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Index of notation

To compute the sort index of a symbol, read left to right (subscripts before superscripts), retaining

only digits, English letters (in any font), Greek letters (𝛼 = “alpha”, etc.), and the symbols † =

“dagger”, ′ = “prime”, ∗ = “star”, × = “times”, ∨ = “vee”, ∧ = “wedge”. Ties are broken by order

of first appearance.

|𝐴| (norm of a matrix)

archimedean case, 57

nonarchimedean case, 63

A𝐾 (Berkovich affine line), 401

𝜒 (cyclotomic character), 467

𝜒 ( 𝑓 , 𝑉 ) (index of a linear transformation),

131

𝜒 (P𝐾 \ 𝑍 ) (Euler characteristic), 429

C𝑝 (completed algebraic closure of Q𝑝), 28

𝐷† (𝑉 )

equal characteristic, 344, 345

mixed characteristic, 465

Δ 𝑓 (Laplacian), 410

𝛿𝑈 (boundary of an unbounded affinoid

subset), 422

Diag(𝜎1, . . . , 𝜎𝑛) (diagonal matrix), 56

disc( 𝑓 , 𝑟 ) (discrepancy), 215

𝐷
†
rig

(𝑉 ) , 465

𝐷 (𝑉 )

equal characteristic, 341

mixed characteristic, 464

E (completion of 𝔬𝐾 ( (𝑡)) ⊗𝔬𝐾
𝐾 ), 166

Ẽ (completed maximal unramified extension

of E), 341

E† (overconvergent series), 282

Ẽ† (bounded extended Robba ring), 304

[𝐸 : 𝐹 ] (degree of a field extension), 27

E𝐿 (unramified extension of E), 341

E
†
𝐿

(unramified extension of E†), 343

E𝜑 (perfection of E), 289

E
†
𝜑 (perfection of E†), 289

Ext( ·, ·) (Yoneda extension group), 85

𝐹 alg (algebraic closure), 46

𝐹𝜌 (completion of 𝐾 (𝑡) for | · |𝜌), 165

𝐹 ′
𝜌 (completion of 𝐾 (𝑡 𝑝) for | · |𝜌𝑝 ), 182

𝐹 ′′
𝜌 (completion of 𝐾 ( (𝑡 − 1) 𝑝 − 1) for

| · |𝜌𝑝 ), 193

𝐹 sep (separable closure), 46

|𝐹× | (multiplicative value group), 17

Γ𝑀 (controlling graph), 428

𝐺𝐸/𝐹 (Galois group), 46

𝐺𝐹 (absolute Galois group), 46

Γ𝐾 (in 𝑝-adic Hodge theory), 462

𝐻 0, 𝐻 1 (cohomology)

of differential modules, 80

of difference modules, 263

𝐻𝐾 (in 𝑝-adic Hodge theory), 462

H(𝑥) (complete residue field), 399

IR(𝑉 ) (intrinsic radius), 167

irr(𝑉 ) (irregularity of a differential module),

124

irr𝑧 (𝑀 ) (irregularity at a point), 132

𝐾 (complete nonarchimedean field), 143

𝐾 (complete discretely valued field), 261

𝐾 〈𝛼/𝑡 , 𝑡�0 (bounded series on an annulus),

145

𝐾 〈𝛼/𝑡 , 𝑡/𝛽〉 (series on a disc/annulus), 144

𝐾 〈𝛼/𝑡 , 𝑡/𝛽 } (series on a half-open annulus),

151

𝐾 〈𝛼/𝑡 , 𝑡/𝛽�an (analytic elements on a

half-open annulus), 152

𝐾 �𝛼/𝑡 , 𝑡/𝛽�an (analytic elements on an open

annulus), 152

𝜅𝐹 (residue field), 17

𝐾 〈𝑡/𝛽〉 (series on a disc), 145

𝐾 {𝑡/𝛽 } (series on an open disc), 151

𝐾 �𝑡/𝛽�0 (series with bounded coefficients),

145

𝐾 �𝑡/𝛽�an (analytic elements on a disc), 152

𝐾 �𝑡�𝛿 (series with logarithmic growth), 333
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[𝑀 ] (category generated by 𝑀 ), 381

𝔪𝐹 (maximal ideal), 17

M(𝑅) (Gelfand spectrum), 396

𝑀𝑟ℎ𝑜 (base extension of the module 𝑀 to

𝐹𝜌), 165

𝜇𝑝 (group of 𝑝-th roots of unity), 179

𝜇𝑝∞ (group of 𝑝-power roots of unity), 241

𝔬𝐹 (valuation ring), 17

K (equals 𝑝−1/(𝑝−1) when 𝑝 > 0), 166, 179,

197, 376, 425

𝜑∗ (Frobenius pullback), 182

𝜑∗ (Frobenius pushforward), 183

P𝐾 (Berkovich projective line), 401

𝜓∗ (off-center Frobenius pullback), 193

𝜓∗ (off-center Frobenius pushforward), 193

Q𝑝 (field of 𝑝-adic numbers), 27

R (Robba ring), 283

R̃ (extended Robba ring), 303

Rep𝐹 (𝐺 (𝑀 )) (representation category), 383

| · |𝜌 (𝜌-Gauss (semi)norm), 26

𝜌(𝑥) (radius of a Berkovich point), 406

R𝐿 (extension of R), 356

𝑅 (𝑀 ) (radius of convergence), 164

𝑅{𝑇 } (ring of twisted polynomials)

over a differential ring, 89

over a difference ring, 264

𝑅× (group of units), 13

𝑅𝑈 (analytic functions on an affinoid subset),

420

𝑅 (𝑉 ) (generic radius of convergence), 166

𝑠· ( 𝑓 ) (slope of a function), 197

·∗ (Hermitian transpose), 57

·𝑇 (transpose), 56

·−𝑇 (inverse transpose), 56

|𝑇 |· (operator norm), 98

𝑇! (translation), 197

|𝑇 |sp,· (spectral radius), 98

type(𝜆) , 233

·∨ (dual of a differential module), 84

𝑣𝑟 (Gauss semivaluation), 26

∧ (exterior product), 58

∧ (join in a partially ordered set), 407

𝑊𝑚 (differential module), 182

Z𝑝 (ring of 𝑝-adic integers), 27

Z𝑞 (unramified extension of Z𝑝), 7
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Boldfaced page numbers indicate definitions of terms or statements of results.

abelian group

complete, 14

separated, 14

absolute (Frobenius lift), 285

absolute value, see norm

additive value group, 17

adjoint form (of a twisted polynomial), 89, 264

affinoid subset, 420

unbounded, 422

Airy differential equation, 136

analytic element, 152, 166

approximation lemma, 21, 30, 156, 219

Artin–Hasse exponential series, 173, 315

Artin–Schreier extension, 52, 344, 363, 372,

447

Artin–Schreier theory

nonabelian, 277, 342, 462

average norm (of a difference module), 302

Azumaya algebra, 87

𝐵-pair, 469

Bézout domain, 297

Baer sum, 85

Banach contraction mapping theorem, 42, 289

Banach ring, 395

Banach space, 23

Barsotti–Tate group, see 𝑝-divisible group

base change

of a difference module, 262

of a differential module, 84, 101, 111, 191

Berkovich affine/projective line, 401

Berkovich spaces, 8

Bessel differential equation, 125, 357, 430

Bézout domain, 308

binomial series, 51

Birkhoff factorization, 158
boundary (of an unbounded affinoid subset),

422

bounded

homomorphism, 14, 98

subset of a Fréchet space, 436

bounded Robba ring, 232, 282, 464

branch (in a Berkovich projective line), 409

c-compact set (in a Fréchet space), 436

Calabi–Yau variety, 459

Cauchy sequence, 14

Cauchy theorem, 125

𝑝-adic, 164, 326, 417

center (of a Frobenius lift), 286

change-of-basis matrix, 83, 262

clean (differential module), 228

Cohen structure theorem, 362

coherent

locally free module, 152

ring, 160

Coleman integral, 461

compact linear transformation, 437

compactness (of a closed interval), 144, 216,

221

companion matrix, 65

compatible (seminorm on a module), 17

complete residue field (of a Berkovich point),

399

completion (of an abelian group), 15

connection, 83, 95

constant subring (of a differential ring), 80

constituents (of a differential module), 82

contraction mapping theorem, 42, 289

controlling graph, 428

convergence polygon, 415, 453

convexity, 202

Cramer’s rule, 66

Crew’s conjecture, 366
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crystalline cohomology, 458

𝐶∗-algebra, 399

cyclic type (differential module), 378

cyclic vector

of a difference module, 264

of a differential module, 87

theorem, 87, 93, 264, 279, 338

cyclotomic character, 467

de Rham cohomology, 451

de Rham representation, 366, 468

decomposition theorem

for difference modules, 271

refined strong, 191, 227

refined visible, 117

strong, 189

visible, 111

Dedekind cut, 404

Dedekind’s independence theorem, 293

deformation retract, 407

derivation of rational type, 174

determinantal weight, 303

Dieudonné–Manin classification theorem, 276,

305, 343, 361

difference

field, 262

isometric, 267

Galois theory, 277

ideal, 262

module, 262

ring, 262

difference-closed (difference field), 265

differential

Galois theory, 94

ideal, 80

module, 80

normed, 100

on an open annulus, 162

trivial, 80

unipotent, 80, 163

ring/field, 79

slope, 225

differential equation

Airy, 136

Bessel, 125, 357, 430

hypergeometric, 6, 125, 169, 237, 322, 430,

452

dimensioned constants, 27

discrepancy

of a differential module, 216

of a function, 215

discretely valued (field), 17

dual

of a difference module, 263

of a differential module, 84

duality for convex functions, 44

dualizable (difference module), 263

Dwork exponential series, 193, 314

Dwork trick, 295, 296, 301, 302, 317, 358, 367

eigenvalues

prepared, 128

weakly prepared, 128

elementary divisors, 64

elementary matrix, 56

elementary row/column operation, 57

elliptic curve, 3

elliptic integral, 6

equivalence (of 𝑝-adic exponents), 238

étale

cohomology, 459

difference module, see unit-root

fundamental group, 350

étale cohomology, 5

Eudoxus, 404

Euler characteristic, 429

evaluation topology, 396

exponent

of a differential module, 127

of a 𝑝-adic differential module, 241

extended Robba ring, 303, 364

exterior power, 58, 84, 300, 301, 308

extrinsic generic radius of convergence, 167

Fargues–Fontaine curve, 307, 470

Fekete’s lemma, 98

field of norms, 462

filtration

lower numbering, 53

upper numbering, 53, 348

finite étale extension (of rings), 282, 350, 377

finite local monodromy (𝑝-adic), 345

formal adjoint (of a twisted polynomial), 89,

264

Fréchet completeness, 147

Fredholm map, 131, 436

Frobenius

antecedent, 184, 193, 226, 240, 327, 371,

373

descendant, 183, 193, 205, 208

interwiner, 322

lift, 285

absolute, 285

standard, 319

zero-centered, 286
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off-center, 193, 208

structure (on a differential module), 170,

313, 356

Fuchs theorem, 130

𝑝-adic, 236, 246, 326

Fuchsian singularity, 137

full spectrum, 104

fundamental solution matrix, 128, 236, 250,

317, 326, 333

GAGA principle, 132, 429

Galois cohomology, 469

Galois descent, 135, 184

Gauss

(semi)norm, 146, 304

(semi)norm and (semi)valuation, 26

for twisted polynomials, 108

Gauss–Jordan elimination, 64, 149

Gauss–Manin connection, 455

Gelfand spectrum, 396

generalized power series, 31, 303, 364

generic log-growth polygon, 335

generic Newton polygon, 286, 301

generic point, 170

generic radius of convergence, 166

extrinsic, 167

intrinsic, 167

Gevrey function, 138

gluing lemma, 150, 221

Hadamard three-circle theorem, 147

Hahn–Banach theorem, 33

Harder–Narasimhan (HN) filtration, 303

harmonicity

on Berkovich projective line, 410

Hasse–Arf theorem, 348

Hasse’s theorem, 4

Hensel’s lemma, 42

henselian (field), 47, 282

Hermitian transpose, 57

Herr complex, 466

Hilbert–Noether–Speiser theorem, 184, 341,

464

Hodge polygon

of a difference module, 272

of a matrix, 64

Hodge–Newton decomposition, 66

for difference modules, 273

homomorphism

bounded, 14

isometric, 14

Hopf algebra, 383

horizontal

element (of a differential module), 80

morphism (of differential modules), 84

Horn inequalities, 72

hypergeometric

differential equation, 6, 125, 169, 237, 322,

430, 452

series, 5, 169

Igusa polynomial, 6

index

of a linear transformation, 131

of nilpotency, 128

inertia group, 50, 349

intrinsic

generic radius of convergence, 167

radius, 167

subsidiary generic radii of convergence, 172

invariant factors, 64

inversive (difference ring), 263

irregularity, 124, 172, 419, 428

isoclinic (difference module), 269

isometric

difference field, 267

homomorphism, 14

join (in Berkovich space), 407

Jordan’s theorem on finite linear groups, 384

Jordan–Hölder constituents, 82

Kiehl–Tate theorems, 158

Kodaira–Spencer map, 82

Kummer theory, 51

Lang torsor, 277

Laplacian (on Berkovich projective line), 410

lattice

in a Fréchet space, 436

in a vector space, 131

Lefschetz

principle, 124

trace formula, 5

limit (of a sequence), 14

Liouville number

𝑝-adic, 234

Liouville’s theorem, 132

Littlewood–Richardson number, 72

local horizontal section, 164

locally free module, 86

log-growth polygon, 335

lower convex hull, 37, 109

lower numbering filtration, 53

Mal’cev–Neumann series, 31, 303, 364

master factorization theorem, 39, 108, 148,

150, 264
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matrix of action, 83, 262

maximally complete (field), 29

metrically equivalent (seminorms), 14

minor (of a matrix), 62

mirror symmetry, 459

monodromy transformation, 127

multiplicative

seminorm, 15

value group, 17

multiplicative lift, 278, 362, 463

mysterious functor, 468

Newton above Hodge theorem, 64

for difference modules, 273

Newton polygon

generic, 286, 301

log-growth, 335

of a difference module, 273, 300

of a matrix, 64

of a polynomial, 37

of a power series, 146

of a twisted polynomial, 108, 264

semicontinuity theorem, 286, 301, 358

special, 286, 301

Newton’s method, 283

nilpotency index, 128

nonarchimedean

group, ring, field, 17

seminorm, 16

norm, 14

Gauss, 26

for twisted polynomials, 108

𝑝-adic, 27

spectral, 99

supremum, 18

𝑡-adic, 26

trivial, 26

normal (matrix), 60

normalized

radius of convergence, 413

subsidiary radii, 414

normed differential module, 100

off-center Frobenius, 193, 208

operator norm, 57, 98, 126

opposite

difference ring/module, 263

ring, 89

optimal basis, 211

order of log-growth, 333

Ostrowski’s theorem, 17, 27

outer provinces

rebellious, 323

overconvergent 𝐹 -isocrystal (on the affine

line), 456

𝑝-adic

Cauchy theorem, 164, 326, 417

Fuchs theorem, 236, 246, 326

Hodge theory, 462

integers, ring of, 27

Liouville number, 234

local monodromy theorem, 3, 118, 249, 300,

356

unit-root, 345

norm, 27

numbers, field of, 27

path integral, 461

Turrittin theorem, 369

𝑝-derivation, 277

𝑝-divisible group, 307, 367, 469

perfection, 267, 370

perfectoid space, 307, 462, 470

(𝜑, Γ)-module, 464

Picard–Fuchs

equation, 8

module, 92, 127, 316, 451

Picard–Vessiot extension (of a difference

field), 267

piecewise affine (function), 144

on Berkovich projective line, 410

Poincaré pairing, 457

potentially semistable (representation), 366,

468

prepared eigenvalues, 128

principal minor (of a matrix), 62

prismatic cohomology, 277

product formula, 27

product seminorm, 24

projective module, 86

pseudoconvergent (sequence), 31

pseudolimit, 31

pure

difference module, 269, 298

differential module, 104

quasiconstant (differential module), 356

quasiunipotent

differential module, 356

monodromy, 127

quotient seminorm, 16

radii of optimal convergence, 210

radius (of a Berkovich point), 406

radius of convergence (of a differential

module), 164

normalized, 413
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ramification number, 225

Rapoport–Zink space, 307

rational type, 174

real

semivaluation, 16

valuation, 16

rebellious outer provinces, 323

refined (differential module), 104, 373

refined decomposition, 228

strong, 191, 227

visible, 117

regular (differential module), 124, 250, 451

residue field (of a nonarchimedean field), 17

residue map (on Laurent series), 435

rigid analytic geometry, 8

rigid cohomology, 457, 458

Robba component, 440

Robba condition, 237

Robba ring, 283, 446, 465

bounded, 232, 282, 464

extended, 303, 364

root path (in Berkovich projective line), 407

Schauder basis, 33

semiabsolute value, see seminorm

semicontinuity theorem for Newton polygons,

286, 301, 358

seminorm, 13

compatible, 17

Gauss, 26

metrically equivalent, 14

multiplicative, 15

product, 24

quotient, 16

submultiplicative, 15

supremum, 18

topologically equivalent, 14

semistable

difference module, 302

semivaluation, 16

Gauss, 26

separated (abelian group), 14

shearing transformation, 130, 241, 242, 250,

337

Shilov boundary, 158

singular value, 99

archimedean, 57

decomposition, 57

nonarchimedean, 64

skeleton (in Berkovich projective line), 408

slope filtration theorem, 300, 320, 366, 371,

470

slopes (of a polynomial), 37

Smith normal form, 64

snake lemma, 85, 189, 426, 457

solvable (differential module), 225, 316, 326

special log-growth polygon, 335

special Newton polygon, 286, 301

spectral

decomposition, 228

norm, 99

radius, 98, 395

spectrum

full, 104

visible, 110

spherically complete (metric space), 29, 152,

157, 219, 280, 406

standard Frobenius lift, 319

Stokes phenomenon, 136

strict skeleton (in Berkovich projective line),

408

strong

decomposition theorem, 189

deformation retract, 407

triangle inequality, 16

strongly difference-closed (difference field),

265

subharmonicity, 202

on Berkovich projective line, 410

submultiplicative (seminorm), 15

subsidiary radii (of convergence)

generic, 172

normalized, 414

superharmonicity

on Berkovich projective line, 410

supersingular (elliptic curve), 6

supremum (semi)norm, 18

supremum-equivalent (seminorm), 18

𝑡-adic valuation, 26

tame degree (of an extension), 50

tamely ramified (extension), 50, 105, 117, 191,

350

Taylor series, 93, 169, 184, 241, 318, 378

tensor product

of difference modules, 262

of differential modules, 84

Tikhonov’s theorem, 384, 397, 401, 408

topologically equivalent (seminorms), 14

totally ramified (extension), 49

totally wildly ramified (extension), 50

trace (element/component), 84

trace-zero component, 84

transfer theorem, 168, 317, 417
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regular singular, 250, 317

triangle inequality, 13

strong, 16

trianguline representation, 469

trivial

difference module, 262

differential module, 80

Turrittin–Levelt–Hukuhara decomposition

theorem, 118, 135, 369

twisted polynomial

over a difference ring, 264

over a differential ring, 89

type

of a Berkovich point, 403

of a field element, 233

ultrametric (seminorm), 16

unbounded affinoid subset, 422

unipotent (differential module), 80, 163

unit-root

difference module, 269, 320, 342, 345

𝑝-adic local monodromy theorem, 345

unramified (extension), 48

upper numbering filtration, 53, 348

valuation, 16

Gauss, 26

for twisted polynomials, 108

𝑡-adic, 26

valuation ring (of a nonarchimedean field), 17

value group, 17

variation of Hodge structures, 365

visible decomposition theorem, 111, 188

refined, 117

visible spectrum, 110

weak equivalence (of 𝑝-adic exponents), 238

weak topology, 284, 463

weakly difference-closed (difference field), 265

weakly prepared eigenvalues, 128, 236

wedge power, see exterior power

Weierstrass preparation, 148

Weil conjectures, 4

well-ordered set, 31, 303

wide open subspace, 332

width (of a polynomial), 36

wild inertia subgroup, 50, 104, 389, 390

wildly ramified (extension), 50

Witt vectors, 276, 315, 463

Wronskian matrix, 91, 175

Yoneda extension group, 85, 264, 425

zero-centered Frobenius lift, 286

zeta function, 4, 453, 459
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