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Quick history of classical physics

Kinetic . , Light .y
Newton's theory of Conservation Coulomb’s interference, 2" law | Maxwell | | Statistical
laws heat of energy law diffraction thermo |equations| |mechanics
XVII century XVIII century XIX century

Classical Physics

THE

LONDON, EDINBURGH, anp DUBLIN Michelson-

PHILOSOPHICAL MAGAZINE Ultraviolet Morley
AND catastrophe experiment

JOURNAL OF SCIENCE 4
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Michelson in 1894 'SIXTH SERIES.

JULY 1901.

“It seems probable that most of the grand L Miterth Costry Cloude v the Dyl Theon o
. . . GO0, D.CLy LLD., F.B.S., MR.T. 1. ’
underlying principles have been firmly
established...
An eminent physicist remarked that the dynamical theory, which asserts heat
future truths of physical science are to be A

S 8 and light to be modes of motion, is at
] th ] & A %)
looked for in the 6™ place of decimals AR  present obscured by two clouds

4N

Lord Kelvin in 1901

“The beauty and clearness of the
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https://books.google.com/books?id=HysXAAAAYAAJ&pg=PA159#v=onepage

®e Quick history of modern fundamental physics
G [ T

. physics
Ultraviolet M]"%%“z)o,"' Special Schrodinger OED Higgs OCD wW/Z Top Higgs
catastrophe._ experiment Relativity equation mechanism bosons quark discovery
XIX century XX century XXI century |
Classical Physics Modern Physics 5

Quantum Field Theory Standard Model of

General + article physics
Relativity ~ SUR) x SU(2);, x U(1) g i

symmetry Most precise and comprehensive
¢ theory in the history of mankind
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Higgs 2

2

= (0.001 159 652 181 606 (230)

SM Atoms 7. 28 (2019)

g, — 2
2

= (0.001 159 652 180 73 (28)

eXp Phys. Rev. Lett. 100, 120801 (2008)
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http://dx.doi.org/10.1103/PhysRevLett.100.120801
https://www.mdpi.com/2218-2004/7/1/28
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https://arxiv.org/abs/astro-ph/9909252
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Direct searches

Colliding protons hard
enough, we produced
Higgs bosons at the LHC

CMS 138 b (13 TeV)
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supersymmetric particles

Indirect searches

Compare precision SM measurements to
. predictions looking for new virtual contributions

New physics in heavy quark decays? Challenges to LFU and future prospects

For instance, the study of the decays of neutral
kaon mesons (~ 0.5 GeV) predicted

| *The charm quark and that its mass was ~ 1.5 GeV
l * The bottom (4.2 GeV) and top (173 GeV) quarks

At LHCb, we focus on measurements that
give us access to mass scales beyond the
reach of current particle accelerators




Focus on Flavor physics

Color

v

“The term flavor was first used in particle physics in the context
of the quark model of hadrons. It was coined in 1971 by Murray
Gell-Mann and his student at the time, Harald Fritzsch, at a
Baskin-Robbins ice-cream store in Pasadena.

Just as ice cream has both color and flavor so do quarks.”

RMP 81, 1887 (2009)

Flavor

000000
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https://www.mashed.com/462408/the-most-popular-ice-cream-flavor-might-surprise-you/
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.1887

2. The machines

Belle I

Electron
“ Gun

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-1l and BABAR
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B factories

Accelerator Lab Country From

BaBar
Belle KEKB KEK Japan 1999 2010
Belle Il KEKB KEK Japan 2018 ~2035

Optimized for clean ete™ — BB production

Electron

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-I1 and BABAR
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” Posit
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(new
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B factories

Accelerator Lab  Country From Since 100% of e Te ™ collision energy goes
to BB, can reconstruct v 4-momentum

Belle
Belle |l

KEKB KEK Japan 2018 ~2031

QQQQ
un

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-Il and BABAR
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The Large Hadron Collider

~ 27 km rings colliding protons

O iy By W M S s s = CERN laboratory in Geneva, Switzerland

~ ¥41as ATLAS and
= Discovered Higgs boson in 2012

= Direct searches for new physics

~ &8 | HCb

= Precision flavor measurements
= Indirect searches for new physics

[ - L e e g v ; " w o =

v e e e ’ % : e Yo =3 > . c -y

T 0 IS . *..‘_ ’ = . g A v — 4

- ol S - — —— v

oy, s e TR e 0N -
r - . Y e ey Dty 5 N
= 1 - ¥ - o e
-~ LHC> 27k = - % - 2 HLICE I C e
e ol -
B

5 e

Proton proton (pp) collisions at 13 Tera Electron Volts, ~ Heavy lon measurements

f«f ighest-energy particle accelerator ever = Focus on quark-gluon plasma
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| HCb collaboration

~ A large collaboration
= 25 countries, 105 institutes, 1808 members

A : A et By e Y J-f =
: ; e A uf;,,, iy #5% CERN Riéyessin
SUISSE_ ___——~ g . s e e SR Lo
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= Currently 8 institutes, 82 members
+ Significant growth in the last years

. > — - t b
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> Los Alamos
NATIONAL LABORATORY . - UNIVERSITY OF
EST.1943 MICHIGAN
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Lk The LHCb detector

Calorimet Muon stations Cb
alorimeters M5
~ 100k b-hadrons per secona o moaLy, W
ECAL —
—_ . . T-layers E— )
= 25% ot bb with 4% of solid angle S
- | Acceptane |
/s =8 TeV
Bg 6 -4 -2 0 2 4 6 8 .L
= Neutral particles only seen in "
. uon
Ca|0rlmetel‘s VELO TT Magnet T-layers ECALHCAL stations

= Charged particles leave charge Photon » sssme=snnsans

. : Neutral hadron ==ssss=sss=2s=»
deposits in trackers
Electron s '3

+ Momentum from magnet bending  Charged hadron ——siss/ sqltp—s

Muon rkx T W
*

= Muon station are trackers
shielded by steel
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sk Vertexing is key to LHCb

How do we make sense
of this mess?

LHCDb Preliminary —e— Data
9 fb! —— Total

~ B mesons lifetime ~ 10712 s

= Most other particles have ~ 107! s

BDT =0.5 —— B—utu

0 -
— B —=u'u

—— BJ—u'uy

X,—huv,

~ They can fly cms before
decaying thanks to large
speed and time dilation

Candidates / ( 27.5 MeV/c?)

~ Superb vertexing by VELO

= Can reconstruct decay vertices with 13
um resolution in transverse plane
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M@ B oscillations: the most beautiful plot €

Find decay time with b u,c,t N
distance between vertices K+t N0 . +§ % _ . 0
0 - b |14 |14 b
and B, momentum \ D~ Z: K_ s\ ) gs
\ ) Sk " S @4,6,1 b
50 bg,,x—"éus)\ ; _
p PV I%,S—"' B (b & — B - D 7t =— BY - BY - D_n" — Untagged
—).$’—
EN ®2500F 444 0 FA& T T T -
Xl;\\ Flavor (tagging) of X7 jj L AN pt Nature Phys. 18, 1(2022) ] ]
gives original flavor of BY = 2000 ]
. ~ 5
With 2nd order perturbation theory and g, 1500 -
R | I 0 — 4+ O :
B — B mixing, easy to show that .BS = D™ 2 1y ;
decay-time distribution 1s given by :
000 "
o Al ¢ : R i
P(t) ~ e "+ [ cosh + cos(Am,t) oF ., T e
2 2 4 6 3
| ps]
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https://arxiv.org/abs/hep-ex/0609040v1
https://arxiv.org/abs/2104.04421

3. LFU
violation in

b — ctv
transitions?




Lepton Flavor Universality (LFU)

SM assumption
-lectroweak gauge couplings to three

Istgen 2014 gen 3rd gen fermion generations are identical
e Z
HIQgs
coupllngs
_9 //t_ﬂ T_

mf
0 Force particles mW

Can test SM by testing LFU

9[1/t 9T
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LFU tests with e/p (1s¥/2nd gen.)

To 0.28% 1n L~
/. decays

= 1.0009 = 0.0028

7 —ee LEP, Phys. Rept. 427 (2006) 257

B(W — ev)
B(W — uv)

To 0.8% 1n

= 1.004 £+ 0.008
W decays

CDF + LHC, JPG: NPP, 46, 2 (2019)

L'y
TV — 1.0016 + 0.0031

FJ/I[/—>€€ PDG (BESIII), RPP, Chin. Phys. C40 (2016) 100001

| % i r
To 0.2% 1n o (1.234 + 0.003) X 10~
| meson decayS I PiENu, Phys. Rev. Lett. 115, 071801 (2015)

T— Uy

Yars
3.1c —K+pup

tension y1.1-6
B—K+ee

— — 0.043
= Ry = 0.84610:043

LHCDb, Nature Phys. 18, 3 (2022)

To 0.14% 1n

g,/g, = 1.0018 £ 0.0014
T — LU

PDG, A. Pich, Prog. Part. Nucl. Phys. 75 (2014) 41
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LFU tests with 1 (34 gen.)

To 0.32% 1n
/. decays

2.606 tension 1n
W decays

To 6.1% 1n
D, decays

_ e e A N

To 0.15% 1n
T — Cvv (with 7))

—
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FZ—>TT
= 1.0019 + 0.0032

I1Z —ee LEP, Phys. Rept. 427 (2006) 257

T
W= — 1.070 + 0.026
FW_)ﬂV LEP, Phys. Rept. 532, 119 (2013)
'y,
Do 9,95 + (.61
FDS—VW

HFLAV, Eur. Phys. J. C77 (2017) 895

g./g, = 1.0030 £ 0.0015

PDG, S. Pich, Prog. Part. Nucl. Phys. 75 (2014) 41
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https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/1809.06229
http://Review%20of%20particle%20physics,%20Chin.%20Phys.%20C40%20(2016)%20100001
http://dx.doi.org/10.1016/j.ppnp.2013.11.002
http://dx.doi.org/10.1140/epjc/s10052-017-5058-4
https://arxiv.org/abs/hep-ex/0509008
http://dx.doi.org/10.1016/j.ppnp.2013.11.002
http://dx.doi.org/10.1016/j.physrep.2013.07.004
http://dx.doi.org/10.1103/PhysRevLett.115.071801
https://arxiv.org/abs/2103.11769

LFU tests with e/p (1s¥/2nd gen.)

To 0.28% 1n
/. decays

To 0.8% 1n
W decays

| To0.2% in
| meson decays

To 0.14% 1n
T— LU

| N
2R 1.0009 + 0.0028
7 —ee LEP, Phys. Rept. 427 (2006) 257
BW
W= er) _ 1.004 + 0.008
%(W — ”1/) CDF + LHC, JPG: NPP, 46, 2 (2019)
FJ/I//—Wt

= 1.0016 £ 0.0031

FJ/I[/—>€€ PDG (BESIII), RPP, Chin. Phys. C40 (2016) 100001

Fit—>e1/ —4
= (1.234 = 0.003) x 10

Fﬂ_)”y PiENu, Phys. Rev. Lett. 115, 071801 (2015)

1.1-6
FB—)K"‘;W

= Ry = 0.95 £ 0.05

1.1-6
B—Ktee LHCb, PRL 131, 051803 (2023)

g,/g, = 1.0018 £ 0.0014

e
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LFU tests with 1 (34 gen.)

To 0.32% 1n
/. decays

To 1.3% 1n
W decays

To 6.1% 1n
D, decays

_ e e A N

To 0.15% 1n
T — Cvv (with 7))

S——

FZ—>TT
= 1.0019 + 0.0032

I‘Z —ee LEP, Phys. Rept. 427 (2006) 257

FW—>TV
= (0.992 + 0.013

Wouv ATLAS, Nature 17, 813 (2021)

F —> Tl
Do o 9.95+ 0.61

I1D — UV
sTH HFLAV, Eur. Phys. J. C77 (2017) 895

g./g, = 1.0030 £ 0.0015

PDG, S. Pich, Prog. Part. Nucl. Phys. 75 (2014) 41
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https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/1809.06229
http://dx.doi.org/10.1140/epjc/s10052-017-5058-4
http://Review%20of%20particle%20physics,%20Chin.%20Phys.%20C40%20(2016)%20100001
http://dx.doi.org/10.1016/j.ppnp.2013.11.002
https://arxiv.org/abs/2007.14040
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803
http://dx.doi.org/10.1103/PhysRevLett.115.071801

Testing LFU

with = u,e
R (D) = R (D) or R (D*)

Any established deviations would be clear
R (DM = 0.296 + 0.004 indications of New Physics beyond the SM

% (D*)™" = 0.254 + 0.005

HFLAV

Very solid SM predictions with
just 1-2% uncertainty
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring25/html/RDsDsstar/RDRDs.html

e Signal vs Normalization

~ The 7 lepton in signal decays can be
reconstructedast™ — £ v v,

W ) 95 (B — D(*)TI/T)
~ Signal %(D( )) = - -
kB - DO (> b)) v 9B (B — D! )fl/f)

~ Signal has same visible particles as
normalization decays

undetectable
neutrinos v

| -

A _
- One Y G
undetectable B / 4
neutrino v norm _ . ¥~

~~
b
=
~~
=

f« Oy

- Normalization
| 3%

Many experimental uncertainties
¥ "
cancel on .%(D( )) ratios

Neutrinos are undetectable, so how do
we tell signal and normalization apart?
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Missing mass at the B factories

Phys. Rev. Lett. 109, 101802 (2012)
1500 F BAB{R —
B i DY i
1000 | =
IR N R P
3 500 1 1%
O B /. ] /1 O
= - B — |G
% I i ~Data D*¢ 1 %
) - | B — Dtv . D)
720001~ OB—-Dw ] |7
- wB — Dl\/ -
i . NB —D lv :
) 1000  § mB =D (/t)yv -
[ | Bkg. ]
i \_ i /
5 fo—> 1 ¢ 5 10
mliniss [GGVA]
B — D*7 ( — fylj) Z B — D*tv 09T BaBar, PRL 109, 101802 ('201'2)' e an o -
[ — babal, , | _
o F i 0450 — Belle, PRL 124, 161803 (2020) Ee::e,|FEEF){[S;Z{1027200:;2402200(12532 =
: [ - ° ° ¢ : | SM redictions — e e ) , 5 : CREATURE CULTURE EARTH HUMAN PHYSICS SPACE SPORTS TECHNOLOGY
(GD) 30 - Slgnal 8 8000'_ NOI’mallZathn 0.4 :_ P —_— _: Baar Experiment '_""_ts at Possible New Physics
g : ) (3 V) : % (1 V) ~ 4E e B A B AR E o infmakimmtldvts it
S 60F ( = 60001 O 035 ]
2 - / .g | + \QZ/ - =
=400 ) | + 540001 03 = \\ —
20F \ 2000 t 025E o = ) =
- ; | | / —]
L 3 i - SM -
i : : : : ] : : : b [ ] 1 l 1 1 1 1 | 1 1 1 ] | ] ] ] ] l ] ]
00 5 10 0=%0 5 10 0.2 02 03 04 05
m2. (GeV?) m2._ (GeV?)
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https://insidescience.org/news/babar-experiment-hints-possible-new-physics

% (D) in LHCb

Phys. Rev. Lett. 109, 101802 (2012) Phys. Rev. Lert. 131, 111802 (2023)
o RNY BaBar i )
200 - Dt 1 N% —— Data (3 fb™h)
: N B 3-D tv
K 00l N f " B—Dtv
O - = o *
O i i 5 B—D"'D X
e TR — j S o
9; 0 = 'w P = - B%D MV
% 150: «§ Comb. + misID
O - )
D 100} 8 Bl 3—D"pv
; 2| B 5-D"uv
50f =l B 3-=D"uv
| S
0 050 5 10
m2. (GeV?/c*)

Estimate P, based on B vertex

and assumption proper velocity
of B and 4 D* along z 1s the same

Cand./ (0.3 GeV“/c¢?)

m2. (GeV?/c*)

miss

Candidates / (3.25 GeV*/ %)
-
N

: - 10 Had to add g~ to fit, and even in
_ ¢ GeVicy  cleanest bin, lots of background
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THCD

B 5—D v “3
" B—Dtv %

B—>D"D X O 20
B B—D uv g

Comb. + misID ;
B B—Duv =
B B—-D uv < 0
B B—>D"uv

[
-

Candidates / (0.3 GeV*/¢%)

Pull

0 5 10
m2. (GeV?*/c%)

miss

Manuel Franco Sevilla

Cand./ (0.3 GeV?%/c%)

Pull

- 103 G°E[9.35, 12.6] GeV¥¢* LHCb

Du-

Dty

N\
0 71939 12.6] Geviier LHOY
L o 0 _
L .,..._;M**D u
I h o
8 > Additional
of
2 .............................
OF
iRp] N e A | | e
i

m?2. (GeV?/c?)

miss

Extremely
challenging
analysis, with
proof-of-concept
measurement of
R (D*) in 2015, and
R(D) — R (D*)
in 2023

0.6

0.5

R(D*)

0.4

0.3

0.2

(10" ¢°€[9.35, 12.6] GeVZ/c* LHCh

m? .
miss

(GeV?/c*)

L e L
— BaBar, PRL 109, 101802 (2012) LHCb, PRL 115, 111803 (2015) _|
— Belle, PRD 92, 072014 (2015) Belle, PRL 118, 211801 (2017)  _
— LHCb, PRD 108, 012018 (2023) Belle, PRL 124, 161803 (2020)
— LHCDb, PRL 131, 111802 (2023) — Belle Il, PRD 110, 072020 (2024) |
— LHCb, PRL 134, 061801 (2025) —Belle II, PRD 112, 032010 (2025)
— HFLAV average Spring 2025 — SM predictions (HFLAV aver.)

O L . S.U.i ! )4. I
0.2 0.3 0.4 0.5
R(D)

2 Ey10? ¢PE[9.35, 12.6] GeV?/c* LHCh
g e Po‘u_
§ i N Dedicated
s | data
é : control
g L samples to
= ((2)) measure
m:% ....................... bkgs

10
m2. (GeV?/ )
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New result coming soon

——T T [ T T T T [ T T T T [ T T T T T T T T o
~~ ' | —BaBar, PRL 109, 101802 (2012) — LHCb, PRL 115, 111803 (2015) —
Currently working on update based on 0.6 Bamer R e o) Lo PR 115,118 015
I - — LHCb, PRD 108, 012018 (2023) | | -
LHCb s Run 2 data 0 SE/ — LiGh, PRL131 111002 0z e PRL124,161808(2020) -
. . . N LHCo ~ - | Lo, PRL 134, 061801 (2025 — Belle Il PRD 110, 072020 (2024) -
g 2 tlmeS more |umInOSIty = 400 OD]DQ(}Z\;IzO)_ | e ~ \ —Belle Il, PRD 112, 032010 (2025) & LHCb muonic Run 2 projection
. . — . = D’(2600) Y, 0.4 — '— SM predictions (HFLAV aver.) = —HFLAV average Spring 2025 ]
- 2 times higher bb cross section |: D274 - -
S 200 Ky, D750 - | - -
= 50-100% higher efficiency © 0.3 , >
+ Better trigger, selection s T N 380 —— -

m(D "), [GeV] ' 0.2 04 0.5

R(D)

~ Update will have 5-10 times more B
mesons than Run 1 result!

= \Working on refining background model to take
advantage of high statistics

Extraordinary claims require
extraordinary evidence

Even if we reach 36 in the challenging

~ Potential to become best
measurement in the world

= Depending on final systematic uncertainties

need a correlated pattern

bevond &£ (D(*)! to believe

R (D(*)) measurements, we will probably

of anomalies
the New Physics
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THCD

~I1f NP in b — ctr, we should see anomalies in related decays

Other b — ctv transitions

= LHCb has access to b-hadrons with different spectator quarks

A (Xb — XCTI/T)

B (X, > X.Lv,)

, R(D)), and ZB(AL)
have many uncertainties
uncorrelated with Z (D)

We will need much
larger data

samples to access

RD") RD)
0,+ b 0 b % (XC)
B+ @ — B €
i,d S
R(AL)
¢ : 0 :
A, Bz
1}
)= e Proof-of-concept
R(D*) ] ¢ PRL 120, 121801/ (2018) measurements Of
R(J/¢) = ® 3
R(A+) ] ° PRL 128, 191803, (2022) a’nd '%(Ag ))
00 05 10 15 20 =25 30 a5 40 already published
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all LFU ratios as
well as kinematic
distributions
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http://dx.doi.org/%2010.1103/PhysRevLett.120.121801
http://dx.doi.org/10.1103/PhysRevLett.128.191803
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Optimistic
LHCDb unofficial

RMP, 94, 015003 (2022)

Data sample up to year

4. Building the UT and future
prospects with upgraded LHCb


https://arxiv.org/abs/2101.08326

s | imitations of LHCb until 2018
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https://www.nikhef.nl/~pkoppenb/particles.html
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~ 9 {b-1 (450 billion B mesons) -~

Upgrade |

Upgrade 1

— (0al: 50 fb-! (2,500 billion B mesons) ~—~———gp

40 MHz

PP
collisions

Detector
readout

Upgrade 1

CERN-LHCC-2012-007

0100 kHz) [0 (10 GB/s)]
Events on disk

Run 1 L.S1 Run 2 | Run 3 L.S3 Run 4
2011 2012|2013 201412015 2016 2017 20182019 2020 202112022 2023 2024 2025 20261(2027 2028 20292030 2031 2032 2033

[ Runs 1 and 2

uns 4 3 new trackers: Pixel VELO, UT, SciFi
40 MH . .
/ Sl 12.5 kHz (0 6 GB/s)
pp sEUOWEIEY Detector @SOINEIEY FEvents on disk

— COHiSionS readOUt Calorimeters B M5

M3

1st hadron collider detector with no HW trigger!

All electronics upgraded to send every hit to
flexible software trigger (GPUs + CPUs
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http://cds.cern.ch/record/001443882?ln=en
http://cds.cern.ch/record/001443882?ln=en
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UT readout electronics

~ Readout chain .
= Stave — Pigtail = Backplane — DCB — Fibers = LHCb DAQ

~ Precise voltages/currents
provided by LVRs # o
ense lines

= Remote sensing accounts for monitor voltage
(no current)
Volt. drops on cables

Power cables LV bl
carry current

ll Master VTRx

GBTx

LHCb DAQ

Fibers Tell40/Sol40

3 6xData
<« GBTx

S
O
7
-
@
7]
c
O
Ig
7p

Flex cable Backplane
+—Staverm—m—eh
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270 DCBs

Rad-hard slow control and
6x4.8 Gb/s optical transmission

ancillary

Manuel Franco Sevilla

; 1009Z3AME10Z § ey * 7 - ]
8102 ’(r q.n .',’ % v ‘I%?V%%ﬁc’)‘ u()uupee wo |
[0 41U0D puv(;) !,‘“‘ N'VWSDOCFI rfw;o;@ Aitsaaatun ‘ BTX
3{ S ¢ e Y {
7 \ 3k f{ S N Ay Az — 3,

LVRs

295

Precise DC voltages/currents
with rad-hard LV regulator ASIC

|
1_

O

o}

iy

D6
= J14

Lm'.s..:
-6 % L regulamr

il

CII..v

ORORO ) i+

= prvd ;¢ g 2] o
JII’HJ o | 0 ¥ x ' D BRSO VITTTTT { TTT9)
ﬁ g. . | l
IIIIII' > D (" ° | > 1. . ¢

otll}tlik}l 9,
4

ORO

L 3
O 000 O ~ §e
= Oob "nnl"

- £

= : LT
| ..bl

S ottt .

) / 3 )0 oo

oo o

=
Oloo o s o' N2 ne

lll..‘

V. A VY Y W Y D A T || ﬁ‘ll

0
o, (o
e

e bili'v'v /go 010, i(m
o o

¢ i il

unggszuggw

O

0-|uu|°ﬂw> H

® 1/

O
9401

OFIIIHLINO,

UMD's in-kind contributions

0 Back

lanes

Distribution of signals to
balance the data load
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iooooooo

Data output (DCBs)

of these boards was the most challenging?
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TRCD

~ Several design iterations
during 2014-2019 Engineers:

~ Full functionality O'ba"i‘u‘jc';'

validated in 2019 Hamilton

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

LVR 7 > = " DCB . : | @ Stop @ (80.0 Gsa/s |[3.13 Mpts | [

2 | @[so.omv/|-71mv |@DO|

validation ; | rs. .= . validation é »

f
!

. e | ;‘! '\. ;, .“-.

-432ns -332ns -232ns -132ns -317 ns 6.83 ns 168 ns 268 ns 36.8 ns 46.8 ns

Real-Time Eye
55.6094 MUI
13332 Wfms

-312ns -250 ns -187 ns -125ns
/@ (10.0ns/ |[6.83333ns  |@ T O

eSS =" Validation of DCB signal

© DutCyc dist(1) 8% 7.89%

cmu b wan  oquality (eye is open)

© Eye Height(1) 23mv 88346 mV
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DCB and LVR assembly
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2020: trained 10 undergrads

In preparation
for immense
effort of
assembly +
burn in + QA
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1 [/
ek

~ Lab closed March-June
= | ost all undergrads @

~ For several months, could only work on
documentation, software, LVR firmware

= [ | - " —
g . 4 | ~: §\4 o
{{{{{ e, i S~ Summer shifts by

)

grad students,
postdocs,

faculty

= |[n September 4
undergrads returned

(///}

i///

LEVR-firmware
development home
station during

ATy
TR VY
TRANNY
" :\'f, %} 4
E\ 4
Ty A . . A—Q“
\ - !/ -
/ vy /

COVID-19
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e 2021: burn in and shipping to CERN!

~ All boards underwent rigorous burn-in procedure «

= Aim to detect cases of infant mortality

~ Backplanes subject to 50 cold/hot cycles for 23h
~ DCBs and LVRs uninterrupted running for 2 days

Backplane burn in

|

Backplane
Ordered Ordered Ordered
Received Received Received

Burned-in Assembled Set up/QA
Initial QA Set up/QA Assembled

Assembled Burned-in Burned-in

Final QA
Shipped

\V
Final PEPI Shipment en route
- All detector boards and CERN spares

-5/10/10 BP/DCB/LVR spares kept at UMD
for testing and debugging

- Expect to arrive in 1-2 weeks

PEPI and LVR report
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2020-2021: UT infrastructure

UT construction, UT assembly,
infrastructure installation

~ Infrastructure at CERN was set to ramp up in 2020
~ COVID-19 big blow to UT (primarily non-Europe)

= \ery difficult to send people to CERN, limitations to work in the lab

= Delays from contractors

= No senior leadership until 2022
= UMD's Yipeng Sun stuck in China Jan-Oct

~ UT infrastructure in 2020-2021

- Boards received and re-qualified

= Immense cable production effort
= Clean room installed in March 2021
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"History has its eyes on us"

~ Pressure to deliver the UT in 2022
6’1,,,;',,'\\»\{ g = Can LHCDb survive without the UT?
+ Not h 1
UT report ot Nappy
Elevated to deputy
for the UT detector team

Dec 8, 2021

In charge of project leader

installation at e
CERN

History Has Its Eyes On Us

Deputy: Manuel Franco Sevilla (Maryland)

~ Some progress in 1st half of 2022

= Cables, fibers, and mechanics for halt of UT

Installation coordination Firmware coordination Software coordination Upgrade li
Manuel Franco Sevilla (Maryland) Carlos Abellan Beteta (Zurich) Tomasz Skwarnicki (Syracuse) Jianchun Wang (IHEP)
Dep ity es SUc b - W™ Wiillano) | | Deputy: MariaPilar Peco Regales (AGH) Tomasz Szumlak (AGH)
= |[nstalled 7 staves out of 68 total

[ ) o
~ |n June, UT installation
° o LV/HV .Staves EQS | CcO2
coordinator had to leave CERN  [orcimmsme | || swoismess | | [ascoonwen] || sogyio syacss

Underground Monitoring DSS
Joao Batista Lopes (CERN) Violaine Belle (Zurich) Nathaniel Grieser (Cincinnati)
Petr Gorbounov (CERN)
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Optimized stave installation sequence |

HYV. PT. CO2 prep Stave prep ~ Bottleneck was co NnvVoy

15 min - 30 min 15 min- 1h
2 people 2-3 people

= Required 3 people + spotter

Stave convoy

15 min - 30 min
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M Optimized stave installation sequence |

HYV. PT. CO2 prep Stave prep
15 min - 30 min 15 min - 1h —~ |n the end
2 people 2-3 people '
we could do
Stave convoy 3 staves/day
15 min - 30 min
4 people

HYV plugging + validation

30 min - 1h
2 people

PT plugging
30 min - 2h
2 people

CO2 pipes plugging
30 min - 1h
2 people
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Intense six months

Checking

guiEROR IR | Finished installing
1 of beam

pipe. | last stave on
| Saturday Dec 10

Cable/fiber
infrastructure
for 2nd half of

| emsE=E
| |pearen

TP e vy Ty ¢
- . .

~ 224
e e i e Pl TR ) YN Bl LY Al |
— cﬂfq'i-qtf.i:
BT W W W J
- . IL . N
,

=

5 L
)

Measured
with pm
precision
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TRED

Cabling through Christmas break

~ After installation, lots of cabling to be done

= Committed volunteers defied European customs and
worked through break

Manuel Franco Sevilla New physics in heavy quark decays? Challenges to LFU and future prospects Slide 48



AR S Y

UT working well after joining
LHCDb data taking in 2024

UT Magnet

SciFi

) |

LHCb HLT2
Run 301371 (MU)

A® S pri-

Events / ( 0.48 MeV/c?)

I I I

Double Gaussian Signal

m— Polynomial Background

Signal = 1.681(22) x 10*
u=1115.917(19) MeV

o = 2.15(4) MeV

11 IIIIIIIlIIIIIIIIIII|III|III|III]IIIIIII|
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https://cds.cern.ch/record/2912183?ln=en
https://cds.cern.ch/record/2912743?ln=en

sk Upgraae |l

+—9 bl —>
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Upgrade | Enhancement Upgrade 11

Run 1 L.S1 Run 2 Run 3 Run 4 L.S4 Run 5
2011 201212013 201412015 2016 2017 201812019 2020 202112022 2023 2024 2025 202642027 2028 202912030 2031 2032 203352034 203542036 2037 2038 2039 2040 2041

~ Given LHCb's performance, clear case for UMD group gearing up fo

further upgrade to fully exploit HL-LHC

Muon stations
M5

Mot stations & o M3 e Starting 2026-27 we will be
0‘2~

PicoCal —
?fi%i?ré s recrumng undergraduates!

again make critical PicoCal
contributions in LS3 and LS4
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Lk Prospects for LFU

~ Upgrades will allow us to measure .%(Xc)
with 1-5% uncertainty

= Sufficient to establish observation for current central values

Bernlochner, MFS, Robinson, Wormser, RMP. 94. 015003 (2022 Q% ( X b —> X CT L T)

un un % X
Run 4 Run 5 ( C) %(Xb—)XCfI/Lﬂ)

IIIIIIIIIIIIIIIIIIIIIIIIIIIII

¢Ys Pure scalar (H ) SM Pure vector

Also measure | % 44.5/14,p=00049% DU - S sudo-369% DO oo
kinematic

| | _ distributions,
L R . sensitive to

OB e | | N T MM T ' New Physics
v

Total uncertainty [%]

(=)

-

N
o
T T
(9,1
e
T T

Weighted events/(0.50 GeV?)
Weighted events/(0.50 GeV?)
Weighted events/(0.50 GeV?)

PRD 88,
072012
(2013)
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https://arxiv.org/abs/2101.08326

s Summary

50 tb-1
Upgrade | Enhancement Upgrade 11

+—9 bl —>

Run 1 L.S1 Run 2 Run 3 Run 4 L.S4 Run 5
2011 201212013 201412015 2016 2017 201812019 2020 202112022 2023 2024 2025 202642027 2028 202912030 2031 2032 203352034 203542036 2037 2038 2039 2040 2041

~ Excellent performance by LHCb detector
~ Persistent anomalies in (D) and X (D¥)

= LHCb recently published competitive measurements

= Update with 5-10x more data coming soon

~ Exciting prospects with upgraded LHCb
= UMD had critical contributions to Upgrade |

+ Working really well

= Gearing up for Upgrade I, will be taking in students!

Thank you, and let me know if you have any questions!
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