCMEPUMEHTANbHbIX
AAHHbIX

* [lepBble gaHHble ana 13 TaB 6bbian npoaHanmM3nMpoBaHbl ncnonb3ya “Turbo
stream”. U3yyana D n J/psi Me30HbI ObIS1I0 NOYYEHO CEYEHUA POXKAEHUA CC U
bb -nap: o(pp — cc) = 2940 +3 + 180 + 160 ub N 515 £ 2 + 53 ub COOTBETCTBEHHO.

IOpuii [lernos, 24 [exaops, 2015, ITUAD 5



BBenenme. [IarpaMMbI IMHIBUHA 11
pacriazos B-me30HOB

* B oruunm ot skcriepuMerToB CMS 1 ATLAS skenepument LHCD
MMEET JCJIO C KOCBEHHBIC YKa3aHMs Ha CYIIECTBOBAaHHUE HOBOM (PU3MKH

» CranmaptHas Mozenb 3anpeniacT U3MEHSIOIIIE
apoMar kBapkoB HelTpanabHble TOKH (FCNC)

= FCNC MoryT OBbITh BBEJICHBI JUarpaMMaMy IMMHTBUHA C
OJIHOM METIEN
* Ecmu pacniang B-Me30HOB MOXeET OBITh peann30BaH

TOJIBKO 49CPEC3 AuarpaMmbl IIMHI'BUHA, 9THU pacCllaJbl

MOTYT OBITh UYBCTBUTEIbHBI K HOBOM g)mm(e
= [Ipumepsl Takux pacnanos B.— p'u, B—K*u 'y, B,—K*y, B.—oyn

T.J. MHorue u3 mogoOHBIX PACIIaJoB MOT'YT OBITh H3YYCHBI C TIOMOIIBIO
LHCb nerexTopa

FOpwii lernos, 24 [lexadps, 2015, ITUAD



[MpoBepKa CtaHgapTHoOM Moaenun B pacnage
309 K*O,ll+,ll'
SM penguin diagram NP penguin diagram - =
pt I\é‘ - >

P'_ \“'_\. £ x'\l‘-u_‘ I
Pacniag MOXET OBITH MMOJTHOCTHIO OMMUCHIBATHCS 3 |

yIJIAMU U UHB. MAaCCOU 2W: G = (6, 6, 6) and ¢% = m? ————————————————r

[TITN% C ]
WccnenoBanue yIrioBbIX XapaKTePUCTHK i3 LHCb E
pacmaga BO—K*0u* mokasano otnuune or CM e SM from DHMY -
B wactHOoCTH, U1s Habmomaemoii P’ (oTHOIIE- of*-+ l —
HHUE€ KOMOHWHAIIMKA CIIMHOBBIX aMILIUTY/) S I e
IKCIIEPUMEHTAILHOE 3HAYCHUE B JUAIIa30HE 2_ _
KBaJparoB Macc ™t -mapsl ot 4 - 8 I'vB?/c4 D T
JECMOHCTPUPYET 3HAYUTCIBHOC OTKIIOHCHHEC g [GeV7/c?]
I moGanbHbBINA (DUT BHITTOJHEHHBIA C YYETOM BCEX arXiv:1512.04442
HaOroqaeMbIxX 1aét oTkioHeHue ot CM Ha (otocnana B JHEP 14 nexaGps)
ypoBHe 3.4 G P = Ty DHeREET
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OtkpeITHe pacnaga B,.—2u B 3KcriepmMeHTe
LHCb. CoBmectHas nyoamkamms LHCb u CMS
B >XypHasie Nature (Nature 522, 68-72, 04 June 2015)

* []env uccnedosanuit — T€CT MPUCYTCTBUA HOBOM (DU3UKH, HAIIPUMED
SUSY (cymepcuMMeTpHYHOE pACIIUPEHUES CTAaHAAPTHON MOJICIIN)
MOXKET YBEJIIMYUTh BEPOATHOCTE pacnaaa B.—2p.

B CranpapTHOM MOJI€IN HEUTPAIbHBIE TOKA MEHSIOIINE apOMaThl
KBAapKOB CHJIbHO MOJABJIEHBI, TAK 4TO AuarpamMmMbl CTaHAapTHOU
Mopenu naroT BEPOSITHOCTh PACaoB !

B(B,—2p) = (3.66+0.23)x10 1 B(B,—2p) = (1.06+0.09)x10-10 .
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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*11, , (stat) ) 10 (4o) ; B(By—2p)=(3.724,, , (stat) ) x10-10
or B(By—2u)<7.4x1010 at 95% CL.

[Opuit llernos, 24 Jlexaops, 2015, ITAD 9



Weighted (with w =S,,/(S,,- + B)) distribution of the

dimuon invariant mass, m,, ., for all categories

CMS and LHCb (LHC run [)

60— —— Data
= — Signal and background
[— 0 =

50 [ 1Bs—>un

—4— [ 80w

— = = Combinatorial background
o M e Semi-leptonic background

— — Peaking background
30

20

Weighted candidates per 40 MeV/c?

10

I||II||I|II,'||II|

B T T e e I

My (MeV/c?)

Nature 000, 1-5 (2015) doi:10.1038/naturel14474
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Likelihood contours in the B(B%— 1) versus
B(B°.—uf1r) plane.

CMS and LHCb (LHC run 1)
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B(B,—2u) = (2.8+0.7 -0.6) x 10, B(B,—2p) = ( 3.9+1.6 -1.4) x 1010
B(B%— 1), 1.20 from SM, B(B%—u* 1), 2.2 from SM

nature

Nature 000, 1-5 (2015) doi:10.1038/nature14474




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)
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NpeunsmoHHoe nsmepenme |V, |

Nature Physics 11, 743-747 (2015)

T

=  JJIEMEHT MaTpHIbl KBAPKOBOI'0 CMCIINBAHMS ‘

- S
(CKM-marpuma) V,, ABIseTCS HAUMEHBIIUM X 7 — T
(0 aMIUTMTY/E) U SKCIIEPUMEHTAIbHO o B oot
M3MEpPEH ¢ HauOOJIbIIIeH OTHOCUTEIIbHOM 5 _
norpenrHocThio [V ,| = (3.28 £ 0.29) x 1073, 4

V| = (4.41 £0.15701%) x 10~ (b—>ulv, ) 3

= Pesynbrarel 5xcnepumentos Belle w BaBar jna - 5 — ool
IBYX KJIACCOB U3MEPEHUM: UHKIIO3UBHOZO, &
KOT/Ia U3MEPSIOTCS BEPOATHOCTE hb—ulv, mepe- ~ Nature Physics 11, 743-747 (2015
XOJIOB M 9KCKI03U61H020 (Hal-p: BO_’TLN'V#) 13-3a pa3HbIX 3HaUeHUi criHa B-
PacxXomsATCs MEXIY COOOi. ME30HOB U A O-runepoHa

*  PacxoxaeHnue MOXET ObITh 0OBSICHEHO TTOJTy YUE€HHBIH|, pE3yIIBTaT, UMEET
BBEICHUEM HOBOM YaCTHUIIbI, C UCITYCKAHUEM APYTYI0 3aBUCMMOCTD OT BKJIaZla

KOTOPOM MOT'YT OIPOUCXOJAUTh b—u nepexoApl. | TaCTHII HOBOU (u3HUKH (3eNCHbIC 1
LHCDb npennoxuin HOBbIH (9KCKIFO3HBHBIN ) GuoneToBEIe MONOCH! Ha PHCYHKE)

MCTOX, OCHOBAHHBIM Ha HN3YyYCHHU pacCliaaa

0 . Wl B(A) = puv,) ) . - -3
Ab —>pluvﬂ C TVl T B = A(._I"_FH}RFF. Pe3y_]'[I)TaT_ (O Vsl = (327 £ 00152 0.16 £ 0.06) = 10

FOpuwii Lllernos, 24 [exadps, 2015, [TNAD



OOHapy:XKCHUE pe30HAHCO8 B CUCTEME p J/y
(nenraxsapka) B pacraje A, —K p Iy

OmauM n3 ocHOBHBIX goctimkern LHCD
2015 rogy crajio OTKpBITHE PE3OHAHCA B
cucteme P J/y , komopoe unmepnpemu-
pyiom Kak TICHTaKBapK.

Nsyuascs pacnan A, O-runepona (udb) xa
npotoH, K-me30H u J/yw(u* i)

Pacnag ugér ¢ oOpa3oBaHHMEM IPOMEKYTOU-
HBIX BO30YKIeHHBIX A(UdS)-pe30HaHCOB
AL—J/ A" (—pK°). Tem He MeHee, TaHHbBIC
CBUJICTEIIBCTBYIOT O HAJIMYUH JIPYTOTrO
kaHana pacnana A .>—>K Pt (—p J/y),
Korja oopasyercs HoBas yactuma (P.*)

(@ Yy © (u}K_
{ ﬁ { _»% }Pc

IV P ——
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Phys. Rev. Lett. 115 (2015)
072001 (urons 2015)

JIBa OTKPBITBIX COCTOSHUSI UMEIOT
macchl 4380+8+29 M»B u
4449.8+1.7+2.5 M»1B.

[ITvprHBI COCTOSHUM COCTABIISIIOT
205+184+86 M»B u 39+5+19 M»aB
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[ToncK O4dPOBAHHbIX MEHTAKBAPKOB

B03MOXHOCTB CyIIIECTBOBAHUS IIEHTAKBAPKOB -TUIMOTETUYCCKUX YaCTHII,
COCTOSIIIIUX U3 MSATH KBAPKOB, MPEJCKa3biBalach MHOTMMU (PH3UKaMU, B
toM yucne JI.U. [IpskonoBeiM , B. IO. IlerpoBeiM, M. B. I1oagakoBBIM.

B wactHocTH, [l. 1. JIpSIKOHOBBIM OBLIO IPEACKA3aHO CYIIECTBOBAHUE
OYapoOBaHHBIX U “‘Deauty” meHTakBapKOB, TJC OJHUM U3 5 KBapKOB
seasieTcst “‘C” unmu “D” — kBapk cootBercTBeHHo . (cuddsbar) , B.**
(cuudsbar), B,° (buddsbar) , B.* (buudsbar), Tak HaseiBaembIX [3
O0aprOHOB_arXiv:1003.2157

ITouck ouapoBaHHBIX ITEHTaKkBapkoB [." u [.*" BO3MOXKEH B KaHajax
pacaza B;* — p + o(K*KY) u B, — p + o(K'K) + ¥

bbl1 BBINOIHEH NPEABAPUTEIBHBIN aHAIN3 YKCIECPUMEHTAJIbHBIX JaHHBIX
noydeHHBIX LHCD B 2011 1 2012 romax. JlocTurayra 9yBCTBUTEIIb-
HOCTb K BEJIMYMHE HUKHETO Tpejiesna JjIs CEYCHUN POKICHUS 04apo-
BaHHBIX IMIEHTAKBAPKOB OllcHEHHOro JI. /[pSIKOHOBBIM B paboTE
“Prediction of new charmed and bottom exotic pentaquarks”.

[Opuii Ilermnos, 24 [lekaOps, 2015, [TUAD 16


http://arxiv.org/abs/1003.2157

CoexTp HBapuaHTHBIX Macc p+¢ [1020] (K*K)

Xic_M| DATA_1_2

L T o s P 33933 AN/ AY (c-baryons)
2500 — Mean 2334

- A+ 1 AN/AY(B-baryons)
g ¢ LHCDb preliminary 3 <10

- ] (arXiv:1003.2157)
1500 [ —

: ] DCS F,g= 400
Iﬂﬂﬂ_— —]

- — 4 ]
cw 1 0

- 5}_ ] Bxananep+ ¢

n 1 1 1 1

Vs _
!‘ f
% -r""S
Vus u
. u
d

CS

gl
NIR
:

0 N(E.)/N(B.")>25

5 5 + 5
-0 Be v 0

- 5 CS :

¢ Ved v Vo
d . u P

P
Ll . e
DCS - CF
FOpuwii Lllernos, 24 [exadps, 2015, [TNAD 17


http://arxiv.org/abs/1003.2157

l/lstv\epeHme OTHOLWEeHWA BbIXO40B
B[=.*>p + d(K*K)] / B[= .F > +KY (K-t *)]

B AaHHbLIN MOMEHT N3MepeHO OTHOLLEHNE BbiXoaa
rmnepoHoB =." kaHane p+@(K*K") K BbiIxogy B kaHane
p + K¥(K-m™)

Kanan =_* -p + K¥(K't*) ncnonbayetcst Ans cpaBHEHUS
noBeaeHns OTHOCUTENBLHOro Xo4a cevYeHnn
Llenb namepeHnmn — cea3atb HEN3BECTHYH BEPOATHOCTb
pacnaga o4apoBaHHOro KackagHoro runepoHa =*—~p + @
C W3BECTHbIMU BENTMYMHAMU CEYEHNS N BEPOSATHOCTU
pacnaga ansa = .f - p + KO(K-mt*)
Blpp(K*K)]/B[pK?*(K-m*)]=0.032 +0.001(stat.)* 0.003(syst.)
Pe3ynbTatbl U3MeEpPEHNN AOoKNaabiBanucb Ha COBELLAHMAX
pabouunx rpynn n konnadopauun. NoarotoBreHbl Hay4YHasa
HOTa N CTaTbsA, NPOBOAUTCH IKCMNepTU3a U3MEPEHUN.

[Opuii Ilermnos, 24 [lekaOps, 2015, [TUAD 18



N3yyeHne ceveHUn poXaeHUS
O4YapPOBAHHbIX TMNEPOHOB.

B 2014 rony coBmectHO ¢ puzukamu MTID Oblna Havara
paboTa o AKCHEPUMEHTATIBHOMY U3MEPEHUIO OMHOUEHUS
CceueHUU NPAMO20 POAHCOEeHUs N1 O4aPOBAHHBIX THIIEPOHOB:
A%, 4,(2595)*, 4,(2625)* u X **0
* IlpenBaputesibHbIC TaHHBIC IO OTHOIICHUIO CEYECHHUM POXKICHUS
OBLIM TIOJTYYE€HBI B IMAIIA30HE MOMEPEUYHBIX UMITYILCOB THIIEPOHOB
ot 3 10 20 I'3B/c u osicTpoT Y=2.0- 4.5 npu sHEpruu
CTAJIKMBAIOIIMXCA TPOTOHOB / 1 8§ THB
* (OcHOBHas CJIO)KHOCTb JaHHOW PabOTHI COCTOUT BO-TIEPBBIX B yueme
GNUAHUS (POHOBOL KOMNOHEeHMbL OT pactaga b-aapoHOB, a TAaKKE B
onpeaeseHnu 3(PGHEKTUBHOCTH CUTHAJIA C YUYETOM HMCHOJIb3YHOIIUXCS
KOHKPETHBIX TPUITEPOB.

[Opuit llernos, 24 Jlexaops, 2015, ITAD 19



M3yyeHne cBOMCTB 0O4apPOBaAHHbIX

rMNepoHoB

Haxomnennsie nannbie B RUNI, B
YaCTHOCTH, O3BOJISIFOT YIIYYIIUTh

lel()

PasHOCTh MOIOXKEHUS ITUKOB
20(/1 T)n 2t (/1 )

U3MEPEHUS pa3HOCmen Macc 04apOBAHHBIX
TUTIEPOHOB

01g
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3aKan4yeHue

JlecsaTuieTns uccien0BaHnui 3aBEPIIUINCH OTKPBITUEM pacmana B.—2p.
M3mMepena BeIMYMHa BEPOATHOCTH pacraaa

B(B,—2u) =(2.8+0.7 -0.6) x 10, B(B;—2u) = (3.9+1.6 -1.4) x 101
B Kanane p + $[1020](KK) gocTUrHyTa 4yBCTBUTENbHOCTb K HUKHEMY
npeaeny ANA ce4eHUA POXKAEeHMA O4apOBaHHbIX MeHTaKBapkos B *, B

NPeAnoNOXeHUU, YTO BPEMA U3HU He OTINYAIOTCA PaANKaIbHO OT
BPeMeHU Xu3Hn = " bapnoHa

N3mepeHa OTHOCUTEIbHAA BEPOATHOCTb pacnaga O4apoOBaHHOMo
KackagHoro 6apuoHa = .* - p+ $[1020] MNoprotosneHa Hay4yHasA CcTaTbA,
NPOBOAMTCA SKCMEPTU3a USMEPEHUN.

JKcnepumeHTaIbHO Hab/1t04a10Cb HECKO/IbKO AECATKOB pPacnajos
o4YapoBaHHbIX runepoHoB = 0, A* 1 X0 n nx Bo3byKAEHHbIX
COCTOAHUW. N3y4atoTca nx cevyeHus PoXxKaAeHUa, YTOYHAOTCA MAcCChil.
Heobxoanmo 3ameTuTb, YTO MHOIO pacnagoB Habawaanochb BNepsble

(=5 =2 p+ d[1020], = A**+K u =*-> A[1520] + t* n TaK ganee).



C HoBbIM romom!

Y = B2

i,

© 20004
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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
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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
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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
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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
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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
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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.
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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
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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

FOpuii llernos, 24 ekadps, 2015, ITNUAD 35



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) oc BR(SM)- m, ‘(tjn )

hO, HO, A° m
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):

Non-
Universal
Higgs
Mass model

NUHM1

0}U 700 200 300 400 500 600 700 800 9001000 °
M, [GeV/c?]
[Opuit llernos, 24 Jlexaops, 2015, ITAD 36



Impact to CMS5M parameters

CMSSM - tan f=50, .ﬂ.uﬂﬂl

B,—supu
Bl A K lowd?
B,—upu

- BR(B — K ) low g?

MS 1.1 fb!
CMS 4.4 fb!

| 500 1000 1500 2000 |
mhz [GEV] - D. - TV

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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